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Introduction

This book is the product of ethnographic ficldwork 1 did from June, 19806 to

Julv, 1987 at a Luge public university — it enrolled some 36.000 undergradu-

ates in the fall of 1986 — in the United States.! Parts of that ficldwork have
been assembled here® mixed up with traces of some of the reading T've done,
and shaped into a0 story about the university's undergraduate: physies and
management programs.*

I've written about those programs because theyre areas where education
and power come together in crucial ways. Physics and management are dis-
ciplines deeply implicated in the domination of the physical and social worlds.
The fact that both regulate membership and participation in their realms through
educational requirements makes them prime areas tor exploring how students
get connected to core disciplines of modern society. and how they beveme

parts of durable and extensive networks of power.

To address these issues, Tl argue, it will be necessary to rethink what it
means to learn” or chave” knowledge. T will propose that we shift our focus
from individual minds and groups in face-to-face interaction, to questions of
how activities are organized across space and time. and how organizations of
space and time are produced in social practice.

I will treat the physics and management programs 1 studied not as exem-
plary cases of such programs, but as “points of entry” ¢Smith, 1987 that give
us aceess to the larger processes that constitute and reproduce disciplines.
Those processes, Tl argue, center around the incorporation of students into
discipline-specific temporal and spatial organizations of knowledge.

To talk about “knowledge” and “learning in such terms 1 have patched
together the theoretical language laid out in the first chapter. From psyehological
anthropology (e.g.. Lave. 1988) [ take the notion of knowledge and learning
as products of social activity rather than isolated minds. From social studies ot
scrence Ce g Latour, 19871 1 borrow a way of talking about such knowledge-
constitutive activities as organized by networks spread across space and time.
Finally, from geography (¢ g Gregory, 19940 1 take tools for understanding
how such networks are organized. stabilized, maintained. and integrated into
Luger Hows of cultural and econonuc action

The result 1s not 4 complete or pattealarh supple Language, and 1 take
much comfort m Stuart Hall's €1992) suggestion that the only theory worth
having 1s that which vou have o fight off, not that which vou speak with
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profound fluency” tp. 280, of. Said. 1983), I have tried not 1o shift the burden
of my struggles and inarticulateness onto the readers, but some may find the
first chapter hard going. Those unacquainted with the ideas T am reworking
may be bothered by unfamitiar terms and assumptions woven through the
argument. Other readers, those who are familiar with some of the schools of
theory from which I borrow. may be bothered by the way I pick out concepts
and ideas from widely separated disciplines and re-shape them to it my pur-

poses: the way 1 place others” ideas, place them in strange juxtapositions. use
then to address different questions than their authors imagined. and so forth.
In Culler's (19831 sense. the first chapter clearly qualifies as theory,

“Theory™ 1s a genre because of the way its works function .. [to] ex-
ceed the disciplinany framework within which they would normally be
evialuated and which would help to identifv their solid contributions
to knowledge. To put it another way, what distinguishes the members
of this genre is their abitiny 1o function not as demonstrations within
the parameters of a disciphne but as redescriptions that challenge
disciplinary boundaries (Culler. 1983, p. 9. quoted in Gregory. 1994,
p 1

However. T do not intend that the chapter should be read as the theory
for which the remnder ot the book functions as illustration. The first chapter
and the four that follow it are more like tvo wavs of talking about the same
issues fumping ahead in the argument T eould say that the first chapter is more
‘mobile” than the second. theories are wavs of talking aboud worlds that can
be moved about and used in different situations for different purposes. Theory
does not subsume or explun “empirical” work, its simply @ way of moving it.
or as Latour (19881 suggests, of connecting difterent networks of knowledge-
work

Theories are never found alone. just as in open country there are no
clover leat intersections without freewavs to connect and
rediredt. When a series of tocations has been mastered and joined
together 1 a network, it is possible 1o move from one place 1o an-
other without noticing the work that hinks them together One location
scems potentially’ o contain all the others: Tam happy 1o call the
prgon used to get by mside these networks theory'. as long as s
understood that this is like the signposts and Labels that we use to find
our way hack What we call theon™ is no more and no less real
than & subwav nap m the subway tpp 178, 220

Inasmuch as the first chapter miroduces some of the termimology used m
the Laer chapters you should read st first st as vou might read a map hetore
getting on a subway tin But the program: descrptions e not mere blow -
ups or detatls of some total picture: contamed i the st chapter. Instead, the
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Introduction

reniaining chapters tocus on how the programs spatially and temporally or-
anized the material practices of their students, and on how students in the
programs began to be engaged in discipline-linked practices for producing
spatial and temporal refations.

At the core, my argument is that learning is not an internal psychological
Process (30 YOu Won't see me uying to reconstruct the psyehologies of indi-
vidual students), but neither is it a product of dtivities in face-to-face interac-
tion. The first pait of this staterent is a famibar point, made in various ways
by Vygotskians, students of ssituated learning”, and others, It's the second half
of the statement that may generate some initial confusion, for what I'm going
to argue is that “face-to-face” mteraction in specific situations s never just that,
and that instead what we think of as ‘interactions” and situations” are. s
Doreen Massey (1993) puts it, articulated moments in networks of social re-
Ltions and understandings in which our ‘experiences and understandings are
actually constructed on a far farger scale than what we happen to define for
that moment as the place itself, whether that be a street, aregion or even
continent” (pp. 650601 )

On the one hand social activity is now stretched across vast expanses of
space and time so that, for example, physics stadents in different pans of the
United States engage in generalized social relations with one another and with
faculty tdefined. for example, by astandardized curriculum and routed through
distant sites by textbooks, tests, and so forth), and compete with one another
for positions 1 an academic network o which they all belong. This
“distanciation” of social acuon, as Anthomy Giddens (1981 calls ity directs us to
look at the “tace-to-tace interactions” of students and facalty within a particuba
program, as accomplished through participation in networks of socral relations
that extend far beyond the program.

On the other hand. we can also tatk, as Massey did, of all the spatially and
temporally distant flows of activity intersecting within a given setting. This s
what David P ey €1989) refers to as ‘tme-space compression’: the articulation
of global” pre esses in local” settings tmaking that very distinction problem-
ate), the sense m which physicists from Berkeley are closer in space-time to
therr collcagues in Europe than to migrant workers in the next county, or
matgers n New York to their counterparts in Tokvo than the poor in the
South Bronx

W hat this boils down to s the ided that when weaet we're simultancously
mteractng with the people and things m the immediate environment and with
people and things spatially and temporally reme wed from us, but none the less
present m the situation in some way. To understand how activity is connected
to learning and knowledge we have to deal with both threads of mteraction
This tequires us o look closely at how distant activity s transported mto and
nide mamtest mpatticula setings, and 2t how activities m hose settings are
connected 1o activities and spaces elsewhere These are the tashs that occupy
most of 1 attention in the book, and i T have slighted other important issues

1 hecanse T have been overwhelmed with the complesity of the ssues
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surrounding the material organization of local educational space-times and
their irtegrauon, through specific representational technologies, with distant .
space-times of disciplinary practice.

The first program [ discuss is physics. Chapter 2 examines how the pro-
gram zoned students” activities into a small set of material and social spaces
and compressed their time to foster the development of exclusive, within-
program social ties. This produced a distinctive form of social organization
organized around the practice of problem-solving. Chapter 3 develops an
account of problem-solving as a way of integrating students into the disci-
pline’s way of organizing the world through textual representations. 1 show
how the different components of the physics curricutum (e.g., texthooks, lec-
tures, study activities) were tied together through representational technologies,
and how students learned to ‘move’ and organize themselves within the textual
systems of space and time constituted by those representational technologies.

Chapters + and 5 deal with a very different system for organizing people
and practices and linking them with networks of power: the management
program. [ highlight the contrasts between the two programs when T can, but
given the programmutic differences these chapters do not exactly parallel the
chapters on physics. Instead. chapter + shows how the management program
fragmented acadenue space-time and organized it into distinet, bounded, short-
term units. In sharp contrast to the physics program, which strove to reorganize
the world in terms of the academic discipline, the management program created
tor at teast reinforeed) a sharp division between the school world and the
business world. In chapter 5. however, I show how non-academic portions of
the program nevertheless created lines of connection between the program
and the business world by ‘mobilizing students in distinctive systems of material
bodily practice.

The final chapter is a reflective commentary on magjor themes of the book
and it look beyond it T am conscious of the fact that since my fieldwork the
proliferation of computer networks and on-line communications, especially in
fields such as physics and management, may have substantially altered the
configurations of the space-time networks I studied. The representational tech-
nologies Fidentity as mobilizing educational experience to fields of practice in
the two disciplines may have changed radically. Any such changes, however,
by muking the distanciation and space-time compression of the ficlds more
ninifest, make a stronger case for the kind of analysis and theoretical lan-
guage Lam proposing here. This work is a beginning, an initial and incomplete
exploration of a fluid terrain

Notes

E Inthe categony swstem used m the unversitys official statistics, ~6 per cent ol the
students were white'. 9 per cent were “Hispanic'. S per cent were black', percent

Were SAsian Ameniean’, and T per cent were foreign, In the university as a whole $4

10




Introduction

per cent of the students were male, 40 per cent femade. In the management program
the male female rtio was -1, but in physics men outnumbered women 9:1.

I didn't study the university” as a whole, nor did [observe” or "participate in- every
facet of undergraduate physics and management education. My focus was primarily
on the academic side of student experience (although -academic’ and social” life
often blurred). In the portions of the fiecldwork dealing with physics and manage-
ment. ! conducted 31 taped interviews wath students and faculty; observed many
dozens of class sessions and study sessions; coltected and analyzed course syl-
labuses, catalogs. textbooks, and students” classnotes; analyzed the transcripts of
recent graduates in the fields: and “hung out” with and talked informally with stu-
dents outside the classroom.

There were 220 and 136 officially declared majors™ in physics and management
respectively, putting them in the bottom third in size among undergraduate pro-
grams (he largest had welt over 1,000 majors) Al of these numbers, however, are
unreliable. There were, first of all, inconsistencies eould never account for (variances
ap 1o 10 per cent) across the enrolment and “declared majors” data that I received
from three sources: the registrar's office. the institutional research office. and the
departments themselves. Seeond., the number of management majors is antificialty
low because the business school doesnt allow students to “declare” until their third
vears (though many decide carlier). Thus the physics number includes freshmen
through to senjors, the management number only juniors. and seniors. This inflates
the numbers in physics. since freshmen and sophomores are systematically weeded-
out. The physics numbers also mistead by compressing into the senior” category all
sudents who have been in the program more than three vears. Since only S per
cent of those who graduate from the program do so in four vears this category
actually includes several different age cohorts.




Chapter |

Kriowledge in Space and Time

Most forms of socual theon: bare failed to take seriously enough not
only the temporality of social conduct but also its spatial attributes
At first sight, nothing seems more banal and uninstructive than to
assert that social activity occurs in tinie and space. But neither time
norspace bace been incorporated into the center of social theory. they
are ordinanly tredated more as enviromments e which social con-
duct is enacted . vather thaw fas] integral to its occurence (Giddens.
1979, p 202 quoted 1 Soja. 1985, p. 1209,

My strategy in this chapter will be to dismantle a network of assumptions
about "knowledge' and learning’ by depicting educational practice and re-
scarch as revolving around a simple question: how is activity in one setting
Guch as a classroom) related 1o activity in settings distant in space and time
tother classrooms or workplaces) T want to suggest that all our notions of
learning, development. teachmg, curriculum and reproduction can be read as
answers to this question about space-time relations, vet all suppress considera-
tons of spatiality. At one extreme we have information processors and cogni-
tive structures that roam unproblematically across space-time. at the other
situated or distributed cognitions that don't move at all tand in hetween ideas
thit share the weaknesses of both), None of this will do. There are no disems-
bodied heads about, but neither are there isolated social interactions or local-
ized communities of practice. We live in a global world system and no analysis
of knowledge and learning will suffice that cannot take this into account: that
my activity writing this and vours in reading it cannot be explicated without
understanding how we're hinked 1o one another, to those around us, to world
ceonomies and global flows of cubture that shape and provide resources for
evervday practice

The tactic of this work is 1o foreground the production and organization
ot space and time and ook at schooling as a web of movements spun from
multiple flows of matertal resources and representations. The focus is under-
graduate education in the ficlds of physics and management The topic is the
production ob actors for the spatial and temporal networks of power that we
call disciplines

(o this chapter | construct a language for talking about how educitional
programs detine tajectories’ through material spaces — buildings. chissrooms

[§]
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and laboratories — 1o bring students mto contact with representations of other
spaces and times — textbooks. equations, lectures. lab equipment. and so on
— that make those absent spaces “present” in textual form. It is in these
organizations of space and time that we will find the key to understanding
how students “learn’ in fields of “knowledge such as undergraduate physics
and management.

The substantive material of the book. then, focuses on students” academic
encounters with the powerful disciplines they aspire to belong to. but the
thread that ties the material together is the issue of how education is accom-
plished as a space-time process. The best place to begin addressing that issue
is an arena from which space and time have usually been thoroughly ex-
cluded: the “individual mind', the processes of cognition and learning.

From Individual ‘Learners’ to Networks of
Knowledge Builders

Over the past quarter of a century “learning” has commonly been conceived as
a process taking place within individuals. People were said to gradually build
up integrated capacities — composed of -attitudes’, rules’. schemata’. “domain
knowledge'. “contextual modules™. or whatever — that could be carried around.
called up. and deploved as needed in specific contexts (LCHC. 1982, p. 651,
Contexts themselves were usually conceptualized in terms of decontextualized
‘problems” or tasks” (e.g.. Lesgold. 1988 of. MceDermott, 1990; Larkin, 1985, tor
physies: Isenberg, 1987, for management). Since the focus was usually on the
individual's mental representations of the tasks. the effect. as Lave (1988) points
out in her powerful critique of cognitive science. wis reduction of the social
world 1o representations in individual minds.

This focus on discrete. independent individuals has been shared by ap-
proaches as dissimilar as the social pavchological accounts that focused on
individuals” attitudes and orientations (Perry. 1970; Katchadorian and Boli.
19851, and the cognitive psyehologies that formulated flearning theory” in terms
of the internal architecture of the fearner” te.g.. “Conspicuous in the basic
equipment of the learner is @ memory system of virtually unlimited capacity ..
ete.. Estes. 1989, p. 12y Inall of these approaches considerations of space and
time were suppressed: the individuals” studied were not situated in specific
social-historical ficlds of practice, and the tasks™ the individuals engaged n
were considered as bounded. homogencous events rather than intersections of
multiple on-going activities.®

To begin re-inserting space and time into accounts of educational practice

we have to et go of the mdmadual” and look for units of anatysis that can be
spatially and temporally situated. As Butler (1988) and Kondo (1990 argue.
the preoccupation with individuals™ is grounded in a metaphysics of sub-
dance that creates a rigid division between the psychological’ and the social™.
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Identities are, in this view. fixed. bounded entities containing some
essence or substance that is expressed in distinetive attributes. This
conventional trope opposes ‘the self” as bounded essence, filled with
real feelings” and identity to a world” or to a society” which is spa-
tinlly and ontologically distinet from the self (Butler, 1988). Indeed.,
the academic division of fabor recapitulates this distinction in its sepa-
ration of the disciplines, distinguishing psychology” from “sociology”
tKondo, 1990, pp. 33-34).

Getting around these dichotomies to a vision of actors as something more
than mere sociological or psychological entities (or some additive combination
of the two) is enormously difficult. Consider work in the tradition of Vygotsky
(1978: 19300, where psychological processes are seen as inextricably linked to
social activity. Newman (1990), for example. defines  ognition as a property
not of individual students but of the “interactional  2ms” in which students
engage (cf. also LCHC, 1982; 1983; Moll, 1990; Newman, Griffin and Cole,
1989; Wertsch, 1985

What is outside the head is just as much a part of the cognitive system
as what is inside the head. ... Tasks and understanding are obsenved
first in mteraction before being internalized as an individual's
capacity. ... Meaning is actively constructed in interaction (Newman,
1990, p. 188).

[nstead of mere carriers of mental “substances’, people — at least at certain
points of time — are viewed as components of social-cognitive configurations.
Instead of solving externally imposed tasks and problems they actively con-
struct and resolve practical dilemmas. Their knowing' (although it ultimately
tukes the form of decontextualized, “internal” essences) is the product of activi-
ties coniextualized in space and time.

Consider how these ideas might reshape the way we talk about know-
ledge and learning: the way T make meaning when I'm sitting in the local bar
arguing with someone about knowledge is different from how T muke it riglt
now as I'm writing this. In the bar meaning is constructed in conversation and
it varies according to whom I'm talking, our level of sobricty and so forth. In
my office T can consult books, articles, fieldnotes, interview transcripts and
carlier drafts of this text. The difference between what T know' in the two
settings isn't in my ability to articulate some head-knowledge that renviins
constant across settings, nor do the books, people, or other clements of the
contexts suply cadd to” some knowledge that atready exists in my head
Rather, in the two settings I'm part of different cognitive systems (I'm a differ-
ent T My paychologeal” state 1s integrally connected to, indeed s aproduct
of. my social” situation ewleeh mddudes inanimate tools” as well as other
people). Finally, my experiences in cach setting alter me, my individual mindd,
in some durable way (F internalize something) that shapes future activity.

&
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The problem with this approach is that it depicts the social distribution of
knowledge and “cognition” as a transitory or intermediary stage on the route
to internaltized” — that is. despatialized and detemporalized — knowledge (cf.
Lave and Wenger, 1991). In this sense, Vygotskian work moves “cognition’
back and forth from one side of the social-psychological divide to the other
but fails to challenge the system of representation that creates ‘the social” and
‘the psychological” as opposed categories in the first place.* More importantly,
even on their own terms, Vygotskian approaches suceeed in integrating the
social and the psychological only by embracing an extremely narrow concep-
tion of “the social’. In practice they focus on face-to-face interactions taking
place in small, circumscribed settings. Absent are considerations of social struc-
tural or systemic properties, of interactions between people and things that are
distent from one another.'- What makes this neglect so problematic is that
soctal organizaton itself. at least since the development of the modern world
system, has expanded beyond immiediate, face-to-face interactions to link the
activities of individuals who may never be physically co-present or engaged in
direet interaction with one another (Giddens, 1981). As Gregory (19838) puts it:

Insofar as routinized social practices are recognizably the same over
varying spans of time and space . . they flow from and fold back into
structural relations which reach beyoad the “here and now” to define
interactions with others who are absent i time or space. This is what
society” came to mean after the eighteenth century: the arger world
stretching away from the human body and the human being (pp. 80—
82; emphasis added).

Making sense of knowledge practice as “interaction” with others distant in
ume and space — a form of interaction pervasive in modern society — is the
key problem I'm working with in this book. People dont participate as “indi-
viduals™ in pristine or local small-scale “communities of practice’” (Lave and
wenger. 1991, nor do they take on stable sindentities” by becoming full par-
ticipants™ in such communities. Such views ignore the fact that "commiunities’
aren’t just situated dn space and time, they are ways of producing and organ-
1ziny space and time and setting up patterns of movement across space-time:
they are networks of power. People don't simply move into these networks in
an apprenticeship mode, they are defined. enrolled and mobilized along par--
ticular trajectories that move them across places in a network and allow them
to move other parts of the world into that network. A community’, it we still
wanted 1o use the term, would have to be seen as composed of extremcly
heterogencous and dispersed elements linked together in what, following Callon
{19861 1 will call “actor-networks™ fluid and contested definitions of identities
and alliances that are simultancously tramew orks of power.

1 will discuss these notions in the next section, but here let me try to give
vour a sense of what 'm tatking about by reworking that account 1 gave above
about my own ccognitive system” Betore, T was worried about whether 1 hadd
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the same mind in the office as in the bar. But where am 1" right now?® You
and 1, as reader and writer, are separated from each other in time and space,
and move together now only through the medium of this text. The text de-
scribes people, places, and events — undergraduate programs of education in
physics and management — that are spatially and temporally distant from both
of us. Qur relationship to them is different. You were never in the space-times
of these programs, T was, Unlike the faculty and students swho lived through
the programs, however, T intersected with them only briefly — on the trajec-
tory of a social science career — and now | instead of moving thronugh them,
[ morve them across time and distance and into vour field of vision. T mobilize
compressed, stabilized representations of them — ficldnotes and interview
trunscripts — and link them with other mobile representations Cthe literature”
to formulate this even more compressed and mobile account, a book. Times
and spaces long gone now appear before your eves. Read the wext and there
they are. Does the text describe’ them? It creates them, constitutes them Cand
me), not as fixed essences — the students or professors could create accounts
to contest mine, or vou could attack my technology for builkding and moving
representations (my methodology) — but as the “contestable and constrained
stories” (Haraway, 1989) of a “positioned subject’ (Rosuldo, 1989). The fate of
the stories is in the hands of others. To move them [ need aceess to technologies
and organizational means for circulating representations (publishers, distribu-
tors), and ultimately T oeed people like you to use my representations in your
representations, in other times and spaces. To get access to these sorts of
things. to spread myselt out over space-time, 1 need a disciplinary apparatus®

The knowledge in this example isn't the property of a “cognitive systeny’
twhether conceived as intra- or inter-psvehological in nature). Rather. to bor-
row language from Callon €1980) and Latour (1987), it's the property of a
network that produces space and time by mobilizing and accumulating distant
settings m central positions: not just my own mobilizations of the programs,
but the other mobilizations (the published theories and refated studies in the
literature) that T attach them to, the networks that connect us, and so forth. As
Latour C1O8™)Y puts it

What is called “knowledge cannot be defined without understanding
what gening knowledge means . Knowledge™ is not something
that could be described by itself or by opposition to “ignorance’ or to
‘Hetiet”, but only by considering a whole cyvele of accumulation. how
1o bring things back 1o a plice for someone to see it for the first time
<o that others might be sent again to bring other things back. How
1o be famihiar with things, people and events, which are distent (1987,
p 22

Drusaplines” such as physics and management are constituted by eyeles of
accumutation withim networks that organize flows of people and things through

10
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space and time. T will treat education in physics and management as similarly
being network networking phenomena: as spatializing and temporalizing the
activity of students 1o connect them to disciplinary practice. "Learning” (in) a
discipline isn't a matter of transforming one’s psychological make-up (whether
we see this as a function of developing internal “equipment” or as the outcome
of soctal adtivity). Instead, dearning” should refer to changes in the spatial and
emporal organization of the distributed actors networks that we're always
part of. It isn't, contrary to Vygotskian interpretations, that we move from
social to internalized’ knowing, from inter- to intra-psychological experiences:
knowing is always distributed (Lave, 1988). Rather, we move through different
spatio-temporal distributions of knowing. Students enter into disciplinary prac-
tices when they begin to move along trajectories that keep them within the
narrow range of space-times and distributions that constitute the discipline:
when theyv're physically mobilized through networks of physical settings,
and when they begin to construct worlds through discipline-based systems of
representation.

The effects of schooling depend on the spatial and temporal trajectories
along which students are moving before and after educational encounters.
Disciplinary education depends on the students moving along trajectories that
keep them in contact with disciplinary networks. People need labs, note-
books, computers, equations, and colleagues 1o be physicists; suits, offices,
memoranda and organizations 1o bhe ‘managers” (and the whole pathway that
leads people into configurations with these elements is the key here, not mere
possession of them). Drop a student or a physicist or a manager on a deserted
island without their tools and colleagues and the questions of what they "know”
and in what sense theyve learned’ are rendered moot. Since learning and
knowledge are not properties of individual actors we cannot speak of some-
one having leamed’ differential equations or financial ratios unless theyre
moving along a trajectory that at feast periodically re-assembles the distnbuted
or networked actor i practice-relevant configurations.

Networks and Actor-Networks

Let me v to clartty some of the ideas just ntroduced -Network” i an ambigu-
otts concept, but o hasic definition points to spatially dispersed elements that
have been linked together over e, The linkages conneding networked ele-
ments are as important as the nature of the clements themselves: As Latour
CTUS™ pomts out-

The word netwaork mdicates that resources e concentrated e few
places — the knots and the nodes — whicli are connedted with one
another — the links and the mesh: these connections transtorm  the
scattered resources into a net ¢p. 1803

11
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The content of the networked elements and the structure of the ties con-
necting them are not fixed and static (¢f. Powell, 1990; Perruced and Potter,
1989; Xellman, 1983). Networks expand, contract, and shift configuration over
time, and even the most stable and predictable of them are constantly being
reappropriated and redefined by the nature of the flows that animate them
Gust as a driver's route — and what he or she transports — may vary from day
to day through a relatively stable svstem of roadwayvs). Understanding those
Hows, however, isn't just a matter of understanding individual® trajectories (a
particular driver’s needs or desires or skills), but of understanding the ongoir.g
social activities that enmesh the entire network (the social and economic forees
that shupe a society of drivers).

What I'm insisting on is that we push our analysis of the distributed actors
we study — the links and mesh of the networks we trace — further back and
out in space and time from our “point of enury’: further, certainly, than I'm able
to manage in later chapters. No psychology’ of “learning will be acceptable
that isn't also a political ecconomy of knowledge.

Before sketehing the outlines of such a framework, however, T want to
consider briefly a compelling alternative to the network” orientation, Lave and
Wenger's (1991 conception of learning as legitimate peripheral performance
in ‘communitics of practice’.

There is much to admire in this work: it rejects the preoccupation with
‘internalization” that plagues Vygotskian approaches, and instead focuses on
learning as a facet of social practice. as part of 4 process of acquiring an
dentity in a community of practitioners. The problem is that these (thuman)
communities are treated as bounded, strictly focal settings seemingly uncon-
nected and unconnectable to other spaces and times. People move in or out
of Lave and Wenger's circumsceribed version of the ssocial world in terms of
participation Gilthough no attention is given to the trajectories that bring people
to the peripheries of particular communities in the first place), but the question
of how such communities are structured, maintained and connected to one
another across space and tme cannot be asked within the assumptions of the
framework In a sense, m o spite of rejecting many of the core assumptions of
traditional psychologies, Lave and Wenger remain locked into the standpoint
of psychology —— the focus on the Cindividual” (not necessarily a person. but
2 hounded. local entity) developing through the pecatiar, despatialized tume of
psychology Where their focus is on understanding how one gets to be at
honie on solated islands of practice, mine is on movement through the dense
strands of practices that hold together worlds ol knowledge

What T am searching for is @ way of talking about how people move into
Checome enmeshed ind fields of practice understood s organizations of and
wiss of producing activities, spaces, and times Callon's (19830, 1987 “actor-
network” theory s the proman resoutee Tdaw one Ador-netw ork theorny portray s
activity in terms of the effoits of an explicily distributed and spatialized net-
work of entities whose linkages to one another are ongoing accomplishments:
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The actor-network is reducible neither 1o an actor alone nor 10 a
network. Like networks it is composed of a series of heterogeneous
clements, animate and inanimate, that have been linked to one an-
other for a centain period of time. ... But the actor-network should
not, on the other hand, be confused with a network linking in some
predictable fashion elements that are perfectly well defined and stable,
for the entities it is composed of, whether natural or social, could at
any moment redefine their identity and mutual relationships in some
new way and bring new elements into the network. An actor-network
is simultaneously an actor whose activity is networking heterogen-
cous clements and a network that is able to redefine and transform
what it is made ol (1987, p. 93).

The principal virtue of this framework is that it allows us 0 look at
identity and practice as functions of ongoing interactions with distant elements
cammate and inanimate) of networks that have been moblized along intersect-
ing trajectories. Lave and Wenger (1991) provide a foil again: their masking of
the wider social world makes problematic their equation of -learning” with
acquiring an identity” within a community. Identities crvstallize in the ensions
and pressures produced as different communities or actor-networks clash. den-
tities are shifting. contested stakes of networking practices that seck to pro-
duce or maintain a certain configuration of social space by excluding or
restricting some people and things from participation while recruiting and
reconstructing others to fit into the network.

Callon (19873 provides a useful terminology Gatheit an awkward one m
English) for describing how identities and alliances are forged through the self-
constitutive activities of actor-networks. Actor-networks such as physics and
management Cdisciplines’ for short) constitute themselves in part through
educational practices that shape and sort would-be participants and organize
their participation in disciplinary productions of spiee and time. Callon (1980)
suggests that there are four ‘moments” — not sequential stages of the process
but overlapping aspecis of the strategies and tactics of network builders — of
this networking process: problematization, interessement. enrvolment, and
mobilhization

Problematization refers to the ways network builders tfor purposes of
exposition, the ‘physics” and ‘management” programs, although who's building
what network is a question explored in the bedy of the ext) define allowable
wlentities and interests for people such as students (or for other actors such as
organizations, ¢teo. The only appropriate identity for a student in the physics
program, for example, was that of “physicist-in-the-making” en route to a ca-
reer in research The program had defined itself as an obligatory: passage
pomt along this raiectony -— a space-time mersection that students had 1o
move through to accomplish the defined dentities and interests tCallon, 1980,
pp. 204 200,
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Problematization isn't unproblemiatic. however. Students have o be de-
tached trom the networks to which they already belong and within which their
identities have been defined. and there are other actor-networks in the univer-
Sy setting busy trying to impose different identities. Interessement refers 1o
the strategies network builders use to mapose and stablize the wdentity of the
other actors it defines through its problematization” (Callon, 1980, p - 207), and
the ke to this process 1s the creation of barriers that can be placed between
the entities being networked and all other entities who want 1o define their
rdentities otherwise” (Catton, 19530, p. 208). These can be material barriers
cprison walls), material organizations of space and time that restrict contact
with outsiders (as in the phyvsies program), discursive barriers (the imposition
of incommensurable wavs of categorizing or classitving the worldh, or Darriers
constituted through differences of taste, stvle and lainguage

As such mteressements suceeed i fixing identities and  memberships,
enrolment interrelates those roles and fashions the identities into systems of
alliances  Interessement and enrolment are two sides of @ coin: “To describe
enrolments is thus to describe the group of muthtilateral negotiations, trials of
strength and tricks that accompany the interessemients aned enable them 1o
succeed (Callon, 1986, p. 211, Thus the physics and management programs
weren't just setting up barriers to prevent thewr students from being captured’
by other actor-networks, they were also weaving students into - the actor-
network by attaching them o cach other and o panticalar material spaces and
practices of representation. The end results were disciplinany constructions of
the student The question then is how these construcdtions were connected to
the still-distent space-time orders of disciplinarny practice.

Callon's answer is what he calls mobilizanon the methods used to stabil-
e the enrolled coaltions in wavs that “ensure that supposed spokesmen for
various relevant collectivities were properhy able to represent those collectivitios
and not be betraved by the Later” (Callon, 1986, p - 196). As Latour C1987) puts
it. this means that 1 must be possible for whatever s being enrolled 1o be “first
displaced and then reassembled at ac certin place at a particular time. This
mobilization or concentration has a definite phvsical reality which is material-
ized through 4 series of displacements” ¢pp 2H6-17) Techniques can riange
rom mobitization in the Hesh — assembling strikers for a nuass radly, for
example, or translating students mto mobile practitioners of @ discipline — to
the representation of previous! dispersed enuities in stable, mobile, and com:
hinable torms aextat or electtonicn.

Fwill use this concept of mobitlization quite a it but with some qualifi
cattons The Catlon and Latour account of mobihization is preoaceapied with the
question of how actors at the center of o networkmg ennty mobihze the people
and things they are enrolhing I ignores the perspectives of those at the margins
ischwanty Cowan, 1987 and smce much of what it means to be a stdent

imvalves hemg molnhized. s hard 1o formulate questions about education
withm the hanew otk Indecd. swhile Latour relentlesshy treats scientific prac-
e as G comntracton, e takes the pracationer, the scentist, as o ginen

I s g~
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And there s an even more basie problem with an exclusively center-
outwidrd focus. From the center of an intersection things seem 1o come from
every direction, evervthing is How: from a distance, however, stable divisions
and routes beconie visible, Adopting the neraorkers center-based perspective
produces a neglect of issues such as class and gender domination, and the
reproduction and maintenance of power structures cof which my focus, the
prodiction of disciplinary practitioners, s a part). One result, as Donna Haraway
C1992) notes, is that in Latour’s work enduring cleavages in the social order are
gnored: “any consideration of matters like masculine suprenicy or racism or
imperialism or class structures are inadmissible” (p. 3320 T would be a mistake
to emphasize the thuidity of the world without noting that it flows at times in
verv deeply worn channels ™ Twill try 1o fit the actor-network” language. then,
with a more general geographical conception of knowledge construction that
allows for the existence of worn landscapes as well as flows,

To maintain this geographical interpretation and use it to look at discipli-
nary programs Ul make a distincetion between material” and srepresentational’
productions of space-time * This terminology is awkward — representations
thooks, prctures, eteor after alll are always material (Williams, 1977 and ma-
terial structures alwavs have semiotic properties — but it distinguishes be-
tween constructions of space and time that are relatively immobile (e, a
building) and those that are more mobile (o textbook or 4 body). Material
productions of space-time. 1 will argue, plaved a key role in enrolling students
mto the disciplines, while representational productions of space-time were
essential to the mobilization of practice and practitioners Gilthouglh 1 was just
the students whe were being mobilized — both textually and physically —
they themiselves were also beginning to participate in practices of constituting
and mobilizing the world distunctive to the particular disciplinesy. Tawill sketch
out how T would hhe to use these terms in the next iwo sections

Material Productions of Space-Time

No one should have ditfficulty wath the ddea that all activity has a spanal and
temporal organization that its spread across specific physical regions and has
aduraton, a pace., i rhythin. What may be dithicult is abandoning the physicalist
notion that space s merely a nanal” container of activity, and instead aceept-
mg the wdea that space is socially produced and contested  As Letebyre (1991
puts it

CSocib space is . Godiab product Spaee thus produced also serves

as a ool of thought and of acnon, . m addion 1o bemg 1 means ot
production s also a means ot control, and hence of domination, ot
power.vet  as sucho i eseapes mpart from those who would make
use of it (p 200
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The point isn't simply that portions of the environment are “built’, or that
matenal spaces shape and constrain ongoing practice, it is that spaces and
times themselves are produced and constituted through activity. Settings are
alwavs practiced’, as de Certeau (1984, p. 98) puts it: appropriated, reworked.
and given meaning by those acting in them and on them. People fashion and
refashion the temporal and spatial bounduaries that define an activity, who
belongs with whom engaging in it, and where and when it can happen. Far
from pre-ordained configurations of ‘ngture’. settings and boundaries are prod-
ucts and objects of social struggle.™

Even if we insist on retaining a conception of natural” or strictly “physical’
space outside human agencey, in the practical world such space is “disappear-
ing” (Lefebyvre, 1991 p. 300

The initial basis or foundation of social space is nature — natural or
physical space. Upon this basis are superimposed — in ways that
transtorm, supplant or even threaten to destrov it — successive strati-
ficd and tangled networks which, though alwavs material in form.
nevertheless have an existence bevond their materiality: paths, roads,
railw ays. telephone links, and so on. . .. Each network or sequence of
links — and thus cach space — serves exchanges and use in specific
wavs, Each is produced — and serves a purpose (pp. 102—403)."

Networks organize physical space as they produce and constitute the
material spaces of social practice: buldings. offices, tactories, and the channels
of communicatton and transportation that move through and across settings.
But ‘practice” itself is not reducible to the observable activities of individuals
in such local settings. Practice is distributed across the spaces and times it
produces so that social interactions’, “settings’, and “events’. are intersections
ol trajectories that tie together distant times and spaces and give thenn form as
social space. Managers in their offices interact diterally, not metaphorically),
with countless others they neter see or become aware of as individuals Phys-
1es students solving problems in groups late at night did not just interact with
once another, but with their professors (who were safely in bed at home), their
textbook authors toblivious to the students” existence), and the practicmg,
physicists scattered across the world whose works were reduced and simpli-
fied into the textbooks. This is the nature of interaction” in a world shaped by
disciplines, networks and multi-national organizations; where ‘face-to-fuce” in-
teractions are no longer strictly local events:

Once we start being concerned with the wav encounters are carried
on by thew pariapatng actors, it becomes dear that — even b it s
plainly bracketed, temporally and spatially — no strip of interaction
can be understood on its own . the forming and reforniing of en-
counters necessartly occurs across broader tracts of space than that
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involved in immediate contexts of face-to-face interaction (Giddens,
1983, p. 292)

Together, the networks that hind' (Giddens, 1981 large expanses of
physical space-time and the practices of actors moving through networked
settings create what Soja (1989) calls a socio-spatial dialecic’. This refers on
the one hand to the physical and material flows, transfers, and interactions
that oceur inand across’ those settings and embed them in networks stretching,
across space and time (Harvey, 1989, p. 2181, On the other hand the settings
themselves are the products of, te. they are constituted by, the movements of
people and things. In Soja’s (1989 words:

social tite must be seen as both space-forming and space-contingent,
4 producer and a product of spatiatity. The two-way relationship defines
— or perhaps, redefines — a socio-spatial dialectic which is simultan-
cously part of a spatio-temporal dialectic, a tense and contradiction-
filled interplay between lhc social production of geography and history
(p. 1201

Disciplinary power, in these terms, is about the production of space-
contingent social life at the expense of space-forming social practice — about
the stabihzation of a disciplinany spatiality and the routinization of activity
within that spatialization. As this implics, disaiplinany practice assumes. as de
Certeau (1989 puts it

A place that can be circumsceribed as proper (hroprey and thus sernve as
the basis for generating relations with an exterior distinet from it tcom-
petitors, adversaries, “clienteles’, targets’, or ‘objects” of researchy,
The proper” is a victory of space over time (p. xixo'

In fater chapters we shall see how the physics and management programs
create: boundaries between the disciplines and the word. But if it's easy 1o
conceptulize how disciplines use such boundaries to regutate the aceess of
‘outsiders’ iUs much more ditficult to see how people become sinsiders’. One
of the major goals of the Later chapters is to explicate the kinds of tanstorma-
tons required to spatiahize and temporalize people in the form of disciplinary
practitioners, to redistribute them as members of the disciplinan actor-network
within discrplinar boundaries.

Here is a preview: as sspace-contingent” ficlds of practice, physics and
management were unbike other programs tsuch as those in the liberal ansy in
that they were locanzed in speatfic regions on campus —— particular buildings,
classrooms and corrdors — and used organizationat guidehines ce.g . course-
tihing requurements) to channel students, taculty and textbooks into those
regions .and exclude students from other programs.

I the physes prograne this locdization of activity reached an extreme,

/-
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The program enclosed (physically) and compressed (socially) the spaces in
which students worked, and monopolized their time. By their third year in the
program most physics students were doing their work in small rooms with a
small and relatively stable group of peers, and they were devoting the vast
majority of their waking hours to physics work. The management program, by
contrast, routed students into a bounded but much more inclusive material
arena G large -business school building they shared with other business majors
in accounting, finance, ete.) in which many discrete settings (classrooms, cafet-
erias, study halls, mterview rooms) were loosely connected. The activities of
management majors were more diverse than those of physics majors tthey spent
less than half their time doing management work) and the students” time was
fragmented into short unrelated units (both within a given course and across
the longer durations of the term, the school year, and the degree program).

The other, “space-forming’, half of the dialectic was just as critical. Even
within the greedy space-time organization of the physics: program students
did. and in 4 way had to appropriate the spaces and times of the programs and
mold them to their own ends. Participation in small study groups, for example,
was a creative response to the pressures of the program (though not the
response of all students), that entuled the appropriation of classrooms and
corridors Late at night for student as opposed 1o departmental uses. On a
ditterent scale, management students regularly subverted the official pacing of
their program by taking their courses in different groupings and dittferent
times than the programs prescribed. Even in physies ¢where the number and
sequence of courses was rigidly defined) students had some discretion over
whether 1o take summier courses, how many courses 1o take cach semester,
and so forth

The product of this dialectic was a trajectory through the materiab spaces
of the programs that was. in both physies and nanagement. linked to the
formation of social networks among students and the creation of “distributed’
practices spread across groups of students and tools. it was along these trajec-
tories that students taking physics and management courses” began to change
into physics students” and managenment students’.

Representational Productions of Space-Time

Moving through the programs” material space-time, however, didn’t ke stu-
dents into disciplinary practitioners. The physics and management: programs
were obligatory passage pomts” for people seeking their ways into the disci:
phines. but the disciplines didnt exist iz the material spaces of the programs.
Corporate management” was not enacted in the business school, and under-
graduate physics students rarely did real physies” Instead TIE suggest that
disoiplinary practices were mobitized in-representations — the contents of
texthooks. lectures, and so forth — that Howed through the space-tmes of the
programs along with the students

/ & 2 )\,‘
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It may seem odd to speak of distant spaces and times being mobilized
and collected at certain points, or of certain kinds of spaces being created in
mobile representations, but consider: when we sit down and try to make sense
of notes, transeripts, diagrams, pictures, memories, or any other kind of “data’,
the settings where we ook our notes and pictures and the interactions that
produced our transcripts are no longer there, they have become distant from
us in time and space. Phenomena are never temporally and spatially co-present
with their representations: indeed. we do not know things as ‘phenomena’
until we inscribe them in some form that alfows us to consider them at some
spatio-temporal distance (cf. Haraway, 1988, p. 595). As Woolgar (1988) puts
it our representationat practices constitute objects:

The practical expression of, or reference to, a phenomenon both re-
creates and establishes anew the existence of the phenomenon. In
‘describing” a phenomenon, participants simuttancously render its out-
there-ness. ... The implications of isomorphism between textual organ-
ization and textual phenomenon are extremely important, Firsty. there
is no sense in which we can claim that the phenomenon .. has an
existence independent of its means of expression L Secondly, the
notion of isomorphism suggests . .. not only that there is no objedat
hevond discourse. but that the organization of discourse is the object.
Facis and objects in the world are inescapably textual constructions
Woolgar, 1988, p 73).

There is a similarity: here to Foucault's €1972) notion of a “discourse” —
those spractices that svstematically form the objedts of which they speak™ (p.
191 — but what I'm interested in includes not just discourses” in this sense but
Also the Jess disciplined” improvisatory and informal representational practices
of . in this case. students Inspeaking of representations as producing space-
~me, [ mean bothy that they functioned as “signs and significations” of distant
miterial spaces and practices (Harvey, 1989, po 2180 and that they were wians
of creating or formulating” spaces without familiar physical analogs,

The idest of representitions as signs or significations shoutd not he prob-

lematic, but mv concern here s not on what such representations are <o much
ds what they do They shape a space of pracoee by mobhilizing — in the form
of textbooks, cases, problems, equations, and ~o forth — physically distamt
disciplinary spaces tthe real world” of physies and management practice. or to
use Lave and Wenger < (1991 enms, the sites of “full participation” in the field
ol practice? so that they can be transported into - the educational spaces of
the physics and management programs As with anyv maobilization, ot conrse,
practice is subjected o a nemendous reduction: the educatonally sigmificant
potton of what renmuns, what moves s some pornon of the representational
technologies — mathenutical equations, physical s s ways of dressing, or
rittihzed forms of sociabiline. — that practitioners use to produce and act upon
the socnal space of the disapline To e a physterst or manager means becoming

19




Rnowledge in Motion

proficient at the use of these representational technologies to the point of
being able to move through and work upon spaces and times that are not
accessible to people outside the disciplines: spaces and times that are con-
Jructions of disciplinany practice. Thus, educational programs preparing students
for ficlds like physics and management — fields which consist in part of ways
of organizing space and time through representations — connect themselves
10 those fields by incorporating mobile elements of them (equations, texts,
machinery, ete) into programmatic activity in central ways.

This binding of educational programs to disciplinury networks is just one
manitestation of the disciplinary power constituted through representational
organizations of space. If we think of "power’ as the ability to shape action
across space and time (see Clegg, 1989 for distinctions among several
conceptualizations of this abilit), then systems of representation are core tech-

nologies of disciplinary power. "How to act at a distance on unfamiliar events,
plices and people?” Latour (1987 asks, and answers:

by somehow bringing home these events, places and people. How can
this be achieved, since they are distant? By inventing means that ()
render them mobile so that they:can be brought backs (by keep them
steble so that they can be moved back and forth without additional
distortion. corruption or decay., and (¢) are combinable so that what-
ever stuft they are made of. they can be cumulated. aggregated. or
shuftled like o pack of cards (p. 223, original emphasis).'!

When students took notes, worked problems, or analyvzed cases, they
were also mobilizing, moving and combining representations of disparate times
and spaces. They couldn’t ‘he in” courses that were distributed across multiple
spaces and fifteen weeks, but they could mobilize their course segments in
notes, combine them, and in 2 sense hold the courses in their hands and
review them as often as they liked, file them away and pull them out months
Later. or give them to friends

These practices were connected with those of disciplinary practitioners
hecause in creating such mobilizations of their courses, students used repre-
sentational tools — equations, ratios, case analyses, and so forth — similar to
those used in disciplinary practice by physicists and muznagers to mobilize
Tocal” events, move them through space-time and combine them with other
mobilizations In this sense their academic practice reproduced the disciplines’
coctl relations of power — what Dorothy Snuth (1987, p. %) calls the “extralocal
mode of ruling” in which “local actualities” are inscribed in “abstract” (mobile,
sable, and combinable? torms and transported o centers” such as laborato-
tes, corporate offices, or university departments where thev can be combined
into sets of authontative statements.

Fducational practices. as components of disciphnany space-tme networks,
thus e not siply conditioned by relations of power, they are constitutive of
them I the programs 1 studhed, students inserted themselves into: power
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relations both by representing experience in the ways of the discipline (so as
to become participants in the disciplinany accumulation cycle) and by repre-
senting themselves and their own experience in stable, mobile, and combin-
able forms (such as grudes and transcripts), that allowed that experience 1o be
trunsported to the disciplinary centers (the network nodes).

Reconstructing the Aims of Educational Studies

The 'geographical” view of knowledge and learing that I've sketched here
represents @ double break with the mainstream of educational studies. First, it
departs from the psychological conception of the “learner as a discrete entity,
an individual’ Instead it looks at actors as “distributed’, with shifting bound-
aries and compositions that spread across space as well as time:

What is an actor? Any element which bends space around itself. makes
other ¢lements dependent upon wself and tanslates their will into a
language of its own. An actor makes changes in the set of elements
and concepts habitually used to describe the social and natural worlds.
By stating what belongs o the past, and of what the future consists,
by defining what comes before and what comes atter. by building up
halance sheets, by drawing up chronologies. it imposes its own space
and time. It defines space and its organization, sizes and their meas-
ures, values and standards, the stukes and rales of the game — the
very existence of the game itself Or else it allows another, more
powerful than itselll 1o lay them down (Callon and Latour, 1981, p.
280)

students, all of us, are clements of distributed actors or actor-networks.
When students enter college and begin to move along trajectories that reor-
wanize them spatially and temporally as clements ot actor-networks such as
physics and management, the old divisions of “learning’, “disciplinany repro-
duction’, “curriculum processes’, “identity: construction” and so forth dissolve
into knowledge in motion.

Narratives of 4 unitary or segmentable actor moving through time (upon
wluch most of our notions ot “development” and learming depend) will no
fonger suffice People streteh out in many directions at once and intertwine
with other people and things distant from them As Betger (197 1) asserts:

s scareely any longer possible to tell a straight story sequentially
unfolding in ume  And this s beacuse we are too aware ot what s
continundly traversmg the stonvhine Liaerally Fhat s to say L instead of
bemg aware of 4 pomt as an mfinitely sondl part of o straight line, we
are awie of 1 as an mbaitely small part of an ifinite number of lines,

as the cenier of @ st of hnes Such awareness s the result of our
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constantly having to take into account the simultaneity and extension
of events and possiblities (p. +0).

If we're no longer talking about cognitively and socially discrete actors,
then we can get rid of the decontextualized “problems’ and “tasks” of cognitive
psvchology. If people are spatially as well as temporally distributed. then
students in classrooms (and people generally) aren't simply interacting with
the other people and objects physically present in the settings. They are also
interacting with all of the distant spaces and times that they carry with them
and that went into the constitution of those actors and objects. A “tusk™ or
‘course’. 1o borrow Rosaldo's (1989) characterization of ritual. is:

a busy intersection ... a place where a number of distinet social pro-
cesses intersect. The crossroads provide a space for distinet trgject-
ories to traverse, rather than containing them in complete encapsulated
form (p. 17

Each elemient of a setting such as a college class, textbooks as well as
people, are ‘mobilizations” of other spaces and times moving along trajectories
intersecting in the settings of the programs. Instead of specific tasks, problems,
or courses, the unit of analysis is the system or network of such elements
defined by the recurrent patterns of intersections of the various space-time
trajectories. Unique or rare intersections, althor:th common in everyday fife,
are of less interest for understanding constructions of knowledge, which pre-
sume organizations of space and time that bend trajectories across each other
on multiple occasions.

This suggests a second break that follows from the first. If people are
spatially and temporally distributed and courses are the fluid intersections of
clements stretching out across and moving through space and time, then the
problematic we have to nuke sense of is the network of relations that tie
things together in space and time: to understand what's going on in one
intersection we have to look at the mesh that connedts it to other intersections.
The logic or sense of an event or asetting can never be found entirely within
that setting and event. As Smith (1987) puts it

The evervday world is neither transparent nor obvious. Fundamental
o its organization for us m this form of society is that its inner
determinations are not discoverable within it The evervday world, the
world where people are Tocated as they hve, ocated bodily and in
that organization of their known world as one that begins from their
own location in it is generated s varietios by an orgamzation of
soctal relations that orgimate elsewhere’ The evervday world 1w
not Tully understindable within its own scope. [ is organized by
social telations not Tully apparent in it nor contained in it (pp. 91-92,
of . Ghddens, 19835, p 290
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These breaks detach us from the traditional questions of studies of edu-
cation and learning. Instead of focusing on the social forms of knowledge and
their acquisition, we're inquiring about the structure of networks, the ties that
bind theme and the nature of whatever it is that flows through them. In the
chapters that follow. then, my concerns are not the disciplines of physics or
management (see, e, Traweek, 1988; Jackall, 1989; Whitely, 198:6), nor am
I studying physics and management students Instead, t'm dealing with the
structure and articulation of the curriculyr networks in undergraduate physics
and management. and students” trajectories through them.

Notes

I Tragectornies” has been vanousiv used by sacal theorsts tAnselm Stravss, Anthony
Guddens, and othersy 1o desenibe patterns of change o development Although 1
uses the terme T shure de Cortean's CI98 0 reservauons

“Trajectony” suggests 4 movenient, but it also mvolves 2 plane projection,
4 tlattening out Ius atranscription A graph twhich the eve can master?
i~ substituted tor an operation. o hine which can be reversed Ge . read in
hoth directionsy does duty for an rreversible temporal series, atracmg for
QOIS (PP NVIHIE=NIX Y

Do Cenear’s remedy - spectal use of the very conmon terms strategy” and
Tacties -— seens awhward oo However, the sense i which Touse trajectone s
dose to de Certean s notion of - strategy”’

1 cateulus of force-relationships which becomes possible when a subyeat
of will and power [what T call Later “actor-netw orks | can be molated
from an environment” li.e . can ditterentiate spaces and bind them to-
pether mto center-peniphery mside -outside: relationshipsl. A strategy s
sumes g place that can be arcumseribed as proper € proprey and thus
serve as the basis for generaung relations with an extenor distinet from
ISR IANAY! :

Butsh and Scandanavian rescarchers didnt take such areductive or disnussive
stinee towdrds socil context and produced studies of how college students nter
pretand address tasks depending on the work contexts m which the tasks are
embedded. and how different study strategies are assocnited with different ficlds
and the tasks typeal of those fickds (Fniwistle and Ramsdden, 1982, Sakjo. 1981,
Marton and Svensson, 1979, Pask. 1970, Ramsden and Fntwastle, 1981 Even this
work, howeser, remams preoceupied with diserete mdividuals and ignores ¢liss
toonm processes and the socl organizaton of study and learnmg 1 have ated this
work from the 1970 and carly 19808 hecause it epresents some of the most
thoughttul rescearch that has been done on study in college I more recent work
however, some ol these researchers ated have begun o move towards the
Vvgotshaan perspeatin e discussed below e Marton, 1984, Saho and Wyndhanm,
1o
3 Inlus cntiue of some caties of cogninvism esachiman 1987, Coulter, 1984), Woolgar
CLOR™)Y pomts to the danger of merelv substitinng o socal for a cogminve meeh
Aansmep 325 tor expluning behaviour As Latour C1990) puts 1, Great divides’,
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such as the one bemween the mind and society. “do not provide any explanation.
but on the contrary are the things to be explained” (p 20). Although they oceasion-
ally see through these issues. some Vygotskians seem to become preoceupied
with questions of “mternalization” and the relationship between sinter- and “intra-
psvehologieal” processes te.g.. Newman. Grtfin and Cole. 1989), without seeing
that the inter intra distinction itselt’ is problematic and that internalization is an
issue only it one takes a static view of space and time as background conditions
through which autonomous individuals march. Lave €1988) and Lave and Wenger
(1991 do attempt to dissolve the divide. but as Twill explain later, I find elements
of their work problematic.

Vygotskians are not unaware of these issues. but they address them only in pass-
ing. and then in a vague and inadequate fashion Gsee. for example. the final
chapters in Lave, 1988, and Wertsch, 1985), or they attempt to reduce structural
aues 1o face-to-fiace encounters (see. for example, Engestrom’s discussion of the
Manhattan project (1987, pp. 267-"8). White and Siegal (1984 ¢come close 1o
attacking this problem directly. but end up embracing a modified version of ideas
from ecologival psychology. If anything, issues of spatiality and temporality. and
the linkages of poltical economy to situated activity that those issues highlight. are
receding further from view In her more recent work, for example. Lave (Lave and
Wenger. 19910, who at least acknowledged these sssues in her earlier work (Lave,
1988), is now focusing on despatialized “communitics of practice” which she and
Wenger treat as discrete and autonomous.

The use of the pronoun is tneky. As Haraway (1991 comments “You or T twhat-
ever problematic address these pronouns have) might be an individual for some
purposes. but not for others™ (p. 2106).

Compare these ideas to Bateson's (1972) discussion of ‘mind” as the distribut-d
unit of evolution. Bateson asks: “Suppose Tam a blind man, and T use a stick. T go
tap. ap. wp. Where do 7 start?” He argues:

the way to debneate the system s to draw the limitng ine m such away
that you do not cut any of these pathways in ways which leave things
inexplicable. 1 what you are trying to explain is 4 given picee of behav-
1our, such as the locomotion of the blind nun. then, for this purpose. you
will need the street. the stick. the man: the street. the stick. and so on.
round and round.

But when the blind man sits down to eat his Tunch. his stick and its
messages will no longer be relevant — f it is his cating that you want to
understand (p. 459).

As 1 read this, Bateson 1s saving that the distribution of mund s a4 construct
shaped by the analysts explanatony agenda. My argument is that distributed net-
work organizition s constitutive of knowledge and practice Bateson's argument
works because he treats the blind man as an object and ignores the socual relation-
ships m which the blind man particspates (e Smith. 1987). how are walking down
the street and eating lunch socially organized- How do such activities fit into the
blind man’s ongomg practices My .nm oan tis book is not toesplicate discrete
events but to look at students” ongomg practice as they move towards participation
m disaplinary networks, ana to understand how that practice is orgamzed in and
organtzes space-tme relations
Agan note the contrast with Lve and Wenger's €1991) idea of conmmunitics of
pracice as locrob learnimg ¢ contrast mv position with this one not because 1 fined
it weak, but on the contrany because 1t s compellmg). For them knowledge™ s
withn the communaty, 1 the actor-network framework knowledge s a0 power
Laden comstruction of actions upon an extenonzed world



Knowledye in Space and Time

8 Clegg (1989, 1 think. is responding to this problem on some level when he re-
works the actor-network concept in terms of what he calls (following DiMaggio
and Powell. 1983) ‘organizational fields'.

such fields exist only to the catent that they are an achievement of epis-
odic power in the institutional field. stabilizing relations of power between
orgianization agencies A, B3

sist. first. in constituting a refational fickd by “enrolling” other organiza-
tions and agencies: second. in the stabilizing” of a network of power
centrality, alliance and coalition among agencies within the field: third, in
the fixing” of common relations of meaning and membership among the
agencies within that fiekd, such that they are reflexively aware of their
constitution as a field (p. 225).

This may well be a better language for tatking about physics and management as
disciplines. but it doesn’t seem flexible enough o allow me to wlk about the
production of physicists and managers. Thus 1 retain Callon’s terminology.

This distinction is inspired by Harvey's (1989), and bears some similarity to Castells”
(1991 spaces of place” and “spaces of flow”. All of these distinctions are indebted
1o Lefebvres work €1991). However, what I mean by srepresentational organiza-
ton of space-time” is different than what Lefebyre (19910 calls sspaces of represen-
tation” or ‘representational spaces’. The former is:

conceptuatized space, the space of scientists, planners. urbanists, techno-
cratic subdividers and socal engineers ... all of whom identify what is
hved and what is perceived with what is concenved (p. 38).

Latter is:

space as directly fized through its associated images and symbols, and
henee the space of “inhabitants” and “users’, but also of some artists and
perhaps of those. such as a few writers and philosophers. who describe
and aspire to do no more than describe. . This s the dominated — und
hence passively eapenienced — space which the imagination seeks to
change and appropriate It overlays physical spuace. making symbolic use
of its objects (p. 39)

1 am not allogether sure that this distinetion can be sustained — 1in physies for
example, representations of space and represontational spaces Gspace pereeived
as opposed o imagined in Harvey's terms) seem to dovetail — buat insofar as it
can be my work here is probably concerned more with representations of space
than representational spaces. Inany event, my main interest is i how represen-
tational organizations of space ume are used to mobihize” the world and organize
Actors across space and time
Willis's €1981) study shows that in arenas of education sach as compulsory school-
ing. the material organization of space-time s an object of struggle The lads™ he
deseribes are contesting the material orgamization of space-time promutgated by
the school, and performatively constituting in its place the space-tine relations of
workmg class hfe ‘They don't organize a competng network ot representational
spaces’. however, and thus contmue to be mcorpatated into the schoal's iepresen
tational networks —- grades, examnmation scores, certificates, ¢te Advanang them
selves within the strictly local network. the lads” have tew resources for overconung
the friction of distance that separates them from the spaces of social power. They
are subjugated within the Lirger space-tnie networks hinked by representations
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Lefebvre ¢1991) shoutd not be taken as suggesting here that there s some pristine
empty’ space that has to be socahized through human practice:

The notion of a space which is at first empty, but is Later filled by a social
lite and modified by it also depends on [af hypothetical initial -puny,
identified as nature” and as a sort of ground zero of human reality. Empty
space in the sense of a mental or social void which facilitates the
socihzatuon of 1 not-yet-social realm is actually merely a representation
of space ... OF an actual historically generated space. however, it would
be more accurate to say that it plaved a socializing role by means ot a
multiphcity of networksy than that 1 waas itsell” socualized (pp. 1901,

Lave's (19881 distinction between arenas’ — durably organized setungs not di-
rectly negotiable by the mdividual — and ssettings’ — the individual's pegssonally
edited version of the arena tpp. 150-1) — could have some bearing here Gal-
though the distinction is too static and reminiscent of the cognitive psyehologist's
tisk environment probleny space’ distinctiony, Unfortunately, Lave €1988) gives a
physicalist slant 1o her comments on arenas” (following Barker's ecological pay-
chologyy and in practice 1ignores then, refusing 1o trace out the connections be-
meen grocery shopping and production networks. marketing svstems. fannly-work
structure and the mvriad other connecting networks, Lave and Wenger €(1991) drop
the whole muatter altogether and make few connections to Lave 1988y — appur-
ently seemng no use for the conceptudl apparatus developed 1o describe grocery
shoppmg in their discussion of learning in apprenticeships.

Letebvre 191 articulates o smular but more gencralized view of the modern state
as 4 spatializing endity:

Ihe state s consolidatimg on a world scale. Tt weighs down on socdiety
ton all societies i full foree: it plans and orgamizes society rationally”
with the help of knowledge and wechnology, imposing analogous. it not
homologous. medsures irrespective of political deology. historical back-
ground, or the class origins of those in power. The state crushes time by
reducing differences o repetitions or circularities cdubbed -equilibriuny’,
feedback”. self-regulation’, and ~o ony Space i its Hegelian form comes
hack into its own. This modern state promotes and imposes itself as the
. stable center — definovely — of thationab) socicties and spaces (p. 233,
Like de Certeau. Letebvre s caretul to emphusize resistances to this state of atfairs
— statesimposed normaliy makes permanent trnsgression nevitable” (p.o 230 My
pomt s merely that disaphniny power and state power share a smifar spatial
underpimning
De Certeau 198 makes o very smular argument

the saenufic method reguires adelmutation and simplificanon of its
abjects L there corresponds o the constitation ot asaentfic space. as
the precondion of any analysisc the necessiy of being able o transfer
the objedts of study mtoat Onlv what can be transported can be treated
What cannot be uprooted remains by definiton outside the fickl of re-
search Henee the privilege that these studies accond 1o discotases, the
data that can mosd casthe be grasped. iecarded. transported. and exam
med m secure places © OF the practees themselves, science swall retun
onlv movable clements or desenptive schenuts leaving aside the
aspects oL sodety that cannot be so uprooted and tansterted to another
space (p 2o
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De Certeau and Latour, of course. are looking at this process from opposite per-
spectives: Latour from inside the faboratory (the only exception being Part 11 of
Latour, 1988), de Certeau from outside. '

15 stability’, ‘mobility. and ‘combinability” are of course defined in terms of an actor-
network: they are accomplishments, not essences within entities. 1t takes an clabo-
rae system to constitute textual forms as stable, mobile and combinable tas in
physics) — and it doesn't alwavs work (as in the management program)

In thus connection. the emphasis here on writing and printed text requires
some commient. As 4 number of commentators have pointed out (Marcus, 1991,
pp 401=2) svstems of electronie commuunication have introduced radical changes
into the organizaton of communication and work in ficlds such as phvsics. and the
prnted text has dechined in importance as a technology for organizing the disci-
phine across space and time. Some, like Poster (1990 make radical claims for the
reorganizatons of space and time that follow from the new technologies: Poster
suggests that electronic communication networks have no space tme coordinates:
‘electronic language . is evervwhere and nowhere. alwavs and never. It is truly
material immaterial” (p. 83 One would think that computer hook-ups nuterially
orgamzed across space and umie will continue to be necessarv, but in any event

I merely clamm that i undergraduate educational practice — at least in the mid-

19805 at the unversity where T was working — writing and print retned domi-

nance. Even in the very few cases where computer programs were used (e.g. the

sunulition games in business programs) they functioned as analogs of printed test.

That is. thev Tacked channel-distinetive properties or effects.
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Chapter 2

Producing Material Space-Time and
Constructing Students in Physics

Myointerest in spatial issues grew partly out of mv fieldwork. The fellowship
that funded this study didn't allow the university to take overhead money, so
I was forced o make do without an office, a mailbox, or a storage locker. To
do the ficldwork [ had to borrow university spaces to write, read, and conduct
interviews in during the day. 1 could read and write in a lot of places, but
when [ made interview appointments with students we had to arrange 1o meet
somewhere on the campus — [ asked the students to suggest places — and
then find a place to tatk.

After a while it dawned on me that when students suggested possible
mecting places for the interviews Twas getting a glimpse of what the urban
planner Kevin Lynch (19600 would call their tenvironmental images’ of the
campus — a list of the places where they spent time, worked. studied, or just
places they considered significant public landmiarks., With most students, it
seemed, these images were idiosvneratic,. My mectings with management,
ceducation. and sociology students were scattered all over the place: many in
the student union, others in bars. cafeterias, at the library, at the tennis couns,
in hallwavs, stainweldls, lounges, and even some outdoors My meetings with
physics students, however, were always in one place: the physics building, an
architecturally austere, 15-story structure set apart from the rest of the campus.

I thought this building an unwelcoming place. During the davtime it had
no quict corners or unclaimed spaces for sitting, talking or writing, There were
no spaces for students to congregate in or appropriate for their own uses.
Aside from classrooms on the fisst two floors and a small, cerily quict library
that alwavs seemed to be crowded with desperate freshmen cramming for tests,
the majority of building space — essentially all of the upper tloors controtied
by the physics department — was taken up by faculty offices and laboratories.

These were professional workspaces which students avoided and where,
in fact, they seemed unwelcome. Most students told stories of abusive treat-
ment when they went to professors for help, and by their third vear few even
hothered to iy Inany event, it wasn't all that casy to find professors, Few put
thenr names on doors or indieated office hours The ditectory on the ground
flooar was quite inaccurate. It vou did catehy w faculty member in his office. vou
had to wait to sce them in halls emipty of chairs or benches, leaning on the
w.all or siting on the floor

~)(H‘
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Producing Material Space-Time and Constructing Students in Physics

And yet, this building was the center of the academic and social universe
for students majoring in physics. It dominated their environmental image of
the campus. Third- and fourth-year physics students spent almost all their time
there. Rwas where they socialized and worked, and where they wanted to
meet me, even though we always had trouble finding a phace to talk.

This paradoxical role of the building in the students’ lives — the way it
marginalized them while they treated it as their center — makes more sense
if we think of the building as a material space.moving in time. Consider the
one area in the building ceded to undergraduate activity: a corner of a corridor
near the departmental offices where there were three large tables with folding
chairs, and next to them movable chatk boards. During the day these tables
belonged to engineering students in the introductory physics and engineering
courses who came for help with their homework. Late at night, however, they
became the property of the physics majors. As Arnold, a senjor, explained. the
tables were surrounded by non-majors looking for help [from graduate assist-
ants] during the day’. But ‘at midnight or two o'clock in the morning’ the tables
were taken over by juniors and seniors. Several fourth-year physics students,
like Alice, said this corner was where they spent their nights: “on the third
floor, where all those physics help tables are. There are quite a few people
who study there.” Other students tatked of appropriating the then-empty class-
rooms as night-time workspuces.

While management students could manipulate or negotiate program re-
quirements to make them fitin with other interests, the physics program seemed
successfully 1o suppress its students’” non-physics interests (or to nuke stu-
dents pay for them by extending their sty in college and lowering their grades).
When ©interviewed Alice in an upper hathway of the physics building she
talked about her love of literature and other things unrelated o physics:

My biggest literature intetest is in modern poetry, modern American
poctry. Eliot and Frost, Corso and Ginsburg, all the Beat poets.. ]
read Vogue in my spare time, too, T like to sew my own clothes so
like 1o copy patterns out of there. . T listen to jazz, T listen to folk
music. 1 play the clarinet, and have really stopped playing with any
group right now, but Lhave just always had a real fondness for music.

But shie atmost never did those thinga. Alice spent. by her estimate, “eighteen
hours a day’, in the physics building, going to class, domg homework prob-
tems, studying, When T asked her it that was an exaggeration she answered:

When I'm not sick and bebind 1 spend — 1 Tave classes here all
morning. 1 have classes all morning somewhere, and T spend the

alternoons here And sometianes at night T study here

Although Alice's cighteen hours may have been extreme, all of the phys
s students seemed to be putting in deadly hours at the physices buildmg, and
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for some like Arnold there was no escape even when they left: T live with a
lot of physics majors, so at home is going to be a group studving around the
table situation as well!

Along with this spatial localization of students there was a particular
patterning of time and a narrowing of student interests. To see how the pro-
gram accomplished these things T am going to look at how the material organ-
ization of space-time produced by the program funnelled students into a small
physical 7zone — those few floors of the physics building — and into the
temporal regime that claimed the vast majority of their waking hours, What I'll
try to describe in this chapter is how this ‘compression’ of space-time (Harvey,
1989) separated physics majors from other students and melded them into
study groups (consisting of people. texts, and tools) that worked homework
problems and prepared for tests. To belong to one of these groups meant in
essence becoming enrolled in an actor-network that connected students to the
disciplinary network of physics. In the next chapter 1 will look at how the
representational organization of space-time in the program — representations of
space on paper and representational spaces produced in texts — strengthened
this albeit still loose) connection of students™ activity to the social space of
physics practice itself.

Standardizing Space

In prestigious physics departments its the giaduate programs that receive
most attention: they compete with other physics programis for prestige — the
graduate program of the department T studied was ranked in the top twenty
natonally in terms of faculty reputation. CJones, Lindzey and Coggeshall, 19823
— and, according to the department head, the graduate programs have prior
claim on the “better” professors. By contrast, undergraduate programs tike the
one 1 studied were seen maindy as places to prepare students for graduate
school twhich is not to say that all of the students actually ended up there).

In spite of their secondary status, undergraduate programs play a key role
in physics education. Nationally, graduate programs in physics depend almost
exclusively on undergraduate physics programs for their students and serve as
the mugor ‘market” for such students (see AIP, 1988b, Porter and Czujko, 1980,
p. 721 This dependence has led o a kind of colonization of undergraduate
physics, a pressure to standardize the undergraduate carriculunm so that students
entenng graduate schools can be assumed to possess the same level of traiming
regardless ot the undergraduate program in which they studied. This pressure,
coupled with the growing national dominance of a relatively small group o
graduate physics depariments in the post-World War 1T persod.” had by the
1060« produced a natonal standard for the number and tvpe of cotses con
sidered appropriate in undergraduate programs (Phyvsics Survey Comnuttee,
1072 "6
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Producing Matevial Space-Time and Constricting Studdents in Physics

The minimal four-year undergraduate program of instruction tor 2
physics nxjor at the four institutions surveyed [Berkeley, MIT. Columbia,
Swarthmore] contums an average of forty-three semester-hours of
physics, nincteen semester-hours of mathematics, and nine semester-
hours of chemistry. (Nationally, the undergraduate preparation for
graduate work in physics requires around thirty-six-hours of physics
and cighteen semester-hours of matheniaties.) (International Union of
Pure and Applied Physics, 1960, p. 77

The physics department T studied had modelled its course-taking require-
ments after this nattonal pattern — in 1980 undergraduate majors were re-
quired 1o take @ minimum of forty hours i physics twenty-four in math, and
cight i chemistny — 1o nake its graduates interchangeable with graduates of
other respected undergraduate programs across the nation. The sequence in
which the courses could be taken also became standardized By the carly
10708 it beg .o with

an introductors course covering the full range of phvsics, now alwavs
includmg calcutus and extending over a period of one 10 two
vears . The dominant curricular progression in the junior and sen-
1or vears embodies a more or less canonical sequence ol courses that
deal i greater depth with special areas of physics. Thus, most of the
topies are repeated. but this ume with the use of differential equa-
tons, computer programs, and some reference 1o current research
Such @ sequence ol courses typreally includes classical mechanics,
clectrcity and magnetisni, optics, thermal physies., clectronics, and
quantum phivsies (Physics Survey Commiittee, 1972, pp. 02, TOAY

{tonund this basic pattern m the program T studied some fitteen sears later —
the nmugor difterences being that elearonics had become an optional course
and 2 full tour courses were devoted to various aspects of quantum mechanics
tsee Appendix 1e

“This national standardization of program structure played a ey 1ole in
disciphnany reproduction by makimg it possible to overconwe the geographical
separation of undergradiuate programs and fink them together tightly, merging
thent m o sense, m textual space. From the perspective of the discipline this
hnk:ge homogenized and stabilized the supply of personnel destined for gradu-
Ale programs (where people hegin to engage in the real work™ of physics),
and niade 1t possible for programs saattered across the country to commun-
icate quickly

i follows however, that with such atight standardization of carriculum,
the problemaazaton or defimuon of allowableadentiies and interests that the
program constructed for undergraduste phvsics students was very narow, and
thete were enomous presstires to exclude students who could not adopt the
appropiate wentties As Tsaid carlier, students were expected o go on Lo
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graduate school in the field. and from there to careers as professional physi-
cists. If that wasn't what they had in mind, one professor explained, ‘they're
making a mistake [majoring in physicsl. They should be in engineering.” All of
the students T interviewed said simitar things.

The undergraduate program can be understood, then, not as a site for the
infusion of physics knowledge into students' heads, but as a path Gtself com-
posed of many intersections) shaping a lock-step trajectory through a curric-
ulum that restricted students” activities to a small set of material spaces dominated
by the discipline. The end product was a highly restrictive social space that tied
together practices spread across great physical distances.

Weeding Out Students

This space-compressing trajectory began even before students entered college.
High school physics and caleulus courses were necessary prerequisites for
pursiing physics in college: the vast majority of undergraduate physics majors
nationally were drawn from these courses, and 90 per cent of entering gradu-
ate physics students had passed through them (Porter and Czujko, 1986, p.
Th This tght linkage was an historical construction. Post-Sputnik concerns
over the quality of science education had allowed faculty to boost the sophis-
tication” of their undergraduwate courses, which mn turn demanded the creation
of a highly selective svstem for funnelling the “brightest” students into the field.
As one professor explained, in the early 1900s:

There wasn't enough modermn physics [in the undergraduate curric-
uluml it was almost entirely classical physics in those dayvs And people
thought that with such bright students at the undergraduate tevel we
ought to be giving them graduate material. . This was o national
movement We introduced {the Introductory Mechanies] . .. designed
for physics majors, which required at least one semester of caleulus.

Increasing the complexity and ditficulty of the undergraduate curricutum
meant restructuring high school math and science curricula so that, in effect,
they became downward extensions of the university curricutum (Patlrand and
Lindenfeld, 1983 po 46y Since the introductory university physics courses
required cadeutus preparation and presumed at teast some familiarity: with
physics concepts. high school courses in these areas became the crineal gate-
wavs into the spaces of the discipline.

Students” chances of taking such courses were determined Largely by where
they weni to high school students at suburban schools with predommantly
white student populations were more hhely to have tihen such couses than
students from schools with Lirge poor or nunority student poputations AP,
1985310 When physics courses were availiable at the poorer schools they were
generathy of inferior quality (Sweet, 1988, p. 91

‘
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Even by high school, then, the spaces of physics education were hughly
restricted and, not incidentally, gendered. Only 19 per cent of high school
seniors ook physics in the carly 1980s — 26 per cent of the boys and 14 per
cent of the girls; and only 8 per cent ook the calceulus required of beginning
physics majors — 10 per cent of the boys, 6 per cent of the girls (Raizen and
Jones, 1985, p. 98).* The results are programs, like the one 1 studied, where 90
per cent of the students were male, the vast majority from middle or upper-
middle class suburban schools, and almost all white,

Moving from high school to the university just intensified these space- and
socially-compressing forces. First-year physics students began their academic
careers in classrooms and dormitories shared with students in other programs,
but by their third vear their academic activities were localized in the physics
building. Along the way the range of their social contacts at the university
murowed and their time was organized into tight schedules dominated by
physics work. This compression of space-time was set in motion by organiza-
tional mechanisms designed to winnow the number of students majoring in
the field.

The lower division course sequence — introductory mechanics, introduc-
tory clectromagnetism, and waves — was, in the words of one protessor,
‘designed to weed out students, 10s used by the college. T would say of the
prople that register, about 25 per cent fail.” Courses designed o flunk large
numbers of students are not uncommon in higher education, of course, though
their function varies across disciplines. Hacker (19891, for example. points o
the practice in engineering programs of simply suppressing the supply of
gracduates. She quotes one professor as saving 1o his students that 90 per cent
of vou would make good engineers, but only 40 10 50 per cent will graduate”
(p. +2). The attitudes of faculty in the physics program T studied were fess
cvnical: instead of restricting production they thought of themselves as simply
dlismissing the students who lacked the skills and commitment to study phvsics
Physics professors boasted about the high failure rate and said it was a natural
teature of physics programs:

Generally in any physics course about 30 per cent of the class will fail,
unless it's an upper division course tor physics majors where there's
already been some weeding out But if the course is taught at the
same level consistently, 30 per cent of the class will flunk. T don't
know why that is. It's independent of the teacher. its independent of
the textbook, s independent of anyvthing, Weve discussed it a ot
among ourselves. It seems that you just keep building the complexity
ot the material and yvou eventually reach a point where everybody but
the people swho really can become physicists give up. And it seems to
be ndependent of how far you go- A guy can be a physics major and
take five physics courses and then all of o sudden he flunks . We
grade rather leniently otherwise evervone would tlunk. So if sone-
hody who nithes a0 C or B might be making tess than 50 per cent of
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their work. And so iU's not surprising that sooner or later hie reaches
a point where he flunks,

The leniency” in grading. as the professor put it, meant curving' the
grade. defining the mean score as - Cor "B and awarding grades above and
Delow that in terms of their distance in standard deviations from the mean. OF
course, this produces a distribution in which about 30 per cent of students
must flunk out. As students recognized. grades and learning were not closely
Cconnected:

All physies gradimg is done on a, vou know, normualized type system,
where the average grade is usually a high Cor alow B. ... The aver-
age grade on one test T ook was a 320 .. One person was i the 40s,
one was in the S0s, one was in the 00s and one was in the T0s.
Probably two-thirds of the grades were in the 208 00 And <o the
protessor comes along and normalizes and savs, okay, everybody who
nuede up to 200 gets a G20 to 35 gets a B, and evervone above that
wets an A And so maybe that's an mdicauon that the 1est was 100
tough, or that the protessor’s not teaching the material well, or tha
none of us give aerap — something like that — buat stll e just ends
up that the grades are given on how well the class does. . L 1Us very
possible that no one could be Tearning anvthmg and vet vou sdll get
people with As and Bs and Cs and Ds L (Luken

The weedmyg out” accomplished by such grading practices meant that
onlv . minonty of the students who began the progran as treslimen made it
to the third vear. As one professor put it

The treshmen and sophomaore classes alwavs Al up: but by the time
vou get to the first juror class we're ighting for ten students . owere
just on the verge ol not having enouagh undergraduates to teach upper
Jdivision undergraduate courses 8 Marken

The social space of the program imploded  Students who survived began
to descrbe the selectivity of the progrant with g pride that quotations like this
ONe GIE QUITE Convey

The physics undergraduate department is small, T dont know how
num stadents we graduate cache vear, thirty, something ke that, at
the most 10s not . big number. ever, T mean, it decayvs exponentially,
the number of people i phvsics, it reallv goes down, especaliy the
fist o vears CAliced '

As Traweekh (1988 saggests, the students who sarvived this wmnowing
Dogan tosee themselves as pait of -an estremedy restricted commumin (p, 78)

»
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of clite students in elite institutions. At the same time, however, their sub-
ordinate status in that community was forcefully communicated 1o them. The
physics program had a boot-camp mentality, an equation of learning with
suftering. Even ssuccessful” students occasionally felt overwhelmed by the work
and could get bad’ grades. If we ignore the vast njority who got weeded out
and ook at all the students who successtully completed degree programs in
physics over a one year period. 29 per cent actually failed at least one physics
course. and many others had “withdrawn’ from physics courses, presunmably
for academic reasons None of the management graduates whose transeripts 1
examined. by contrast, had failed a management class.”

Temporal and Spatial Boundarics

The physics programs began 1o monopolize student time from the freshman
vear onward Inthe very first physies course students were typically required
1o do large, weekly -problem sets” In theory the homework was suppx sed to
supplemen other forms of study . As one professor warned in his svllabus for

mtroductory mechanies:

You are hidding voursell if you don’t put in about three hours of study
tme tor every hour spent in class, not counting time spent on home-
work Study with the am of understanding, memornization is worthless.

Stucdents, however, desenibed homework problems in the introductory
COtrses (s ~o tme-consuming that they had litde ume for other Kinds of study.
Lem, for example. recalled that

One of the thimgs vou get out of your early classes is you get used to
domg 4 1ot of homework. That may sound kind of funny . and it is., but
s true T mean. when I was in high school 1 whipped through home:
work in five nunutes towards the end of class and T never had home
work m high school hecause T do it nght then oo so when 1 got
here B wasnt used to hhe spending most of the night doing problems
and geting three or tour hours sleep And the massive quantities of
homework they tend o give you m initial classes teaches you thit
voure gomg o have to do thae sy up all mght waorking). f not
through ditficulty then just through sheer volume.

1t should be undersiood that the homework problenis were just one of the
work-mtensive reguirements students faced. they boasted of crushimg work
loads Once tor example, as 1 prepared to leave astidy gromp session e sund
nudnight -t had begun about 9 80 pmand was sull stomg strong with «ix
students present), Glen mentioned that he hadnt slept the night before be-
canse hed been studying toratest Laarie responded with alitany of her own
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study requirements: after her physics lab earlier in the day she'd spent two
hours studying rocks for a geology test before coming to this study session,
and on top of that she had a1 German test coming up which she wouldn't be
able to study for at all. not to mention the study that wordd be required for a
vector caleulus test later this day.

The inclasticity of time created by this kind of schedule and by the tight
pacing of work within physics courses, meant that falling behind almost always
led to failure:

Last semester, for my first quantum test, 1 studied for approximately
two weeks. That's about cight hours a day. That's fourteen days at
cight hours a day, and I still made a middle D on that. The bottom line
is that you just have to stay very on top. And as soon as you lose that
on-top feeling and position, you're really sunk. Because it's almost
impossible to regain an on-top position once vou're behind (Paul).

For the students who survived these trigls-by-time in the introductory
courses and remained in the program, physics became an even more time-
greedy, enveloping major.® By their third year, almost all student coursework
wis in physics and math, in required courses strictly sequenced by prerequi-
sites. This concentration of coursework, and the problem-heavy nature of those
courses, created Cinteressements” in the form of temporal streams or bound-
aries that separated physics students from other actor-networks into which
they might be enrolled (e.g., traternities, sororities, ete.). When other networks
did prevail, as in the case of two students Tinterviewed., enrolment in physics
wits forestalled. One of those students, Melvin, spent most of his time outside
class with relatives who lived in the area:

I don't have really very many close university friends. 1 have nephews
and nieces who are near my age, and 1 have two sisters here. My
parents are hiere right now. And most of my socializing, 1 guess, is
done with them.

Without fricnds among the other physics students Melvin worked atone,
failed several phivsics courses, and ultimately abandoned his plans for gradu-
ate school. In the case of the other student, Luke, it wasn't refatives but a
fraternity hie'd joined prior to his freshman vear that monopolized his time,
He did all right in the introductory physics courses which covered material
familiar from high school, but quickly encountered problems with the upper
dnvision coursework:

Second semester wais the first physics chsscand 1 did real well in that
— but I'm sure that's because Fd had two years of 1t in high school,
And the same kind of thing happened with my sophomore year, taking
the other two lower division physics classes. 1 didnt do as well, just
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hecause the staff we'd had in high school wasn't quite up to the same
level, but still 1 spent almost no time doing it, I spent a lot of time at
the fraternity. And so my grades started to go down, and by the time
second semester sophomore year hit they were pretty low, and T'd
managed 10 destroy a pretty good GPA. And then first semester junior
year was rock bottom. That was the end of it. And 1 kind of got an
chimatum from home and that type of thing. . . . 1 just did not have the
study skills that it wkes, the daily grind type of thing. 1 had no idea
what it took to do that. And I would try 10 do the homework the night
before, by myself, and T would just get frustrated because | couldn
do the first one, so I'd blow it off. Then Fd have no idea what was
happening on the test.

After faling some upper-division physics courses he switched his major to
secondary school science education.

Unlike the management students Il deseribe later, who cultivated local
tics outside the university to gain practical experience and develop contacts
with potential employers, physics students did beuer if they avoided local ties
teven to the department: there was an expectation they'd go elsewhere for
graduate schoob). Theit enrolment in physics, then, was the product of a struggle
among actor-networks (programs, families, fraternities) in which material organ-
izations of space-time, in particular temporal and spatial boundaries, played a
entical role in organizing bodies. Bob, for example, compared physics o his
other courses, and explained that the later were:

a ot casier. So that changes vour whole attitude towards it .. if you
put more than five hours into it, or even if you put that much tinie into
. that's the most you could ever think of putting mto it. And in a
fot of the physics classes 1 took, you would be putting in problem-
colvig and studying and reading — but mainly in problem-solving.
vou'd be putting in anywhere from, ah, nine to twventy hours @ week.
There was one semester where we counted up the hours that we had
been working out of class, in physics. and it was, it averaged out o
over twenty hours a week Most of it was problem-solving. And with
the other classes that vou take, unless you're ina math class, .. there’s
not really any problemssolving  And the only thing that you really
have to keep up with s reading. And you might have to write an
occasiona! paper, but that wasn't difficult They're mainly st com-
paring things

Alice gave a4 bicakdown of how that kind of time wis spent
Oh. fyou spend the greatest amount of time ond the physics, by far.

you spend for cach phvsics class probably seven, cight hours on a
homework designment cach week. And that's over and above studving,
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for tests. It doesn't include any of that kind of work or going over
chapters or rewriting notes. It takes me a long time to do a physics
homework assignment. . .. Working problems either for homework or
for just practice, to learn the material

Required physics and math courses accounted for over half the physies
students” total undergraduate coursework and almost alt of their upper-
division coursework. The courses cotonized the students™ time outside of class
and focused it in a specific material setting. Students spoke not just of spend-
ing all their time on physics but, as we saw at the outset of the chapter. of
spending it in a retatively small set of locales. The curriculum sabilized students’
identities as physicists” by creating space-time barriers that cut them off from
alternative networks. The result was a distinctive socio-academic mechanism
of enrolment” in physics — a way of stabilizing dentities as physics students
through alliances: the study groups,

Study Groups

When | began my ficldwork myv notion of problem-solving in physics was
shaped by the classic cognitive science studies of “expert” and novice” problem-
solving i physics Gsee Nespor, 1990a) These stadies desceribe probleme-solving
as somethiyg that happens in the head, or at most in an encounter between
the head and a pencil and paper. For some reason, probably because I'd gone
through college working mostly by myself, T easily aceepted the idea of study
and learning as an individual encounter with subject matter’. Then the first
physics student Fmterviewed, Armold. disabused me of this idea by explaining
that most of the staudents in the program studied collaboratively in groups. 1
praduadly abandoned myv collection of “think atoud” protocols 1 = oblem-
solving and instead began to talk 1o students about the groupe aed st in on
group meetings when I could.

Although T saw one professor encourage students 1o v ors o cther, the
study groups Tsaw were student intiated and organized. The groups emerged
mn different wavs, Liz, a sophomore just beginning 1o work in groups, ex-
plained the genesis of her group this way.

There's a group of us that are fricnds. We had Intro Chemistry to
gether, some of us were i mechanics together, some of us were in
E&M together And it happens that we all have this class together, <o
we get together Some of the people there are added — 1 guess vou
could consider them part of the core group now, because theyre in
other dasses were m now Sothey know we're studvimg and they
come along and study

Nespor b, did your bare stidv gronpy hie that in mechanics and
ECAL or did vou do problems with other people?
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Not in miechianics. Mechanics we weren't — well a lot of those people
weren't in my mechanics class, and the ones that were, we weren’t
that close vet, to get together and studs - Yome of thens did separately,
but 1 didnt with thenm AL in E&M. we — had some study groups,
mostly before tests though, not every week to do the homework. This
is the first time we've really had a set tme and plice that evervone
goes 1o every week to do the homework

Regardless of the path, by their third year in the program most physics
students had settled into a routine of collaborative work. As Liz’s comments
suggest, most of this work focused on homework problems, and for several
reasons, the problems can been seen as a niajor determinant of the study-
group fornuat.

First, mstruction throughout the physics curriculum revolved around
ets of homework problems, assigned weekly, that led o mid-terms and final
tests. This problem work gave a cyctical, weekly rhythm o students” activity.
Second, the Targe number of required courses students ook together, the
segquenaing of these courses l)_\' prerequisies, and the weeding out” practices
deseribed cartier. meant that by the beginning of the third vear (the Classical
Dynamics and Modern Physics courses) classes were small tabout twenty
students) and students were interacting with the same classmates from cliass
to chass: T mean. vou coubd say we form a new group for every class, but

there's the same people in every class” CAlice) 0s vintually the same [group of
students] class every time’ (Karb.

Finally. once the poputation had been compressed this way any com-
petitiveness that might have been produced by the strong exclusionary pres-
sures 1 the cardy courses was replaced by i logic of cooperation. Students
talhed of working together as @ necessity for sunvival in the progrim, and the
evidence, m terms of the kinds of grades they mude, supports that ckim. Glen.,
for example, said that while he

could probably do the homework by myself, Tdon't think T would get
15 good o grade, and Tdont thmk Ud get as much out ol Because
I get other peoples viewpoints T may look ata problem and i o
e 1t out with o way that's real real difficalt And T may get the
answer But somebods else niy say look, this s a ot casier method
tordo it or this is ot casier way to fook at 7 And ot really helps And
alo vou can help other people with your knowledge And not only
does that help them, e helps vou I you can explain it and learn how
to explan it to somebody elset st so mnuch remtforces vour own
know ledge And Trealls thimk that that's & good way 1o doat Get with
A bunch of people tGlen

The physics students Thntenviesed considered their testbooks opaque.
then lectures honmg glosses on the hook . and, with o few exceptions, ther

R




Knowledee in Motion

faculty aloot. Several, when 1 asked them about going 1o professors for help.
told me an anccdote about asking professors for help with a problem and
being told something like: T did this twenty vears ago, [ don't need o do the
homew ork” CMelvin or cand Paul's referring to a different professor than Melvin:

[ went to him one time and [ said, swell, 'm having a hard time with
this probleni.” He looked at me and said, well, [solved it twenty years
ago, now it's vour turn.” What a jerk (Paub.

For us these comments are nice illustrations of the stability and standzard-
ization of the curriculum across tme and space. For the students they were

emblematic of the way the program placed interpretive responsibility on their
shoulders. In this context. study groups were a way for students to construct
@ supportive environmient. As Arnold explained:

We all depend on cach other from cliss to class. These tables up here
on the fitth floor, although they are surrounded by non-majors look-
ing tor help during the day. If vou come up here at midnight or two
o’clock in the morning and there's a group of us trving to do these
problems. A couple of ditferent years represented, the older years
helping the vounger yvears. There's a lot of that,

Yorking in groups helped students discipline themselves 1o the long hours
required in the programe Armold spoke of how he and his group paitners
Torced cach other o study”. But the group work sessions were also social
occasions that made the work bearable and occasionally tun: full of joking,
jockeyving tor status, and conversations that sometimes digressed far from the
academic tasks. By the students” own accounts, the many hours they spent
together in and out of classes and in the study groups created close friend-
ships among group members and locked them into friendship networks that
excluded non-physics students tthe women, for reasons [ explore shortly,
were exceptions, having friends unconnected to physics in addition o a core
of physics friends).

Bob's account iltustrates the tajectory of students” involvement in the
groups. He transferred into the program from another university in his second
vear and at fiest had been socially unconnected. He explained:

Basically what I'd do, it 1 knew anvone in the class, then, T'd just ask
them it they wanted to get together and study sometime on this stoff
And we mainly worked on homework and we reviewed some for the
tests, but ab it T didnt know anvone speaifteatly ) tien T would just
kind of take pot tuck, and mavbe the people who were sitting around
me, or someone who seemed like they ashed a ot of questions in
class and knew what was gomg on, Fd see it they wanted 1o study
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Ulumately Bob became part of a stable study group. and the members of
the group became his close friends.

Since there's i core set of courses, you usually go through them at the
same time. There turned out 1o be some courses that you weren't
taking with vour other friends, depending on how they wranged their
schedules it was sometimes difterent, but usually there was at least
one person in vour class that you had been in a class with before. -1
studied tor maybe a year to two years with just the same people ... you
get to be real comfortable around them and vou get to know them
very welll And weve all become pretty good friends.

These comments suggest that working in groups was in part a conscious
strategy for doing well in physics (the students didn't study in groups for thei
other courses)

To me. 1 think cither vou're extremely bright or you're a fool it you
don't get in a study group. Because you save so much time, simply
because when vou sit there, evenaf vou're trving to explain a problem
that vou already understand to someone, you learn it that much better
by explaining it. And vou find out what you don’t know while vou're
tving to explain it. Also, it youre having a problem with something,
then someone else might have a different viewpoint on it so they
might understand it a litle betier. And there's also the fact that you're
not sitting by voursell for five and six hours on end. pounding over
a problem — instead you sit in groups of four or five and pound over
them for four and five hours (Bobn.

Taken as a whole, the spatial and temporal organization of the under-
graduzate program enrolled students ina physics network by compressing the
material spaces in which their activity unfolded, monopolizing their time, and
distributing their wctivity across other students — and as Tl suggest in the next
chapter, across material instruments (pencit and paper. chatkboards) and arti-
facts (extbooks), When the physios curricutum succeeded, then, it tied its
students very tightly to the physices network == but it didn’t abways succeed

Partial and Failed Enrolments

There were clear incentives to participating in study groups OF the stadents
I interviewed, those who worked in groups hid grade point averages of 30
or above ton a0 scader, while those who worked individually | that s, whose
sputtiat and terporat retations included people, places and tines outside phys-
ics, had grade point averages below 3.0 The 3 0 Jevel is significant because it's
usteally the minmuwm required for admission toa graduate physies program
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talthough it's by no means the only selection criterion — Graduate Record
Examination [GRE| scores and letters of recommendation also count).

All of the students T talked to were aware in a general way of the aca-
demic advantages of working in a group, but some none the less refused o
participate. and not evervone who did participate "belonged’ to the groups in
the same way,

Women were marginalized in study group activities.® If the groups were
distributed actors. their gender was male. All of the women [ interviewed
belonged to study groups. All of the study groups T observed had women in
them. However, the very group processes that assisted academic performance
pushied women toward peripheral positions in the groups. The pressures weren't
overt. None of the women T talked to felt discriminated” against, and Alice
even speculated that - anyvthing, people remember me because I'm a gird, and
so iUs an advantage for that reason.” But the nine to one muale female ratio
seenmied to produced a pernicious dynaniic. Male students monopolized the
discussion and women's comments and questions were ignored or nor treated
As serious (see Nespor, 19900, Thus while women were enrolled in the
physics network and took on identities as physics students’, they were re-
tegated 1o a kind of "knowledge-weak identity (Nespor, 1990a). somcetimes this
became fairly obvious in the interactions. This exchange, tor example, comes
fromi one sophomore problem group:

Liz Could vou do this without putting an my in there, just by putting
a K in there?

Mick- {To Liz. after thinking @ moment] [Laughs]. What, just putling
4 spring in there? .. You could. but that would be an entirely
different problem and that's not what they asked for [general
laughter].

Liz Okay. come on {embarassed].

Mick: In fact, it vou want o, what vou could possibly do is. well,
let's see. it vou have K over m

Lz Well they also say springs and masses

Vick:  Yes T know — okav, welll if vou want to put another spring
under here vou'll have 1 degrees of freedom and two niasses
and it really gets nasty.

liz Sovoutl just solve that for K over m

Hours Liter m the same session 1 heard Liz exclain: 1 fnally got one
betore somebody told me how to do it T eant claim this kind of deflation of
selt-confidence was shared by all the women in the program, but it was wide-
spread . Even Alice. @ senior cruising through the cuniculum with a 3.9 prade
pomt average. told me:

I don't have quite as natural an ability as Fthink a lot of other people
do some women, hut more mien. There's ust more men i physies
irs an maediblv, overwhelming majority

' l
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Most of the women in the program were either uncertain about continu-
ing in the field or had decided not to. Debbie, a senior, wanted o get into the
astronaut program rather than continue in physics. Liz, a sophomore in the
middle of the weedout courses, felt “under a ot of pressure” and was thinking
of switching majors out of physics even though it was her main interest. And
when Kelly, a classmate of Lizs, said she didn't want to go into academia her
explanation was ‘T look at my physics professors and Tsay: "Do I want to be
like this?” No. Any interest she would have in physices, she explained. would
be in teaching it: T would only do it [hecome a professional physicisif T felt
like T had a real talent for being able to get things across to people.” Similarly,
Alice, who did want to continue in physics, said the thing she looked forward
to most in graduate school was being able to teach. None of the male students
mentioned teaching as something they wanted to do

Part of the reason for this disenchantment with the discipline was that the
space-compressing and time-greedy nature of the curriculum stringently lim-
ited the time the wonien could spend with female friends or male friends who
Sweren't physics students tas best T could tell, the women in the program did
not band together or work together ). Tust being i the field could compromise
one’s social life outside it as Kelly esplained: Some people are shocked:
“You're a physics major?” and then the conversation kind of lags.” Even when
the women could work 2 second shift o build a social life. the long-term
trajectory of a physics career put tremendous stresses on it Alice, for example, -
deseribed her situation thus:

I'm dating ~someone now. but [ don't expect anyone to follow me off
1o wherever 1 go to grad school. Wisconsin is a possibility — 1 mean.
I don't even know it T want to live there tor that many years. 10s just
not considered the thing for a man to follow a girl somew here, wher-
ever she decides to go. I0s usually the other way around. And 1 just
couldn't see setling down until T get out of grad school, Tjust think
it would he real hard. 1t's sort of weird hecause o lot of my friends are
beginning to think, vou know, friends who are engaged — are think-
ing 1t s sott of odd because T dont have any thoughts of that. Sorty,
I have at east six more vears « - school

Alices plight was the consequence not of simple discimination but of the
wan physics as adisapline produces ahighly restcted and compressed socdial
space m order 1o stabilize activity across vast distances of physical space. The
undergraduate program moved students towards the discipline B compress:
mg their spatial practices. but the trade-off for being able to move fastand L
within the network was not bemg able o move inand out ol it very easily
The networh atselt, hiowever, stetched across many anersiies as tght and
hermetic as the program space seemed it was open o students from physies
programs 4t other mstitutions. and - espliatly: prepared students tor other
programs This kind of network required actors who could move across the

»
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distances it organized with relative case not only textually (as we'll see in the
next chapter) but bodily. Women's bodies, as Alice’s comments suggest, were
culturally constructed as less mobile than males, or rather, their mobility was
seen as dependent upon the mobility of males.

The women in the program, then, were only “partially enrolled in the
physics actor-network. Overwhelmed numerically in the program, marginalized
in the study groups, socially isolated, women might succeed in finishing the
program with good grades, but seemingly at the price of their identification
with the field.

some men in the program were only partially enrolled as well, but for
different reasons than the women. Instead of being marginalized in the study
groups they declined to participate in them and developed other enrclments
into the physics actor-network. Their social backgrounds played key roles in
shaping these strategies of participation.

Most of the students in the program at least, T should say, most of the
students who'd survived to be seniors) came from quite affluent backgrounds:
both Arnold and Eric had fathers who were executives at major computer
corporations, Luke™s father owned his own software company, Alice’s father
wits & supervisor for a state government commission, and so on. There were
two students who came fronn working class” hackgrounds: Paul, whose mother
did “clerical work™ this father had died when he was in junior high), and Lem,
w hose father was a truckdriver, Unlike the other students Tinterviewed, both
connmented, unsolicited, on their parents” occupations. Paul, for example, called
his mother's work -excruciatingly: mainstream” and explained his interest in the
experimental side of physics in terms of his repugnance for the kind of paper-
focused work she did:

1 think that's part of my repulsion to that. [Cs sterile. Non-inspiring.
non-stimulating in an wtellectual way 1 get alot of feedback in what
Fdo, what T do with my physical self. T get a lot of teedback in the
way I teel emotionally and intellectually also. And when T find things
out of the ordmary that require thinking about things in an unordinary
way, then that's stimulating all the way around. It keeps me interested
and thinking. 1 like that (Paul).

Lem tried to explain the discontinuny between tns tnjectony though schools
and hus parents’, providing an claborate explanation of how his father and
mother could be cintelligent even though they didnt have high status jobs:

My dadbis s truckdriver, which in my opinion is a real shame, hecause
he's an intensely bright individual, Tie has no problem figuring things
out 'm not saving Fm bright Fmnot that concented. T don’t know.
maybe Tam, mavbe Fmonot 1 just have o gilt for figuring things out,
and he has that same gt 1T know he's intelligent He's just lazy.
in lugh school e used 1o get Ds and Cs becanse he never did s
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homework — not because he did badly on the tests, he did well on
the tests, he just never did the homework ... it was boring. He'd
rather go out and play with his friends or whatever. And he wasn't
interested in going to college. He doesn't like school and T can’t blame
him. My mother is also a very intelligent woman. And she’s much
more intelligent than she allows people o think. T don't know why.
IUs not like my father discourages that. He's-always yelling at her, "oh
come on, don't ask me, just do it’, but for some reason she seems o
tend to — T don't know, in a crisis she will stand up and just do what
she wants, but a ot of the time she will defer to other people for some
reason. I don't understand why, Fm not like that at all (Lem.

What makes these kinds of comments interesting is the way they contrast
with the other physics students” answers when Tasked them what their parents
did: flat descriptions without commentary. But if Paul and Lem felt estranged
from their familics in some way, they had not acculturated’ 1o the physics
program. nor did they seem to want to.

Both, although they were aware of the benefits of group work, eschewed
participation in study groups. Elsewhere ve discussed their decisions m terms
of Bourdieu's (1986) notions of cultural capital. arguing that their tastes, interests
and styles of interaction made them uncomfortable working with the upper-
middle class males who dominated the groups (Nespor, 1990a). Here T want
to highlight how the spatial practices of the students attached them o the
phvsics network in different ways than their peers.

Paul had done pootly in high school and ended up going 1o a ‘state
technical inditute” (a kind of tade schoob) where he trained to be an clectron-
ics technician. Finding work as a technician unsatisfying he dedided to get o
university degree in physics tthough the university refused 1o give him credit
for his technical institute courses and forced him to begia in 1hie treshmen
courses) His fow grade average notwithstanding, Paul’s technical skills quickly
got him a job that moved him into the spaces of physics praciice carlier than
his peers. Unlike most of the other undergraduates. who jinked themsebves to
physics through textual practices Gin classrooms and problem-solving sessions),
Paul won a niche as a device-maker inan experimentalist's Tab:

I'm much abeud of my contemporaries, just by the fact that I've gol
a two-vear degree and can design clectronics In physics there™s not
Aot of coursework designed 1o fanulianze people with electronics
There's one coutse m the undergraduate curricutum, nuybe two, but
they e mickey mouse, by and large And <o 1 can design things,
andt that's helped me out immensely

Paul avorded the other students m his classes and exphonly reedted the
study group format tor domg problems He worked atone at home or in his
office space at the Lab
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i don't enjov interacting with the undergraduaies i physics because
they have a very unsophisticated view of physics, They haven't ever
done it And T can be as snobbish as 1 like, <o to hell with them

So whenat comes o solving problems, T don't talk to people. If T aan’
get a problem T eonsider that a persenal failure, and Bwill just work
harder on the problem.

Paul nude poor grades i part, as he saw it because he approached tife
ditterently than other phyvsios undergraduates:

[ o experiment and get things that are reatly outside of the phvsies
train of thought, just because vou can become, and this happens time
and time again. people are so completely: monomaniacal that they're
just geeky idiots that know nothing about anvthing but how to solve
the Schroedinger equation or something like that. And theyvire not able
o Lty on a conversation to people that are outside of their fiekd. And
P think that's really o shame They re just not wetl-rounded.

some of the other muale students in the progran were sensitive to this
hid ot craicism. Arnold, tor example. made it a point to tetl me that -a lot of
us are quite mvolved with intranuaral sports, do a ot of that (thoegh stili -with
other physicists™ But the mamstrear male students like Arnold were, at least
oy nteniew s with then very insubar, speaking trom the perspectve of the
program Paul and Lem, on the other hand. were openly entical of aspects of
the program, and owm conversations ranged much more widehy over non-
physies issues

Alone among the undergraduates binterviewed, Paul had his owne space
M Laby tspace usually reserved for graduate students, post-doctorates, and
protessors) and associted mainky with graduate students His experience
svorhimg i magor laboratores lett him feeling that the wmporal organtzation
ot undergraduate hife was simply unrealistic,

In the undergraduate progenl your tme frames are divided up Okas .
Ive got a semester and Tyve got weeks and ve got classes and i 1 do
doattean do good or bad ~ And evervthing s very compartmentalized
and vour e frame is - evervthing is done for vou, You can lead
vour hie mmdlessive And vou can sitand think and cat and sleep, and
that s b vou really have to do Every smgle tnie frame, ume dimen-
ston, s hgured out for vou And the real world of domg scienee is
completely different lrom that You have 1o set up vour time frames
completely tor vourselt and it vou doat pooty (i vour tune faames ame
A de too Jong, then vou get called on the carpet by vounr supertons

The other working class student, tem, used erms simila to Paul's 1o
descnbe ather physics students

{0
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Most of myv riends are not physics students . [Most physies students|
are very mroverted and like all they think about s physics: all they
want to thik ahout v physics, apparently. You can’t strike a conver-
saton up with them about much else. They seem 1o be quict and just
basically bormg. . They sitin libruries with books and read and
that's boring to me. Theres a whole world out there and you've got
to try and experience it in my opinion, to be awell-rounded person.

Lem didn't work in complete isolation, however: almost alone among the
students T ntersiewed he spoke of regukarly consulting with professors (not
necessanly those trom whom he was currently taking coursesy about his work,
of having found several with whom he could wlk about problems.

Both Paul and Lem, then, had found niches in what was usually faculty”
space While this may have given them more mature” or well-rounded’
onenttions o phy sics i some sense, 1t left them terminally marginalized, with
no routes o tuller participation i those spaces. By doing their coursework
independenthy of other students. Paul and Lem were never enrofled in the
distributed actors” that populated both the graduate and professional fevels in
physics. Learming 1o work as the member of a team was more than a strategy
tor academic success, it wis an accomplishment that began to shape students’
capacities for participating m the dominant forms of social relations in the
professional work of the field ™ Paul was, at first glance. an exceeption, but the
niche he had carved for himsell in the Liboratories was a strictly subordinate
one Instead of colliboratng on the design of expermments he made desiees
for them to others” spectfications He worked for teams rather than as a mem-
ber of them.

It swas stithing, i fact, that in addition o Paul and Lem. alb ol the women
I mterviewed except Debbie twha wanted 1o be m the Lastronaut prograny
preterred the expermmental side ot physies 1o theony, and that these were the
onlv students among those Tnterviewed who had decded on the
evpermmentalist toute Beasley and Jones €1980,0 p- 381 argue that this predi-

lection tor theory ™ is common among entermg graduate students m physies,
somethimg they attribute 1o g lack of ‘meanmgful Liboratory experience” ac the
undergraduate fevel This s a plausible explanation tthe laboratory: compo-
nent of the program 1 studied was weak compared to those of sinitarly ranked

progeams. and the most promment faculty: members were theorists), but i’
is dalso true that the students who chose the non-theoretiarl emphasis were
Ao the ones margmahized and self-excluded from the work groups, suggest-
myg that the groups lostered or at least supported the theoretcal” orientation
tow.ards physies 10 was this onentaton that Aliwe, even though she partia
pated e the study groups and made very good grades, seemed o feel herselt
uncguipped to porsue

I dont have the mimd o want to st and do abstiact reasonmg Which
i what theoretical phvsies s tome Tmean ot see the connedtions
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Js well between the ideas, T'd rather do how does the theory apply
to the real world?” 1 dont really want 1o sit and derive new theories.
I want o test them. T want 1o see what they do”

I return to the issue of how group wark shaped students” practice of
physics in the next chapter and suggest there that the study group was i social
space supporting particular representational productions of space-time: pro-
ductions of disciplinary spaces on and in paper in mathematized, “abstract’
forms In bricf, as students moved through the physics curriculum representa-
tions of reality became more and more detached from the spatiality of every-
day practice and hence it became more and more important for there 1o be a
cohesive network — like the people. textbooks, and problems that made up
the study gronps — to maintam and enforee the representational practices that
produced the space.

The learning” that ook place wasn't a matter of internalizing knowledge
—- as Luke pointed out in his explanation of grade normalization carlier, pass-
ing and failing weren't necessarily connected to knowing anvthing — but
neither was i a matter, as Lave and Wenger (1991) would argue, of performing,
authentic physies at the periphery of a community of practitioners. They sug-
goest, for example, that.

. There are vast differences between the wavs high school physies
students participate in and give meaning to their activity and the way
professional phvsicists do. The actual reproducing community of prac-
uce, within which schoolchitdren tearn about physics, is not the com-
munity of physicists but the community of schooled adults fis this a
commiunity” in the same sense as physicists constitute @ community?].
Children are inroduced into the biter community Gand its humble
reladon with the former community) during their school vears. The
reproduction cyeles of the physicists” community start. much fater,
possibly only in graduate school (pp 99100y,

But this fine of argument works only if we aceept an atemporal and
despatiadized conception of ‘community ™ The fact that high schools and under-
graduate colleges are instituticnally separate from graduate or professional
physies doesn't mean the realnis are unconnected: they are, in fundamentally
important wavs. As 1 showed carhier, where vor attend high school s crucial
to vour chances of becoming a physicist. The fact that undergraduate students
tor high «chool students) aren’t domg real” physios doesn’t mean that what
thevre doing isn't an essential part of the rajectory 1o doing real” phvsics. Nor
1t the case that high school and undergraduate programs aie simply allocative
mechanisms sorting students. they were also, cradially, moving students mto
configurations, distrbuted actors, that could move within and work upon the
space-time of the discipline

I3
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This distetbution of students i actor-networks 1s @ necessary part of the

process by which the discipline assures the use and intelligibility ol its key
representational organizations of space-time. We can give a kind of answer
now 1o the question Latour (1988) asks:

What is this society in which @ written. printed. mathematical form has
greater credence. m o case of doubt. than anvthing else: common sense,
the senses other than vision, political authority, tradition, and even
Scripares? (p. Sl

It is. in the case of the physics program, a narrow society of people bound
together by tght social tes and spatial practices that compress the world into
stadl material spaces strongly bounded off from other social networks. And
now we can turn (o the second quandary Latour provides:

Most of the “domain® of cognitive psychology and epistemology does
not ¢xist but is related 1o this strange anthropological puzzle: a train-
ing (often in schools) o manipulate written inserptions, 1o array them
in cascades, and 1o believe the st one on the series more than any
evidence to the contrary (Latour, 1988, pp. S1-2).

In the next chapter T wall examine how this training was accomplished in
undergraduate physies

Notes

By the caniy 1900s twenty five mstitations receseed alneost o0 per cent of all federnal
tundimg for phyvsics (Kevles, 19770 pp 3960 .7)

There s varation natonally e the number and tvpe of Liboratory cotrses offered
by undergraduate phyvsics programs. and - the amount of enmiphasis placed on
quantum as oppaosed 1o classicad physics (Physics survey Committee, 1972 pp 704

01 As undergradiate progoons at smudar msittations go, the one 1 ostudhied had
relatvely fight Liboratory requirements

Among the phyvsies students Tinterviewed all bt two hud taken physics and calen
las i atfluent high schools. Attendance at such schools also ncreased students’
access to unnersiy prodaced phvsics currrcula such as PSSCand Project Phvsics
Access tosuch programs sttonghy mtluenced the hkelihood of studens entenng andd
continng m physies as o aareer Thus wlale onbv about 9 per cent of US high
schools offered the PSSC progrant and only about 8 per cent the Project Phyvsics
catnculum, students with access o these programs were over represented aimongs
those who eventually secened Bachelors me phvsies Abowt 25 per cent of the
undergraduates who camed Bachelor s degrees m 19845 81 had tihen PSS Tagl
school, T2 per cent had tihen Progeat Phivsies €Paltiand and Lindenteld, 1983, p 17
The percentage s based onan esamimation of the tansenpts of dl physics grad
uates at the unversity over e one vean pettod - At least one professor qustilicd the
Ingh fulwe tates i the intodactons conrses by an appeal to histony

‘DU




3

‘)

Knowledge in Motion

When T was an undergraduate in phyvsies our fiest real course, this was
hack in 1958, this was the first upper division course for phyvsics majors,
the st that really used a ot of cadeutus, Tremember Sa peopleinae . It
was a4 twosgudrter course. The second guarter there were five. [The attri-
tion rate] is universiyv-independent. teacher independent. course independ-
ent. as long as the course was of the level of sophistication that the normal
physics course s

The consuming character of work in such fields is seemingly mdependent of one’s
interest or commitment to the disaphine Hacker €1989), who was studving engi-
neermg programs. reports how she found hercf neglecung her other responsibil-
es and devotng all her avadable time o study. This experience is remmniscent of
Burawov's (1979 experience of miaking out” on the industrial shopfloor, of bemg
captured by the game of work alimost agamst one’s will

The progressive gender segreganion of physies began i sevondary school and
mtensified over the vears

Although one third of all high-school graduates who have taken physies
Jre women. ondy 1 per cent of the phivaics Bachelors degrees are awarded
o women Women represent a sl pereentage of physics graduate
students and fewer than 8 per cent of the new doctorates were carned
by them (Porter and Ceugkar, 1986, p ")

The processes Tdescribe at work i undergraduate education may be quite difterent
hom those in k=12 public school or i graduate school
Although some commentators o women m scienee educaton cHead. T983. sonnl,
1957 diaw on Githgin (19820 and Lever (19701 1o suggest that women are dis-
advantaged m compentne group activaties because of values or developmentai
factors, T would emiphasize mstead ther token statas inthe groups as the key facior
m the consttuction of ther dentiies as hnowledge-weak ool Kanter, [978) For
tesearch casting doubt on the generabizalaliny ol Lever s argumients, see Goodwan
C1ORS 1 and Fder ¢1990)
Memony, Amold, Stewart and Fornes (1985 analvzed authorshup pattems momne
ficlds tmodern langudages. philosophy. political saience. business. disaiphne psy-
chology . botany . cducauon, <henustry and physiest and found collaboranve efforts
1o be much maote commaon i physies than the other ficlds This appears to represent
atrend over tme By 1981 the average number of authors lor papers i Physcal
Review Tetters was 1837t emorny ef al L1983, p 2701 In 1971 had been only 225,
aorelatnely soall nse over the average of 1735 m 1930 (Brooks, 1978 p 105y To
some extent, the rise m collaborative work reflects changimg cmphases m the tvpes
of phvsics bemg done For example, the 1981 average number of authors of papers
m the reas of furds and plasnis was only 3 280 m clementay partides it was THE
Cand Tor espenmental papers m elementary particles itwas 28 83 eMemors of af
1983 p 2700 A Memon and his colleagues ane. The cost ol domg espermiental
rescchm phivsics s probably the clief reaston tis collaboration Feonomy of
sole compeis researchers o share saentific guipment” (p 270

Kleppner (19531 notes that sidl seale group researddi == o few graduate stu-
dents working with . protessor o tesearcher - = s sl the donumant form of inmg,
for phyvsics paduate students che esimates e dharctenizes the taming of About o
per cent of pradiae students mephysiesy CRleppner. 19830 830
Readeor~ Ll with Sally Hacker s C1980 19900 work on leaining to be an engimeer
will Tuive noted some simlanties and contrasts to her decounts This nught be a
wonnd place to mennon them The phivsics progran D studied swes not as competitise
ds Thacher s engmecrmy, nor were students working on problems wath dean and
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smgular answers - working toward the test and not understanding” (1989, pp. 4L,
121 [ never saw any of the joking (1990, pp 118=200 that Hacker describes. In
contrast to the fetishism and eroticization of technology i engineering. physics
students prized theoretical” skills Cagain, this could be a tfunction of the partcular
culture of this program). The simikirities. however, are just as sirking: the greedy
nature of the curricula. the cinelasucity of ume  as Hacker puts 1t and the
mathematzation ot the field created a tdaly experience fthatl required control of
sensuahity . the cmotions, passion, one’s very physical rhvthne” 1989, p S0y




Chapter 3

Connecting Students to Practice:
Mobilization in Physics

Scientists start seeing something once they stop looking at nature and
look exclusively and obsessively at prints and flat inscriptions (Latour,
1986, p. 10).

The total amaount that a physicist knows is very little He bas onldy 1o
rementhor the rudes to get him from one place to another and he s
all right (keviman, 1905, p.o45).

Phivsics was a struggle for me. T collected textbooks duaring the ficldwork but
1 couldn't read” them as 1 read other books (nor, as it turned out, could the
students), 1 could follow” the lectures in the lower division chisses but T'd
forget quickly and | never knew how to start the problems even when the
math and concepts they required were well within my grasp. Students let me
come to their study group sessions, and occeasionadly they'd stop to repeat
somethimg for me. but i lot of steps in the definitions and solutions of prob-
lems went unstated — they involved conversions and transformations that
students took for granted — and @ lot of the “discourse” took plice through
quickly scribbled, then revised or erased dingrams and equations that T couldn't
copy down (my audiotapes of these sessions were usuadly useless and Tdidn’
have the resources to videotape).

I had o keep reminding myself that Fwasn’turving o understand” physics
or management the way the students did. To do that I'd have had to enrol in
the actor-netw orks of the disciplines myself (not just take or observe the courses,
but become a phiysies mgjory — and what T was tyving to do instead wis
understand how the students got connected 1o those actor-networks. Instead
of trving to mterpret or analyze texts -—— books, problems, or whatever — ny
interest 1~ in how texts and their uses produced spaces and times and spatio-
temiporal relations. Undergraduate physics education was seattered across st
ol heterogencous locates — departments, programs, courses, classreoms, tabor-
Aories To organtze these spaces mto the kind of network” that coutd connect
students 1o flows of disciplinary practice, activties in one space had o be
tanstormed into representations that could be sentacross space without chang-
my much They had o be mobilized



Connecting Students to Practice: Mobilization in Physics
A Chain of Mobilizations

Physics consists in part of discipline-specific representational technologies for
constructing phenomena and spaces and times that are not accessible in our
evervday material spatial practice. In professionad practice machines play a
critival role in these processes (Traweck, 1988), but at the undergraduate fevel
of cducation most of this work is still done through writing. Writing produces
its own spaces. Textual practices can mobilize the disparate, widelyv-scattered
phenomena of evervday material practice and bring them into a work setting
and under the control of practitioners. Textual practices can also create spaces
and times outside evervday practice — the space of dreams, poetry, cos-
mology., quantum mechanics. In physics education these two uses come to-
gether. The evervday world is mobilized and then reconstructed in an esoteric
form. ‘

Instead of tatking about students learning” physics, then, TH talk about the
pathways and trajectories that entangled then in the discipline’s representa-
tional productions of space-time. Although this entanglement didn't make stu-
dents practicing physicists inany sense, it did cruciallv connect them to the
discipline The media of this connection were the textbooks, notetaking, and
problem-solving practices that involved the students in the use of equations
and mathematized representations and mobilizations of the world. This pro-
cess wasn't somethmg that happened all at once. instead, students graduoally
moved mto physics across the yeuars of their acadenue careers.

The representational organization of space-time in the physics program
was built through wrecursive network of courses. Students covered opics in
‘mechanios” and celectreity and magoetism three times: m the two lower di-
vistjon introductory courses, in the upper-division classical dynamices” and
clssical electrodynumios” courses, and then, as Ahee put it, 'when you get to
he a graduate (student] vou do it again Three times ' Instead of seeming,
repentive, students and facalty sad that the second and third passes through
the topics treated them at “deeper” fevels 1o one professor's words:

students canget o superficral understandmyg of the topics in their
freshman year, but thevre not reatly able to apply these coneepts; m
fact they e not even aware how superficial their understanding wis
until they face more ditficult problems Later on 1Hind that most of the
students m the class seem o feel that theyre encountering the topics
for the first ume, even though they had the basic coneepts in their
first year or their second vear L Fact, inmy own experience as
student Trecall Tdwdn'treally fee! comfortable with Lassical mechanics
even atter recenony oy PhD wowd T owas horified 1o learn that nn
st teaching assignient was classtcad mechanies at the mtroductory
and mtermediate Tevels e wasn't anul 1 had several vears of weach
g expertence at those tevels that 1 lound nmyselt comfortable with
mechanies
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With cach encounter topics were constituted in increasingly mathematized
forms that squeezed the world into a diamond of numbers. When students and
taculty talked of a deep as opposed o superficial understanding they meant
4 mathematical understanding. One of the students, Bob, gave this analysis:

Like with (introductony] clectricity and magnetism we'd just have a
basic algebraic equation: and with the class Thad in classical electro-
Jdynamics we . started off with a stationary electron, and derived
evenvthing in static electric theory, And then we made the clectron
move, and then we derived all of ti - rest of electrodynamics from a
single moving clectron. And vou learn so much more. T mean, you
derive all the algebraic equations. And it was a lot more complex, and
it wis a lot more difficalt, But it was also a lot more interesting. [
It was nuainly vou look at everything at a deeper levels And instead of,
sav, lookmg at bow is it — ol welll its done this way — you look
more at whyis it — and its done this way becanse of these things.
And the same goes for the clissical dynamics. That was also a very
interesting course. .. Fdon't think we covered a whole lot of different
phenomend [from the lower-division courses], but we mainly just looked
at them at different levels, We looked at. ah. LaGrangians and
Hamiltonians, all of these in classical dynanues. And vou start looking
more at the energy in the system, where vou looked before more at
st well, we looked at, well, the pendulum would swing this way —
and it just swings that way — and we'll say, well, we know the
pendulum swings that way, why does it swing that way?

In physics. diagrams and mathematical equations — among the most stable
and movable of representatons — formed the bedrock of a representational
technology that was shared (but employed in very different ways) by profes-
stonal physicists and beginning students (e Latour, 1987, pp 2401 When
the professor spoke ol bemg able o apply concepts’ he was tatking about
bemy able 1o deploy such representations

To move representations like equations across the different kinds of spaces
that make up a disciphnary netw ork. however, they had to be mobilized in dit-
ferent kinds of containers for ditferent kinds of journeys. The different mobil-
ations were like links in @ chain connecting students in the program to the
practices of phyvsies long before they actually entered that field of practice. In
the program 1 studied there were tour critical Imks in this “chain of mobilization”:

(1 The cquations of physies svere mobilized intextboc ks that linked
phvsics practice to phyvsacs education.and connected geographicathy
dispersed educational programs
Within the program. protessors mobilize-1 the equations inthe et
books m therr lectures, transforming them mto inearly produced
chalkboard representations

bo
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) €3 students mobilized these equations in the lectures in their cliass notes,
=% to be scrutinized and recombined in study and problem-solving
g activities

— . . 1) The problems in the textbooks mobilized the equations, linking to-
gether tvpes of problems and shaping how students moved through
= the representational space-time

= The product of these mobilizations was @ progressive stripping away of the
: evernvdayv world” and its replacement with i mathematized world. To see how
- this was accomplished |shall examine cach mobilization in turn.

Textbooks as Educational Mobilizations of the Discipline

If. as Harvey (1989) suggests, the written word abstracts properties from
the flux of expertence and fixes them in spatial forms” ¢p. 2000, then we can
see physios textbooks as spatial forms that mobilize distant physios practices
talbert in a specally reduced formy and make them available in cdassrooms,
Texthooks can serve as mobilizations in part because they are constructed in
Adistinetive thetorical style. they are made up of staements that Lack modalities”.
References to ageney teags. the author), the agent's actions, and the antecedent

‘ conditions of those actions are excluded from the text t\Woolgar, 1988, Latour
e and Woolgar, 1986, pp 75=-81: ¢t Olson. 1980) Why? Because such modalities
- would Iimk the statements i the books 1o ongoing practices: every modahty
nutkes a statement more mutable, less mobile, less casily combimed with other

statements When modalities are excluded. as in wextbooks, @ sttement takes

—on the character of a conteat-independent universal that can be moved across
space and time. It is rendered:

devoid of any trace of ownership, construction. time and place 1t
: could have been known tor centuries or handed down by God Him
- <elt together with the Ten Commandments s, as we sayv, a fact
: tLatour. 1987 p 23,

- By making statements stable and movable in this fashion, it's possible to
use them to faclitate communications across distances and tie together net-

works of practuce spread out in space and tme At the same time, the denser

; and more tightly organized such networks, the more casily they can ereate and
s mamtain fcts, As we saw in the last chapter. physics is o tighthy woven net
- work ot mstinmons dommated by arelatvely small number of highly funded

- departiients and Labs that can define what counts as physics” and what counts
s adequately prepared graduae

- This standardization ot carmeulum s accomplished through the use of
o texthooks that are hughly standardized and demodalized m torm and content -
- In this sense. textbooks define the undergraduate physics cormculum: They

1
1

v g

l-RIC

PArulText Provided by enic [fB




Ruowledge in Motion

demarcate discrete subject areas and levels, and define the basic topics to be
addressed at each level* Thus most of the graduate progranis described in the
handbook of Graduate Programs in Physics, Astronomy. and Related Fields
(AP, 198%3) define expected levels of undergraduate preparation in terms of
five or six textbooks. For example:

Undergradudate preparation assumed: For graduate work in physies it
is assumed that the student has an undergraduate background that
includes the following: mechanies at the level of Symon. Mechanics,
clectricity: and magnetism at the level of Cook. The Theory of the
Hectromagnetic Freld. thermodynamics at the level of Ricef, Funda-
mentals of Stanistical aned Thermed Physics; atomic physics at the level
of Morrison, Estle and Lane, Quantum States of Atoms, Molecules, and
Solicds, quantum mechanics at the level of Park, troduction (o Quan -
tum Theory CAIP, 19851

The particular books listed vary from program to program,* but the books
at cach level” are generally similar. Onee set. the configuration of books used
in . particular program is difficult to change because of the tight prerequisite
Binkages between the required courses a substantive text change at one level
would disrupt the entire sequence. As aresalt there s a very <low turnover
intestbooks

IThe undergraduate studentst all will take courses Tater on for which
this 15 a prereguisite. and consequently the subjeat matter has been
deaded upon by essentially a department course and curriculum
committee And 1t will not stray very much from that, Students must
cover 4 certan number of topres There's a textbook committee made
up of people who have tght the course -—— four or five people —
and they wall gao over vanous textbooks and select the one that most
cdoselv tracks the subyect matter: There s a vanets of texts which do
that tsmitlp

Fheres hitde vanety . however i the various tests at a ginven level Here s one
professor, tar example, comparmg two teats used tor the mttoductony physies

COUTSUS,

The ook we used touse was Resmick and Halliday That's the one
that 1T used when T was an undergraduate Like 1 sad. the material {in
the new texthook . Ohlumon] sl the same In factaf vou Took at il
of those hooks, they nught as well have been copred Brom one an-
ather He tes toanahe Tns examples mterestng And his probicms are
mote nteresting Instead of a0 block shicding down an o mdimed plane,
the question s about some can shidding olb ot aacetack He puts real
numbers i The problems are maore fun to work. even though you e
worthimg ety the same problem eslemp

t)l,
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Dr Slemp’s comments point o another critical feature of wextbooks in
physies. Up until now Uve been talking about how the standardized,
<demodalized form in which the texts are written allows physics education to
be spatially integrated across schools, departments and laboratories spanning

the globe. But if physies textbooks are representational technologres for solidi-
fving 4 dense social space across physically distanced settings and practices it
facts are a good medium for connecting practices), textbooks are also sites for
producing particular representations of space-time. By that I mean that physics
textbooks are components of practices for mobilizing the physical world in
textual form, and ultimately reconstructing it in representational space-times
accessible only through texts or machinery for inscription: frictionless planes,
perfect harmonic oscillators, invisible” panticles and waves, and so on. We
cun get da general sense of how these practices developed within the recurs-
ive curriculum by bricfly tacing changes in textbook treatments of physical
phenomena

Enrolling the World in Physics

Tustas students were enrolled m the actor-netw otk of physics, so were waorldly
phenomena In the iesthooks for the first courses in the physics sequence, the
spaces of the phvsies textworld were initially described by analogy or contrast
with the evervdas . non-physies world - Consider this passage from an carhy
chapter m the first mechanies textbook:

Frenday experience suggests that a toree — a push or a pull — s
needed to keep an object moving at constant veloaity - For example,
if the wind pushing a sailboat suddenly dies oot the boat will coast
dong tor some distance, but it will gradually slow down, stop. and
remdin stopped until a new gust of windg comes along However. what
actlly slows down a4 sailboat 15 not the absence of a propulsive
force, but, rtlier, the presence of friction forces U nder ideal frictionless
conditions a body 1 motion would continte o move forever tOhanian,
1985, p 91w,

The text starts us ina familian space, the world of sadboats, hut it rede-
fines that space for us - explammg swhat sreally” slows the boat down - by
defining the action in terms of @ new entty, Inction Then we re told wha
woukd Tappen i anadeal space — . representation of space that can't be
tound “out there , bat that exists i the testworld . No equations, duagrams. or
tustianons accompany tis passage: The evenvday analog the sinlhoat
1s ke amodel that we can use o mahe sense ob the physics We renim
onented mthe tanudeir space of evervday practiee, but eversday practice has
bheen problematized” - given a speclized dentity accessible oanly through
the oblgatory passage pomt of phyvsies” representations ot space

Ly
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By contrast, in a passage that occurs much later in the same text, refer-
ences 1o evervdayt objects play a veny difterent role:

Consider a tightly stretched elastic string, such as a tong rubber cord.
It we snap one end of the string back and forth with a flick of the
wrist, a disturbance travels along the string. Figure 15 1 [not included]
shows m detar! how such a travelling disturbance comes about. The
string may be regarded as @ row of particles joined by small, massless
springs. When we jerk the first particle to one side, it will pull the
second particle to the same side. and this will pull the third, cte. I we
then jerk the first particle back to the original position. it will pull the
second particle back, and this will likewise pull the third. As the
moton is transmitted tfrom one particle to the next particle. the distur-
bance propagates dlong the row of particles Such a disturbance is
called o wave pulse (Ohanion, 1985, p. 309). fauthor amendment]

Here we see an mteressement’s the phivsios actor-network creates a bar-
rier hetween the physical phenomena it defines and alternative defining net-
works. This passage is comprehensible only in terms of the discipline’s
wepresentations of space Although the passage supplies a spedific evervduy”
mtye for the reader ts quickly elear that instead of a -long rubber cord” ta
phenomenon that could be enrolled in various non-physies representations of
spacer we re dealing with a row of partictes joined by small, massless springs’,
Rather than showimg” tus pasticle row, i diagram areates 1tz we would have
ne clear wav of imaginmg such an object without something like the diagram,
and the rest of the paragzr phomakes httle sense unless one can see or has seen
simibar diagrams

I such sciennfic diagrams, as Lynch c19881 suggests, oreate the impres-
sion 1t the olyeds or relations they represent are mherently mathematical’
o Lovn then s a smadl but consequential step to - dispense with such dia-
wrams and operate printanly m mathematical werms This is the principal means
through which phenomena are “entolled” — their wdentities stabilized through
allances = 1 the phvsics actornetwork - Consider this introduction o the
ware pulse e oatest tor a thrdsvear course momodern physics

Another tamihar phenomenon not desenbable by asingle trasetimg
wanve s that or . pulse, sudh as asudden nose. acthp of one end of
Along stimg, o the bret openmyg of a shuter m tront of a light
sowrce Themam charactenstic of a pulse s that of locahzation in time
and space A wave of asingle requenes and wavelength such as any
al those of Fags 03 1o s po locdhization i tme or space Inordes
o desanhe o pulse, agroup of waves of different frequencies and
wavelengths mast be tahen The ange of wavelengths or frequencies
necded depends on the extent of the space tor et of the pulse In
generdl b the extent an space. defta soas smalll the range of wave
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numbers delta k must be Targe. The mathematics of representing -
bitranly shaped pulses by sums of sine or cosine functions involves
Fourier series and Fourier mtegrals (Tipler, 1969, p. 20D

Even diagrams are no longer sutficient to formulate the phenomenas the
‘objects” must be represented in mathenitical equations. The paragraph still
begins with the “everyday world” but only to undercut our common experience
of it- 4 sudden noise, the flip of a long string, the brief opening of a light
hutter, are deseribed as belonging to a0 single class of entities within the
representational space of physics. Students are no longer dealing with eatities
constituted tirough the familiar material spatial practices of everyday activity:
the entittes have an identity only within the discipline’s representations of
space. They have been enrolled” i the physics actor-network, ) st as the

students were,

Textbooks as Engines of Instruction

[ dont want 1o go too tar, however, talking about testbooks without consid-
cring how they e tsed, Fron my perspective s an outsider et ks seem
1o e together distant programs and depariments and formulate a distinctive
representational space-tme What professors and stadents actually do with the
fests s another matter Fven given the demodalized tormulation of the text
stenments there s Stll room for different appropriations of the texts by pro-
fessors using them to teach conrses, and Tor divergent readings by the students
1 the courses 1 the texts are 1o be usetut in holding networks together m a
“Lible configarauon and keeping activity son-tiack’, then the representiations in
the texts have 1o be remobilized mea variety of wass

The most obvious mobitizatons are the professors” lectures over the suly-
ot natten i the test As Traweck 1988 has noted,m both Japan and Ameriea
the textbook s the principal engme of instraction - undergraduate physies
cducaton

Phyvsics s mtroduced fiest o the undergraduate e atestbook The
mstiuctars, whao are presented as expeits on physies Glthough not
specbists il subticids smulancoush s esplam the matenal n the
teatbocok  students are given problem sets” 1o solve morder to dem
onstrate therr comprehension of the matenal CTaweck, TOSS, p 7o

Fhe phivsics professors T athed to saw themselves folowmg the tenthooks
clomel i then sequencmg and coverage of tomes The tible of contents
ane professor noted wonld pretie well heacsalabus Another explamed

I wondd sayan general do tend o follow the ook becanse Thave
lound the smdenns well o the st phice. very tess ol them tike
goad notes Sob | don ttollow the book they have nothmg o study
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tor a test. And T think 1's the responsibility of the faculiy 1o seleat
books that are similar to wnat thevre going to teach in the course. 1
also have seen studies which indicate that the students earn hitle from
- the lecture to begin with. So Pee realized that most of what T'm doing
) i~ simply trving 1o explain to the better students some of the finer
. pomts and tryving to help the weak students overcome the ditficult
parts (Morton),

g Faculty allowed extbooks to define the subject mmatter and pedagogy of
the courses they taught partiy because the subject matter was considered “dead,
‘assical” material unrelated 1o the issues they dealt with in their research.
R Moreover, since teachning assignments were made by a departmental commit-
— tee and changed fom vear 1o vear, faculty had no personal investment in

particular courses, and did not weach them frequently enough 1o develop dis-
unctive approdaches o the subjeat matter. Instead, most professors followed
the textbooks and monitored and inntzued the pracuces of others who were
weiching or mad taught the same courses. One professor compuared himself in
this way 1o another protessor who'd taght the same book:

[ made my students work more problems, and T think my tests were
slightlyv harder. Buat we covered. to within 0 or 30 pages, the same
parts of the sume book and the students would see a difference onhy
—.5 in that perhaps they would sav one insructor wais casier. But the
topics covere: D would be much the same (Wilson), '
5 It appears paradoxical. given this subservience o the text, that for students
courses varied radicilly depending on who taught thene Paul, who called the
protessor just quoted -hornble, bevond beliet ™ wrgued that

You can have the wdenncad course and have ditferent instructors, and
theyre almost completely different courses Even though T don't put
Lot of cmphasis on what an mstructor savs, ivs qust, it depends on
whether vou have some wdiot hellowing out some kind of drool up
there at the front of the room, or somebody who's really competent
and can really show vou some interesting mental connections,

Paul was one ob the students who worked alone instead of ina study

group. but on this pomt lns perceptions were shured by other students tthough
thev tended 1o use Tess colurtul ke guaged. the texts and content night be
standardized and vigidly sequenced, Dat Tectures weire not Although stadents
chimed that protessors st wiote the book 1o us tBobo an really: honmg’

. lectures cvheer the professors abvionshy did not and could not have sepro
N duced the books exactly i then fecnres Instead, they mobilized the torms
cibodiced i the ests the equations and diagraams They wemporalized and

respatialized the statie test Lindscapes, tanstormed them mio tours
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Connecting Students to Practice- Mobilization in Physics

Mobilizing the Textbook: Lectures

As representational orgamzations of space-time, physics textbooks presented
students with complete terrains described in explicit, non-modalized terms.
To do physics was, for students, to chart journeys through these textual land-

seapes. Lectures, 1o follow the metaphor, were like guided tours through
the terrain, 1 the textbooks mobitized physics in a stable form by deleting
mention of agency, actions, and the antecedents of actions., it was through the
re-insertion of such modalities, the reconstruction of textbook facts” in narra-
tives, that the physies “in' the textbooks was used to bind together courses and
class sessions within a course Lectures described the kinds of journeys that
were feasible through the representational space, which were worth taking,
and how one might negotiate them.

We can begin to get a sense of this smodalization” of textbooks by con-
stdering a0 couple of pages in the textbook (Crawford, 1968) tor the third
course m the physics sequence, Waves. The book section is Libelled "Example
10: Two coupled LC circuits” and consists of a small quantity of text, cight
cquations and one diagram,

These passages, which students encountered in the second semester of
their second vear in college, are framed almost entirely in demodalized, dis-
ciplinary representations of space-tinie. The author begins by presenting a
syatem’in terms of adagram of two coupled L circuts, a highly formuliic
representation of a kind that students had become acquainted with in thar
Introductory Electricits and Magnetisn course. The section begins:

Let us find the cquations of ‘moton” — motion of the change i this
case The electromotive foree temt) across the fef-hand inductanee is
Lol it A positive charge O, on the lett-hand capacitory gives an emff
¢, that tends to marease Loawith our sign conventions) - (Crawtord.
oS, p 27-%

In thes fasiion the dagram is tanslauted mte the nore manmputable represen-
Lational teemat of cquations The test then directs us 1o rexpress the configu-
ration of the svstent i terms of currents rather than charges” by differentiating
and using conservation of cCharge o simphify: portions of the equation to pro-

duce coupled equations of motion” (ltUs assumed that these equations have a
recognizable shape tor the studentsy The normal modes are given, and the
et secton ends wath g paragraph that iinks the example to other examples
i the text and foreshadows issues to be discussed Liter in the book

As wntten, this hook sedion is like a picee of road map that shows hiow
ditterent routes link, whieh exits e avintable, and how ditferent points in the
terrain can be connected What it Lichs is any hint of why the routes exist and
wihn one should want 0 go from one place to the nest Agency and action
Bave been exersed, and students atone kicked resources to remtrodace them
Insteadd, they had o diaw on the problems mthe book, their telfow students,
and, the resowce with wlnch 1 hegm, the fectures of their professors
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Kuowledpe 1 Motion

The lecture T exanune here is by the protessor most highly regarded by
the students Tinterviewed, Dr smith. Some, as Tve already suggested, did litde
more than parrot the book, but the best narrativized the content and reintro-
duced some elements of ageney and action into the demodalized wext. The
lecture segment described below, which is taken from the third course in the
curriculum. Waves, deals with topics very close to those dealt with in the book
section discussed above

In beginning the lecture, Dr Smith did not explicitly orient the students o
Ay osection of the eat. Instead, connections between lecture and text were
implicd by the use of similur diagrams and equations, and the content of both
were linked 1o previous subject matter tthe motion of coupled springs and
masses) by the introduction of an agent:

smith began by suggesting that when God made the universe. he got
Lizy " and instead of inventing new rules for ditferent forms of plice-
nomeni, made very different kinds of phenomena abide by the same
rules. Thus clecromagnetic systems operate in the same ways as the
mechanical systems tthe springs and nisses)y that the class had been
dealing with up 1o this point

While the invocation of God was a0 great rarity in plivsics discourse. it
served o double function here First i supplied areason — nature” — for the
wlentical molnlizauons of two capparenthy  very different physical svstems It
told the students that the wdentity was areflection of the way things are” wather
than an analvtical convenience o1 a4 social comvention Second, this kind ot
eaplanation set up a boundany condition on the discussion: there could e no
evplanation or discussion ot why mechanical and electromagnetic svstems
were describable swith the same formulations it was simply a function of na-
tre. of God's will Having framed the lecture o this wave snuth could then
procecd with the nartative formulation of the LC areut TTe began by drawing
an cexenple” on the board
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Diagrams such as thns one tor the more detailed ones i the texty bundled
together 4 set of representations. Making sense of them presupposed that

students were not only familiar with those representations but wah this par-
tcular sy of connecting them. Thus even though the students had encoun-
tered such diagrams in their previous course (Introductory Eledtricity and
Magnetist smith's first step was o see o they could sread” it properly

W hat s ~C7 mean o vou? smith asked. One student answered: charge”.
Charge? smith responded. -G means charge to vou”” Another student
tricd an answer storage of charge”

Not getting the answer hé wanted, Smith began to create a narrative to
lead the students throeugh the representations implicit in the diagranu e be-
gan by shifung the focus of the lecture from the diagram to an ceveryvday’
object — to formulate a recognizable phivaical analog of the svstem described
m the diagram He began by

prching up a tlat unfolded picce of alununum toil. suppose Tgive vou
this picce of alurminum forl’, smith said. -and lets say there’s an elec-
trical energy source in the corner of the room and electricity is fantas-
ncally expensinve nght now’ and 1 sayv, okavoyou can tike this piece
of forl and put all the charge you want on it take all vou want. Now,
wWhat's to stop vou tfrom beconung rich?

Although the leaure was formulated moa questioning style, the dlass was
Large Cabout ~o studentss and Smith didn't want for answers Having introduced
an evervday L conerete example, he now began to encode it back o the
representational systeny of physics

simuth explamed that as the charge was moreased, the voltage would
go up. and the stored energy would dissipate Now’™ smith asked.
what ot T swadded the forl upomoa ball, or rolled it into e evlinder, how
would that alfect the process?” It would, he explaned. produce adit-
terent voltage tor the same duarge As the shape., the geometry, changes.,
the capaator tand tus, he explamed. is what |G stands o changes
snuth wrote the equation describing this relavonship and explained
that in the example gnven above, vou want more Charge per voltage:

=¥\
Soccosnth connnued. b the svstemn has o paticalar Woas voltage -
AN

st then talked about what this meant i terms of coloumbs and
|H\||('\
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We have gone from the diagram back™ 1o the aluminum foil and then
back to the diagram wnd the exotic” phenomena embodied in it (capacitors,
voltage, eten. The diagram has been 'modalized’, inserted into a narrative that
supplicd an agent and actions that gave us o reason’ for the diagram. That
is. rather than simply defining € Smith old o story that illustrated @ use of
the diggrum. Using another everydiy phenomenon as illustraton, Smith re-
peated this kind of back and forth movement through the representational
\P.K'L'

smith then asked Historically, how did conductors come about? What
wis an early conductor?” Again, he provided the answer: The lighten-
mg rod.” Its top was a sharp point, and this meant [Smith drew the op
of the rod and the lines of force] that when lightning struck i, the field
created at the point was so strong that 1t ionized the air, pulling the
negative charges out of the air and neutralizing the negative charges
in the roof of the house:

This areated o small safe discharge The rods themselves were cone
nected 1o the carth cgroundedy with a copper pipe tan excellent con-

ductor), so that the charge would travel down the copper and be

neutralized mothe carth What was discovered, however, was that
sometimes, instead ot following the copper o the carth. the current
would ump off the wite, onto the ool

Having once agam mtroduced anaranve, smah chen drew another, more
schenatie diagran. shifung the focus from the evervday” analog Ghe lightning
1o and onto arepresentation and - phenomenon imported from the repre-
sentational space ot physics

O
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Why would there be ares between the charged balls, Smith asked.
instead of a flow of curren: through the copper wire? “it's not simple:
DC resistence’, Smith pointed out. and he went on to exphiin that the
person who discovered this determined that the wire must have a
property relited o changes in the current. The wire is an Cinductor’,

the current building up ina loop produces a magnetic fietd and chang-

ing current produces an EMFE, and changes the volage. The ficld times
the area of the wire equals the “fux’ or the number of field lines).
Flus is p:'()p()ninl’lul to current: ¢al. And if we use Loto represent i
constant, the inductor, we get the equation:

e . ¢= 11

For voltage we get these equations

8 Caode
. dt dt

= .. smuth reminded the students that they worked this out tor solinoids,
single loops, ete. in their previous physics course, Introductory Elec-
tricity and Magnetism He mentioned Faraday's role in the discovery
ot these relationships, and pointed out that industriatization as we
know it wouldn't have been possible without an understanding of

ki these processes, Then retumning to the initial example, Smith wrote
S the equattons for the systeniand went on to find the modes, working
s thiough the detals m more depth than the book had provided
i
The «iss segment Fve described iliustriates two central features o0 physics
lectures Fast, Smith empliasized the connections among phenomena made by
~.
- . O3
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the book (tor example, between springs-and-masses systems and LC cireuits)
and, when students had trouble with the “abstract” representations m the text,
he strategicalty shifted to more familiar, everyday representations. Second, and
morce importantly . he reorganized the content of the textbook into a coltection
of brict narratves. Instead of going through it section by section, he focused
on particular points and illustrations and showed actual pathways through the
myriad possible connedtions and routes in the text. As Karl's description of
smith's teaching suggests, instead of having to memorize the entire road atlas,
students could focus on particualar kinds of journeyvs.

He would take ideas and make them quite clear, without naking you
feel slow [pause] T guess for one thing he went through the course
and took out all of the very important critical points, and he would
introduce eritical issues and introduce them in so many wavs that
finally vou understood it completelv. And so vou didn't have 1o learn
absolutely all the side issues. All vou had to really learn were a few
critical points and evervthing else was quite clear after that, because
vou just put it in terims of some fundamental concept. And the whole
course came out (Karl),

In lectures like this one, then, professors ook the virwad landscapes of
the textbooks and transformed them into real-time journeys accomplished
through the tse of diagrams and mathematios: they mobilized the equations in
the textbooks ingo a visual format that the students could, in turn, remobilize
m thew jecture noies,

Mobilizing the Lecturc. Taking Notes

To get a sense of lectures from the students” perspective, we have 1o look at
the phiysical organization of the lectore. The introductory, Tower level courses
for freshmen and sophomores Gsuch as the one from which the excerpt given
dbove was takendy were taught in 2 room in one of (he older buildings on the
campus, several blocks from the man physics building (the rest of the building
was used exclusively by departments other than physics). This “physics theatre”
was designed tor large lectures and demonstrations and cad well over 100
sedts stacked in sharph angled rows. Rather than a podium the teacher had
along lab table on which to wet up demonstrations, A television mounted high
1o the side of the chalkboards and a projection booth at the back of the theatre
were also used occasionally {or dentonstrations,

For the lectures. there were thiree levels of shding chalkboards rising from
waost level to the Ingh ceillmg When ane Board was filled wath equations and
dhragrams, the professor pushed 1t ap trather than erasing 10 and continued Tus
expostion on a new board This allowed him to develop caretully and explienly
cqueations and thewr derivations tor the students and to show therr applications

(§18)
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by working example problems. Tt also gave the students time to-copy the
houard, to write it down in ther notes

The initral space of physics education was thus organized s a visl
arena for taculty performances. The professor's work was the visual facus of
the setting. He was physicatly set off from the students at the bottom of the
room. surrounded by the paraphernalia of visual display. The major focus of
vision was @ system of moving, overlapping chalkboards that allowed him 1o
save’ visual representations and refer back o carlier equations and derivations
during later parts of the lecture. There were also less frequently used demon-
stration apparatuses that atowed the creation of visual displays designed 1o
break down and restructure students” evervday habits of seeing: illustrating the
superposition principle. for example, by setting two hacksaw blades held on
end in vices vibrating out of phase. then cutting the lights and turning on
strobe-lamp at the proper frequency o show them moving ‘together

Students were spectators in this setting. At a period when physics ac-
counted for only a small proportion of their coursework, the room was 4
specil setting for undercutting their everyday practices of ordering the visual
world By the time students reached their thivd and fast course in the physics
theatre — Waves — this visual practice was pushed 1o its extreme. As Lem
explained it, Waves was the course where one became acquainted with new’

“sorts of phenomena like oscillating systems that were unfamiliar from every-

day fe and from the introductory courses.

It expands your horizons, yvou might say You get used to not working
with dolls and rocks and bricks and cars, vou get used 1o things that
are not distinet i themselves. Like @ wave onastring is not a graspable
object IUs something that's transient. And vou get used to working
with things that ¢change in time and in position. Theyre flecting, thevre
not wways there. Theyre constantly: moving and changing. Ivs not
like throw a rock this far, boom, it lands, how far away did it fand?
You cin ask more interesting questions about waves,

Courses ke Wases began to introduce students to the representational
space, peculiar to physies, that contained phenomena not tound outside in the
evervday world That is. students became participants m distributed svstems,
unlike those they could participaie m outside the program, that constituted the
phvaical wordd m o the particular way of physics DHemonstrations wete used
much more sparingly (iims never in my ficldwork), and even then required
L certain kind of “reading 1o e made sensible. A row of steel balls suspended
2 lre from sttt rods and connected with springs could represent certian
Linds of wave motions, but the semiotic character of the demonstration had
Chunged from the cather courses There, s hockey puck gliding, scemmgh
without deceleration over a plane of dnvice, produced adirect sign thockey
puckh) — veferent daw of motiony fmk I ater courses, however. a demonstia-
ton might consist of steel balls and springs ¢sign) fmbed 1o their referent
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(simple hurmonic motion) through the medium of a symbol (the wave). The
observable was no longer simply portrayed in a different fashion, it was made
to stand for something else. The physics theatre had become not just a setting
tor instruction, but a4 place where 2 different order of seeing was required —
one which leoked through evervday appearances for the flat inscriptions hidden
beneath. Within this setting, students took notes diligently.

Generally Tl copy anvthing that's written on the board. Most of the
professors that I've had, the information that is most critical is the
things that they write down on the board. T write down some of
the things that they say, but usually what they're saving is mainly just
an explanation of what they've put up on the bouard. So you're writing
what's on the board and then their explanation of what they've writ-
ten up there. Or if its for a certain type of problem. if T'm able, then
I'lE write down instructions on how to do the problem, or clarifications
on why vou work a problem a certain way. IUs generally vou write
down about evervthing that you can (Bob).

I take down most of what the professor will say, and all the details of
the proofs, unless its one that T happen to know is in the hook.
something like that. Or one that 1 know T can work out mysell fater
on And so iUs anvthing at all that T could possibly want later. That's
how i think about it but I always end up deciding that T would want
everstinng (Karh,

If vou were 1o peer over students’ shoulders during a fecture, as 1 often
did. you would see sheets of equations and diagrams with very few words on
them — nothing like my notes quoted earlier in this chapter. Part of the reason
tor this was the pace of lecturing and its visual organization. In courses where
the professor's words carricd the main informative burden Gsuch as some of
the business courses described e later chapters), students did not need to
watch the board constantly: they watched the professor, and when he sig-
nalled that somethmg was worth noung they could keep their heads down
writing In physics. by contrast, students had to move their eyes back and forth
from the board o the notepaper Gt was impossible to get the math down right
without watching what vou were doing) and 1found it physteally very ditficult
— even as an experienced notetiker — to get down anything more than the
cquations on a page Fven in this T had greater problems than the physies
students who, so to speak, knew the basic “grammar” ot the “language” the
professor was speaking and could better anticipate what was to come

Thus when ©sat in the physies theatre Tfound myselt torn between wanting
to simply sit back and wateh the board waork and concentrate on the profes-
sors” explimatons owhich usually allowed me to follow what was going on
and make sense of the physies), and frantically irving to write everything
down and feavmg class unsure what it had bheen about The students. by
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contrast. weren't simply following the professors passively, they were running
ahead of them, trying 1o anticipate what would be written on the board:

If fthe professor] says, you know, ‘let's try and do it this way', T'll go
ahead and Tl work a little bit ahead of him in my head and just kind
of write it out and see.if what I'm doing is the same thing as he's
doing. It's more of a comparative to see if my, if the way [am thinking
about it is the way vou should be (Mick).

It's important to me to try to keep a litde bit ahead of the professor
rather than just mindlessly copying what's on the board and not pick-
ing it up. And so this means I try to stay a step ahead of him and this
also means 1 get sidetracked and go oft solving my own little prob-
iems. But vou take notes of the basics of what he's putting up on the
board, how to do it. But then more importantly you're doing asides.
All of the good physics students that T work with do e same thing,
vou say, ‘ah, this is why this works™. .. You're trying to anticipate
what it is, where he's going, and what the next step is going to be
(Arnold).

You try to do more than tollow along. 1t theyre doing a proof, you
try 1o anticipate what the nextstep is going to be. . 1Us always sitting
there looking for questions and seemng if he's answering them or if
vou can answer them CAlice).

nstead of simply reducing and compressing the course into a mobile
product s management students did in theit notetaking), the experience of
taking notes w.s as tor more) important for physics students than the content
ol the notes I taking notes the students were interacting with the professors’
performances at the same time as they were reproducing theny in immutable
and mobile forms on notebook paper. I the textbooks were like maps and
charts, the notes were like nautical togs of journeys that students could accu-
mutate. compare. and analyze in a single forum — the study group sessions.

That professors “wrote the book™ on the chalkboard, taught straight out of
the book. or “explained” the hook, was thus not obvious to the students as the
Jectures untolded. As Debbie explained, the realization of these identities was

an accomphishment. a discovery
[ Like the notes in class, histen to what he says — then 1 go read the
testbook and then T go back to the notes and realize that its the same :
thing taughs) T never, say. reread the hook for aliberal arts course
I tnophysies] Treally go through it caretully because, espeaally our
physics hooks now m the upper levels, they don't work out every
thing tor you. They leave it for the reader. And this reader goes through

and proves it to herselfs bearuse 1t really helps inactually: working,



Kuowledoe i Motion

problems. or working on a test. 1o know where the background for-
mudas came from. So 1 go through it veny caretully [0} And then T do
the homework (Debbien.

The expositony sections of the textbooks were opaque. complicated, and
students could not relv on them as the primany sources of enlightenment
tthose who tned failed

T don't do readings because wextbooks put me to sleep. And I'm not
Kiddmg, it's almost ke a phobia or a mental block. T sturt reading a
testbook and 1 fall asleep. Within 20 minutes. It's just too drnv. |don’t
tearn well from books because Tike 1o be able te ask quesuons, HFT'm
reading along and T read something that doesn’t quite make sense to
me. and no matter how hard I think about it for some reason 'ny just
not looking at it right or whatever the reason that it doesn't make
sense, evenvthing they base on that no longer makes sense. It vou
don’t understand why the building stands up. then vou'll always look
at it m awe. The whole thing just doesn’t scem like it should be there
And <o that gives mie o real problemy (Lemn.

You can’t read an atlas as vou would a novel Instead, studernits relied on
the lectures to nuke the texts sensible — and on the end-of-chapter problens
that served as the focus of their homework,

Mobilizing the Textbook and the Lecture Notes:
Homework Problems

It the tentbooks were ke atlases that constituted  the landscapes they de-
serbed, and lectures were like narratives of journevs through those Land-
scapes, then the test problems” were like outings or field ups They keved
students (o hoew their teadooks and notes might be used.

I tend 1o read textbooks backwards. In other words T look at the
problem, and then T see what the textbook Tus 1o say that applies to
the problem, and then Fwork the problems and go hackwards. 1l
read achapter through, but it really docesn't help yous | mean what
vou should” do s vou read a chapter and then vou get to the problem
and then you solve 1, but i vou read the problem first vou know what
vou're fooking fors what hind of deas you need to understand cAlice.

Problemis were also the ey tishs by means of which students were evalu
ated Homewark problems usually counted for 20 10 30 per cent ol a course
prade, and the tests that accounted for the remamder consisted of problems
like those m the homework This homegencity m the task stracture of courses

Tty
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meant that students studied, and studied for tests, not by trving o memorize
formulas. definitions, or concepts, but by exerdising their abilities 10 move
through textworlds in the form of problem-solving. As we saw e the last
chapter this was a collective experience:

You take the notes and read the text and T make an outline of wha
it is that we've learned and v to put all these notes and seribblings
mnto some logical order. And then vou just work problems and work
problems and work problems. And argue about them with you class-
mates CArnold.

But in most of the classes, the notes are — vou read through the
chapter mavbe. again before vou take the test. and vou definitely go
through all of the notes and make sure you understand evervthing in
the notes, and then vou also use e notes o hielp in problem-solving.
Because most of the good professors will give a lot ot examples of
different types of problems, so yvoull be able to do the homework,
ard so when vou're working the homework vou can look back at the
examples thevve done in Cass and use the notes that way too (Boby,

students took advantage of the standardization of textbooks in the disar-
pline 1o use nonussigned textbooks as sources of study problems. These

additional texts did not describe or include ditferent things: they simphy pro-
vided addwional maps of the textspace

Almost evervhody redads things from outside the assigned homework,
solves problemis. . There's sttt from the librany . or books just pur-
ased — tor nstance. the Fevnman lectures — 1 think everybody
who's setious about geting out of here owns the Fevnman lectures
and uses them as o resource 0} They introduce the same nuerial
from a different pomt of view and give problems to work tAmold)

The additional problems these texts provided. like problems generally,
posed short journeys though those regions, they gave the students opportun-
ities to get from one place o another’. m Fevnman s €1905) words. Thus
students actively looked for problems and used them as frameworks around
which to organize their study group activities

All of the problems in a4 plvsics textbook are never assigned. >o
there s always ot there Alsa, ot of times, especially m quantam
meclunies, the teacher will bring other problems, and will leave parts
of the proot up to you to dosas an esercse And the other place s,
dcouple of trnends and ©sitaround and ask cach other about — nuake
up problems Sometimes ey relate to class and sometimes st tor
the fun of it CAlice!
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This semester we find it extremely useful o do fthe problems] in
groups . you setup the problem, and usually there’ll be ad least one
person in there who'll say, well, Tthink we can start in this way', and
if. you know, it we start working on that tangent and nothing works,
welb save welll Toguess that's wrong, lers oy something else’. Its
mostly trial and error and practice. ... IChelps because different people
] key on ditterent things when vou read a chapter or when you under-
stand problems (Kelly ),

" We work on something until we come to a problem. One of us will
_ have a problem on it And then we'll ask each other if we know how
L to do it. or “what did vou think about this? and then we'll usually —
: usually there’s someone who has some kind of idea on it, and one of
us will go up e the board and start writing out our ideas on the board.
and then evervone who's having a problem with it will sit there and

work on it together (Bob.

Participating 1 the representational organization of space-time of the
textbooks and problems was something students could not easily: do alone.
They needed textbooks. pencils, paper, a room with a chalkbourd (not easy
o o find in physics buildings, the group sessions would move from week
Tt week as space was available) — and thev needed cach other As Alice
—. explamed:

I

Fvery rarehy do homework assignments completely on my own. Its a
B very work together ddimate - When vou get stuck vou dont just sit
there and madl over it And vou don't have to run to find a professor
every tme yvou get stuck. The other thing is that they tend o pomt out
vour weaknesses. You know, Mike knows this and Tdont. So 1 guess
I need to study this more Four heads is better than one, Talking abouwt
phyvsices is a real important part of . It you just try to always think
about it or write about it 1 don't think vou ever know what vou knew

You need to talk about it you need to be able to put it into words,

what vou know. Because if you can't, then vou really can’t understand
- it And so working with other people forces you to put it mto words,
z o say what you think, to say why vou think vour answer is right and
his s wrong . We work. just going through, basically solving prob-

fems And we would just take turns Each geting up to the blackboard

B and writing the next equation, and arguing about why things are, and
' why we believe the answer s this, and there were i lot of things that
we tound we didnt understand and we argued through some of them,

IF the prograny's matertdl organization of space-time compressed students
mto groups, then the problem format provided the mediam and the trigger for
group interacnon - Althought some authors have painted to the emphasis on
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problem-solving as the generative torce behind the development of discipli-
nany mentai sets” or Einstellungen® in fields such as physics (Kuhn, 196301
think it more fruitful to say that problem-solving is an exercise in mobilizing
phenomena and producing disciplinany representational spaces. This relieves
us of the dublous cognitivist assumptions behind the idea of ‘mental sets” and
allows us to ask two important questions: why was problem-solving the prin-
cipal pedagogical mediun in physies education. and why did social, group-
eftorts became the dominant format tor working problems?

Mobilizations of the Physical World within
Disciplinary Space

As we go further tn a social, not just physical sensed from the center of a
network Gsuch as the practices of professional physicists) more and more
mobile and immutable representations are required to bind the netwaork to-
gether In physics education cach mobilization was accomplished through a
stripping away of context™ the textbooks mobilized equations by stripping
away the context of practice. the fectures mobilized the textbooks by stripping
away the context they supphied. the students” note-taking mobilized the fee-
tures by stripping away the words of the professors. and the homework prob-
lems mobilized evervthing by strippmg away all except the equations and the
diagtams. the basic building blocks of reality™ in the representational space of
physics

This relentless reduction of the world o testaal forms atlowed students 1o
construct linkages amonyg the courses in the recursive curriculuny:

1rs really kind of funny, because as one s takmg i class — at least |
aways tend to teet that its removed from every other thing s very
speatfic And then vou'll be taking another class, and then and only
then do vou start seeing the overlap, and once you get really into
things, it~ all a Ing contmuum (Paul)

Atter vouve taken a course and vou're on 1o the next level, yvou see
how that course really helps vou to get 1o where you dare now. And
vou do that cach step of the way. As you're actually tking it you're
Dasically trving to get thiough the course. pass, get agrade, and
untortunatehy ind that Tdont understand it as much white ' taking
i as Ido afterwcards — when Pve seen evervthing, then 1 see how it
Al <ot of fits together and intertwaines (Debbied

Fachi exposure 1o a topic actoss the conrses and vears 1o mscnbed the
toprc i ever more mobile, mathemanzed torms Gormmg what Latour calls a
‘Caecade of representations’) This mobilization through increasing torntaliza
non” made it possible 1o bind together the various courses of the carrenlum
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. in a wiy that connected them in turn to the heterogencous spaces of the

disciplinary network. Latour (1987) suggests that formalization is a wav for
- disciplinary networks to stabilize their control over a region of practice (to
— inipose or maintiin a spatio-temporal structure):

When people wonder how sabstract geonietry or mathematics may
have some bearing on reality’, they are really admiring the strategic
position taken by those who work inside the centers on forms of
forms. They should be the weakest since they are the most remote
tas it is often said) from any application’. On the contrary. they may
hecome the strongest by the same token as the centers end up con-
trolhng space and time: they design networks that are tied together in
afew obligatory passage points. Once every trace has been not only

written on paper, but rewritten in geometrical form, and rewritten in
cquation form, then it is no wonder that those who control geometry
and mathematics will be able to mtervene almost anywhere. The more

“abstract” their theory s, the better it will be able to occupy centers
mside the centers <L The more heterogencous and dominating the
centers, the more formalism they will require simply 1o stav tcaether
and miintain their imperam p. 245,

_ As the mobilizations of the equations became more formal (o bind the
Large netw ork) group activity became important precisely because the empir-
ical” world had been factored out of the equations. Students moving through
the curriculum graduadly lost access to evervday, familiar referents, they were

torced to draw upon cach other to formulkate abstract referents (phenomena

s existing in physics’ representational organization of space-time
i Kuhn ¢1974 put his finger on the technology of physics education — the
problem — but missed its function in suggesting that:

Doing problems is learning consequential things about nature. In the
absence of such exemplars, the laws and theories he [the student] has
previously learned would have littde empirical impact. ... The student
discovers, with or without the assistance of his instructor. @ way to see

his problem as like a problem he has already encountered. Having
seen the resemblance, grasped the analogy between two or more
chstinet problems, he can interrelate: svmbols and attach them o
nature mn the wavs that have proved effective betore. The Taw-sketch,
sy = mi has functions as a ool mforming the student what simi-
Linties to look for, signalling the gestalt in which the situation is to he
- seen The resaltant abthty to sce a vartety of situations as like cach

ather, as subjects for = ma or some other svmbolic generilization, s,
P think, the main thing a student acquires by doing exemplary prob-
lems, whether with a penatl and paper or in a well-designed Libora-
torv (pn [RS8 [8)
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Kuhn's cogmtivist reading ignores the social nature of problen work tlearn-
ing to ‘see” connections among problems wis a social, discursive accomplish-
menty, but even more problematic is the noton that students were “attaching’
something to nature, “Nature', at least the way we constitute it in everyday
practice, was precisely what had been purged from the problems. Indeed. it's
not clear that this level of problent work was even relevant to the represen-
tational practices of physicists. Paul, the only student among those T inter-
viewed with experience in a major research tab, observed that:

Academic problem-solving .+ is so completely removed from what
vou have to do, ultimately. 1 mean, you're never going to have to sit
and figure out how a penny spins and show it mathematically. And on
top of that, evervthing is set up for vou. It's so completely orhogonal
to real ife situations.

If there was any nature” or empirical reality” to be tound in the problem
sets it was a reality constrcted by and in the practices of problem-solving. As
Arnold explained. looking back from the perspective of a student near gradu:
ation, the introductory courses had provided:

A better intuitive grasp for what's going on. By the time you've gotten
into classical dynamics or classical electrodynamics the mata is so
powerful — 1Us just amazing to be able 1o solve these problems that
vou had 1o slave over in earlier courses just in one line. Butif your
only inttoduction 1o these coneepts— is through this very powerful
mathematics, vou're going to lose touch with what's going on behind
the math, with the physics. And so vou develop. perhaps. your intui-

tve grasp of the real world in the introductory courses, as well as just
an abidity 1o comprehend this mathematics and apply it 10
levels process. In graduate school Tl take exactly the same thing le g,
mechanics], except at a higher level of mathematies.

Comments like tus illustrate the importance of intuinon” and physicality”
iboth of which were accomphshments won through vears of coursework) in
the discourse of phvaies. thev rooted physics in e reals objective workde As
Alice's comments suggest, s sense of possessing a privileged aceess to the
physical world was 1 constitutve element of being b physicist:

You can'tlearn the higher mathematic content it vou don’t understand
the principles belind it I mean. you have to keeparear good grasp
on what s phvsical and what isn't or else vou'd be a mathematicrn

But what does this discourse of physicaliny entail? In Alice’s account
Below . s hair is no longer something vou sit i, it has hecome an object in
the representational space-tume of physics
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When vou take mechanics at the freshman level, you don't solve
anvthing that's real. You're working with fricrionless ropes and
frictionless rods and frictionless pulleys — T mean massless rods —
nothing is taking into account all of the little perturbations, the lule
things that make life interesting, and make a problem interesting. You
can’t, you know, solve what happens when yvou push on a chair. 1
mean a chair is a complicated object. iUs not square, it's not spherical.
it's not shaped like a0 rod.

ematical terms. Mathematical formalization became the necessary bridge from
the pre-physics notions of physiculity that the students brought with them o
the program to more “abstract’ disciplinary notions of -concrete” reality. Karl
explained this better than any of the other students T interviewed, He began
by saving that he tried to keep evenyvthing grounded in a physical understanding:

What was ‘physical” or “intuitive” here were forms describable in math-
When 1 study physics, what 1like to be able to do is be able to reduce
evervthing that T know down 1o a few concepts which make sense
hased on a physical level. So when T look at a step T like to be able
to reduce i, 1o take that equation and understand what it's saving on
a physical level,

then he went on o explain what he meant by physical’

The framework that Tve had has changed considerably from the time
that T came in, especially when T got into my quantum mechanics
classes. where a ot of things aren't physically interpretable, but what
vou do is start out with @ set of abstract postulates and come up with
it So that was a very interesting idea — 1o have abstract postulates,
'minterested in math too, and that was very exciting to me, very
mteresting, T had a sudden eealizaton that the physical postulates —-
the physical” postulates — were also abstract, that Tjust saw them,
that was all (Karh

This notton of “abstract physicahity " s widely accepted among physicists.
The Physics survey Committee (1972, tor example. defended coltege physies
programs from the charge that they over-emphasized the mathematies and
tumned | students into nundless equation solvers’

One reason for this preoccupation with formadism s the Lantastic growth
of quantum medhanicos and s mipact on most of physies: But there s
at feast one other cause To ook at a problem from the proverbial,
and somew hat subjectively defined, physical point of view may seem
hike the natural, innate, human approach, but actually it requires time,
patience and expertence to develop phvacal intuiton Although good
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teaching can help a student substantially in this process of maturing,
there is no reason to discard the Jearning crutch provided by easy
familiarity with formal manipulation. Excessive mathematization of the
curriculum for its own sake is certainly undesirable, but the use of
formalism is obviously to be encouraged whenever it can eliminate
impediments to physical understanding (From Physics Survey Com-
mittee, 1972, p. 763),

This is a distinctive ontology, one in which mathematical formalization is
necessary to eliminate the impediments’, presumably common senuous experi-
ence, that hinder physical understanding. As students encountered the ssame’
subject matter over and over. abstract tormalisms became physical intuitions,
the physical’ became tabstract’. I's as though the further one moves trom
cevenvday space into the space-time constituted in the representations, the doser
one is said 1o move 1o reality, to nature. “Nature” itself is that which connects
heterogencous spaces, and those connections are mathematical forms. As
Fevnman (1963 puts it: “If vou want to learn about nature . it is necessary
to understand the tanguage she speaks in. She offers her information only in
one form: mathematics” (p. 58),

This did not mean. of course, that the students confused the everyday
with the physics world, that Alice could no longer simply sit in chairs. or that
Karl made no distinctions between cars on the street and clementary particles.
The students moved through the representational spaces of physics as, and
only as. components of “distributed” actors that included other students as well
as therr professors, their teatbooks, and their pendils and paper. The curric-
ulum Jdid not annihilate the evernvday world, but it created a different real
world in representations of space

As Jong as we deal with discrete “local” phenomena, we can formulate
them m conerete, modalized representations “based on simple experience with
cvenvday objects’: pendulums’. for example. to talk about sin:ple motion, LC
dragrams to talk about clectricity (cf. Feynman, 1965, p 127 When we wam
to examine many dispersed spaces and phenomena, however, it's necessary to
represent them in forms that are mobile and unchanging How 1o connect
pendulums and dircuits? Our everyday associations help little: it's diftficult o
visualize the two phenomena as one. But the connection is easily accom-
phshed it we transtorm them ito mathematical representations. An equation,
as Latour (1987 puts it ‘tes ditferent things together and makes them equiva-
lent (p 2380 The more spaces we want to connedt, the greater the range of
phenomend” we bind, the more mathematically involved the representations
become and the more problenatic intution hased on evervduay experience
becomes

But this was not the entite story Phyvsies students, somewhere me the
coutse of their undergraduate studies, stopped focusmyg, simphy on the prob-
lem of mobilizing evervdas phenomena — transhating them into mathenitical
forms <o that they could be connected o other mobilized phenomena — and
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instead Began to work with representations that had become detached from
phenomena — second-, third-, or nth-order mobilizations (Latour. 1987, pp.
243~ 1)

While it was important for the students initially to link equations o visual
representations of physical systems suchy as cireuits, after a point. like sailors
operating far from shore, their primary media became the equations them-
selves. They tollowed the chain of mobilizations until the links themselves
were all that remained in view. the initial anchorings had receded into the
distance Instead of functioning as models of physical sy tems, diagrams and
other visual representations became partial illustrations of mathematized sys-
tems. and once into the quantum mechanics portion of the curriculum: the
phenomena students dealt with were no longer approachable except though
the mathematized represcituuonal organization of space. Traweek (1988),in
her study of high energy physicists.™ describes them as building:

an extrenie culture of objectivity: a culture of no culture, which tongs
passionatel for a world without loose ends, without temperanment.
gender. nationatism, or other sources of disorder — for a wortd out-
sidte hroman time and space (p. 1020 emiphasis added)

In the undergraduate physics program we can see the beginnings of the
practices by means of which physicists move out of human, everyday bodily
space-time. and into the textual space-time of the discipline lust as the mate-

nal organization of space-time in the program pressed students mto groups

and closed out outsiders. the 1epresentational organization of space-time con-
nected students with a domain of practice maccessible to outsiders. The tra-
iectontes of disciplinary practice fead almost exclusively toward a refatively tew
organized centers -— rescareh unversities and laboratories — where powerful
technotogies of representation and construction mobilize the world in a form
malleable to the discipline The result is atightly organized disaiplinany actor-
network, one o which people physically distant and never in face-to-face
interaction can work together on speafic mobilizations or constructions of the
world (theories or experiments)

The mobitization and compression of the world into disciplinary spaces is
not. however, the only way a0 discipline can constitute itself as @ powerful
actor-netw ork In the nest two chapters Pl examine the muanagement program
asanother wan of educating practiioners for powerful disciplines, one which
moves them dong trajectories into loosely organized acetw orks and mobilizes
therr practice ma very ditferent tashion

Notes

Ay, thete were tour meranens b thes d tihen lughe schiool physics cotrses,
whiclousuialhy coner the same ground s the st two college coutses,albait o

—‘l R.
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nuthemaneatly simphified forr, Sharon Traweek (1988 suggests that this recursive
curriculum reflects o strategie withholding of the truth common to long novitiates.
Students.

learn that information taught at cach state s often distorted or partial. @
verv rough approxmation of the truth, which s o be disclosed at later
stages Noviees dare thought to be unsunted to a full disclosure of wruth in
these fiest vears ¢p 801

As the text makes clear. Bdont think this s the whole storv cand for the
taculty s part B ihink it was ess an unwillingness o share the truth wath entering
students than the fact that ‘the truth” as they understood it could only e expressed
n terms not vet meanmgiul to students)

2 Inany organizational ficld donunated by an oligopoly there are strong pressures tor
product standardization and homogenaits tef Peterson and Berger, 1973, Dimaggio
and Powell, 19831 Since the extbook industy selt has an ohgopical structure
cCoser. Kadushin and Powell, 19820 there is a general pressure for the standardiza-
nen of all texts moa given market area In the case of physics — an oligopically
structured discipline — these pressures seem to have produced arigidity

3 As Kubn 19700 has obsenved. such o textualization of disciplinan practice s
common featare of seience fields orat least, we should gualify, ther educational
components)

To an eatent unprecedented moother fields, both the lavian's and the
pracutioner s knowledge of science s based on textbooks and a tew other
tvpes of lnerature denved trom them vKuhn, 19700 p 137)

v The wop twenty graduate programs m-the Natonal Academy of Science C1983)
tankhimngs listed thuty-six tents i ther descnptions of undergraduate prepataton.

S Few of the textbooks m use when | studied the program sere under o decade
an the undergraduate management progrant, by contrast. none of the textbooks
was more than five vears old)

o Chawedh goes on to analy 2¢ what shie calls the ssublmmal” imessages i atestbook.

but dees not examine how textbooks are read or used by stadents or faculty

The hghtnmg rod” example was o fanuliar trope in phyvsies texthooks prior o

Woorld War 1 te . saunders, 19300 pp 334-5)

R Trawech s study shows some of the other practices — those of expernmentalists
workimg with expenmental machmerny — that constitute the space-tme order of

plivsies Agam, undergraduate programs are onlv a begmming. the students who

graduate from them do not emerge as tullv-fledged disaplman practiioners.




Chapter 4

Constructing and Isolating Academic
Space in Management

The student’s career on campus is trivial ds compared with future
rewards and responsibilities, but given certain common conditions.
his experiences dre an unwitting preparcation for the executive role.
Years of education” have many implications for the type of student
(er) who attends school with more vocational than intellectial pur-
pose: (h) who wishes to participate widely on campus and yet craves
good marks, and (¢) who for these and other reasons is forced to
budget his time Dalton. 1958 p. 1641,

The physics program’s compression of space, exclusion of outsiders, and
mobilizations of physical phenomena represent one example of how a sci-
ence” begins to shape practitioners by connecting them to the world it con-
structs. In this chapter and the next Tl examine a very different way of producing
soctal spaces atal actor-networks: that of corporate enterprise. at least as it
nuanifested itself in a management program that created an extensive but frag-
mented disciplinary space and mobilized social phenomena in bodily prac-
tices Where the physics program pulled its students out of their bodies, the
management program reconstructed and mobilized student bodies.

If the physics program was like a moving pathway shuttling students into
disciptine-specific material and representational organizations of space-time,
the management program was more like a boundary that simultancously de-
fined and created points of passage between two regions: the academic world
and the business world. It follows that the discussion of the management
program and its students won't have the structure of the preceding chapters.

I'he material orgamization of space-time in the physics program gradually
cut off physics students from other material spaces and separated them from
students in other programs. The management program, by contrast, congre-
gated students” coursework in the business school building by their third vear,
but atlow ed stidents from the ditterent business programs to mingle with cadh
other. Whereas physics students” coursework consumed their waking houns,
the coursework in management wis never so denunding as o occupy the
nigority of students” tine outside the classroom.,

The tesultm physics was the creation of a disisibuted actor. the problems-
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solving groups. that could sustain the massively reductive educational textual
space-time produced by the representational practices of the discipline. In the
managenient progeam. by contrast. students intersected with large networks
that expanded social space instead of compressing it Instead of a dense social
space that linked a small group of students together with strong ties, nuanage-
ment students were tenuously linked by wedk ties to a potentially enormous
network of practitioners. These weak but highly extendable ties were fash-
ioned through the bodily practices and styles of sociability that were part of
the progranys material production of space.

Reversing the order in which T dealt with the forms of spatial production
in the physics program, Ul examine that material production of space-time and
bodily practices in the next chapter and begin here with the representational
production of space m the program. The reason is that the katter, which in
physics vaas about mobilizing and compressing phenomena into disciplinary
forms, merely produced two rigidly separated domains in the management
program: a weak. subordinate macademic” world defined by the representa-
tionul practices of the business school, and a robust real world” defined by the
material practices of the modern corporation. T want to show how this division
was produced before examining how it connected students 1o domains of
disciphnary practice

Variable Points of Entry

In contrast to the 5.000 Bachelor's degrees awarded in physies cach vear in the
Ussabout 190000 Bachelor's degrees were awarded vearhy in business at the
e of thes study, 17 per cent of them in nanagement cHugstad, 1983, pp 12,
L

As ek of practice. however, munagement” isn't just Larger than phys-
s s also more internally difterentiated and more spanally dispersed «Whitley,
1951 desarbesatas o fragmented adhocracy ™ The maost prestigious business
schools are graduate institutions that de-cmphasize or don't offer undergradu-
ate degrees i business ficlds These graduate schools orient themselves o-
wards producmy workers for the growmg managenal ranks of the modern
corporanon (Chandler, 19771 Other mstations. like the one T stadied, have
mantamed speaalized undergraduate magors white smltancousty buildmg
up therr graduate programs «of Whecler, 19060, pp 02- 1)

Afthough graduate and undergraduate programs have difterent goals and
student chenteles, there s aension betw een the tw o monstitutions that con
tun both At the unmnersiny 1 stadied. an ascendant Lcoion ot the management

department’s Liculty concenttated on graduate educanon and felt that mpros

g the reputanon of the department meant de emphasizmg cor chnmmnating)
the undergraduate program We do not put . lot of ciaphasts on the under-
graduate program . the new department chair tobd e

v
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_ The widely-held philosophy in this departiment is that the studenis are
i better off getting more of a Liberal Arts education at the undergradu-
' ate level, with enough professional training so it that's their last de-
gree then they are employvable!

Teaching responsibilities for the undergraduate courses had been shifted 1o a
small group of older. tenured faculty, and @ number of non-tenure track in-
] structors (for the most part retired executives hired as adjunctsy
One consequence of this situation was that, unlike physics. where shifting
. teaching assignments distanced professors from the content and facititated a
' texthook-hased standardization of the curriculum. undergraduate management
i faculty tincluding adjuncts) essentially owned” their courses, defined the con-
ent and function of the courses for themselves, and taught them vear after
vear This connected the undergraduate management program 1o its organizua-
tional ficld very difterently than the physics program. The graduate component
. m muanagement was oriented towards academin Gnthe PhD route) or the
' managerial ranks of national firms an the MBA route), while the undergradu-
_ ate component oriented tself tow ard the lower and mid-nunagement ranks of
regional enterprises.” many of them linked 1o the business school through
Aumni. corporate contributors and recrunters, or through the faculty who as
—<:_-‘\ consnitints or tormer exeeutises rettined close ties 1o regional firms,
— The result was that bemng an undergraduate management major seemed
= 1o mean hde more than geting on any of a number ot pathway s that nught
lead 10 a0 good job m one of these regronal firms after graduation. Students
< cortld step onto these pathways at varous times m their college careers. There
were not, s in the physies program, spatial and temporal boundaries Timiting
students” entn mito the management program to an carly stage in then aca-
demie careers There was none of the progressive compression of spatiat and
tempordl practices and soaat ties that characterized physies students” acadenmie
cueers from high school onward ' Only one of the management students |
mterviewed, m fact, had deaded o maor i the field in hagh school The
others ook advantage of the program’s wemporally loose course-taking re-
- quirements 1o move into it m the middle of their college careers
_ By 4 ctoose” course structire inean that although there were many re-
- i qinred cotrses Gsee Appending 1 there swere few prerequisite: restricions on
when they could be tahen Tl allosed students o compress equired
cotsew otk mto . nummal number of semesters, they could switch o business
mn ther second or third vears, choose management as o magor then final year.
and it the courses mnto then schedules without gieat difficutts
sone stodents, The Cuttis, Toe and Jack, began college m programs wath

sttong exclusonany pressites anther case engimeenng, a program with deadhy
weed out conrsestand swatched o management beaase of grade problenis
Rart, tor example, moved o management from the presdentistey program -—
which he 'donby gone into m the tist place becanse tus gitltnend was adental
assistint - swhen second vear dhienusiy kiched [hus] ass™ Busmess oo, Tad

82 .
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introductory, lower-division courses atmed at weeding out students: notori-
ously punative courses like ¢conomics and business nuithenatics. As Sheena
recdlied. her freshman economics class met at

Nme o'clock in the moring Monday, Wednesday. and Fridav. [l
never forget that class taughsy, He always tdked 1o the chatkbouard —
always talked to the chalkboard. And. vou know. it's one of those
classrooms that goes straight up. T alwavs sat at the back because T°d
alwayvs come to the class a minute before the bell rang. And he locks
the doors I vou're late vou don't come in. If he forgets to lock one
of the doors, “cause there’s two entrances, he vells at you and he will
ask vou to leave, You must pay attention, vou must take notes. or else
he'dl ask vou why vou're not taking notes. It vou fall asleep in class
s deadly A tew of us did that

Courses like thisc und the business school’s minimal grade point average
requirements tthere were none in physicost winnowed the study body. Unlike
physics. however, the goal was not 1o produce @ small, highly-motivated co-

hoit of students, but simply 1o reduace the very Large number of students who
wanted business degrees.”

The magority: of students were not refugees. however For some, Tike
Delbert and Velma, the program was a tall-back when they found they wanted
business degrees but didn’t have an interest i any partcular ield For other
students such as Dell and Rhonda. both of whom were double-majoring in
nurketing. the management degree was simply i hedge against job shortages
n their preferred field This also indicated, of course, the students” tlexibiliy
or lich of conmutment 1o g speditic occupanon Dl for exampie. Tiked mare-
Keting best. but was conadenng an internship in insurance undemariting on
the advice of fus girliriend’s boss ewho was m the insurance ficldy Curtis
wanted 1o work for o bank. b recognized that with the banking industry i
dslump tus might be vposable: Rhonda wanted to swork m marketing for a
niyet phuarmeceuncal cor, oration, but had discovered through contacts in the
Neld cher Tather was a doctor that they rarehy lured emplosces directly out of
callege

Finaliv, some students went into management sinply because somebaody
suggested it to them Clare tor example. maored - management because
she d read an wticle i Workong Women magazine descnbmg hospial admim
istation: das o grow g fceld, not because she had any poor mterest im manage-
mient o hospitals For Dorothy the deasion too maor i management w.s

iy Lathier s Choosmg Fawasntsure what Dsanted to doas i biesh
man. and my father sads why dont vou do business, and <o b said all
nght. and he sad, wln dont vou get, quote. the eastest and most
hberal degree vou can get i the schaal of busmess - which 1 be
hieve 1o be management
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The choice of management as a major, then, in sharp contrast to physics,
had little to do with the field iself. It was the product of expedience, the
exclusion of alternatives. or the result of external direction or advice. Tt follows
that the program itself was not defining identities and interests — it was not
advancing a problematization — in the same fashion as the physics program.
In the next chapter Tl suggest that the program was mobilizing students in a
way that made them particularly “suited to the problematizations of a whole
range of corporate actor-networks to whom they might be connected. Here,
however, T want to note brietly one aspect of the different constructions of
gender in the two programs.

Management students were drawn from a more diverse array of family
backgrounds than physics students. Parents of the fatter were college educated
and tor the most part employed in the corporate. academic, or government
sectors of the economy . There were also working-class students in physics,
while T never encountered them in management Galthough there are bound to
have been somed Instead. the parents of the management students included
smiall businessmen and lower-level managers as well as professionals. and
their educational backgrounds were varied: some had not gone beyond high
«chool “Tt was the position of women in the two programs. however. that was

“most strikingly different.

In a sense. if physics was a prototypical ‘male” program (part of a rigidiy
structured career sequence planned out years in advancee), students’ trijec-
tories mto the menagement major resembled the loose, episodic structures’
that Dorothy Smith (1987, p. 66) says characterize wonien's lives. not so much
4 career as  series of contingencies, of accidents, so that | seem to have
hecome who T am almost by chance (p. 651 While 90 per cent of the phivsics
nidjors were men, an equal number of men and women nijored in manage-
ment. While women are still disadvantaged in actual managerl practice (Ranter,
1977, several characteristies of the management program 1 studied opened it
up to women

First, the much more porous socio-spatial boundiries of the program
deflected some of the potential pressures on women pursuing a traditionatly
male field in a predominantly male busimess school with a faculty: heavily
dominated by men The principal forms of social organization and support
were located outstde the academic setting, in groups that were in some aases
composed exclusively of women te g the sororities) Women m management
didn't have to depend on, et atone work with, the nmale students second, the
relavvely small number of courses requiring students to- do - group work on
Cases of solve problems may have been afactor accounting, avery probleme
onented field where students did weork together on homework problems an
groups, was prmanly male Fmally, management was nowhere near as e
comnsutmg s physics Women majoring in the iiekd didn't uve o devote the

preponderance of therr waking hours to it nor did nugoring in management
commil one to luither education or to o highly determined caicer path The
Women maonng n o management saw themsehves mthe fuiire moving m and

&t
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out of various jobs. perhaps changing careers altogether at sonte point. Melinda,
for example. was about 10 take a personnel job upon graduation, but in the
longer term she wunted 1o get married, have a family, and perhaps work
programming computers out of her home: T want 1o work 10 live, not live to
work™. While male management students expressed similar sentiments, such a
statemient would not have been made by a serious physics student of either
gender.”

Unhike physics, then, where enrolment meant taking on the identity of
physicist’. @ member of a scholarly community exploring how the world
worked, @ degree in management” wasn't attached. in student or facully eves,
to a particular identity or ideology, or to the ‘masteny” of a particular body of
knowledge.

Courses That Do Not Constitute a Network

In physics, the temporal frame of academic activity was the entire sequence of
physics courses leading 1o the Bachelor of Science degree Faculty and stu-
dents alike looked at the coursework as heing substantively connected. either
n the sense that later courses drew on practices introduced in the carlier ones,
or in the sense that topies andtissues were being eveled through in different
courses at different levels of complexity. In management. by contrast. each
course wis essentially self-contained and separate from the courses that pre-
ceded o followed it Unbke the time tframe in physios that stretehed aeross
courses and vears, the fifteen weeks of the semester was the relevant temporal
unit m management cach course built up to a chmax cusaally a final westrand
was then forgotten” as students began the next semester with different profes-
sors. students, and subject matter

Where phvsics compressed social space inward ow.ard the small problem-
solving groups operiatng m the academic seting. and cotled ume through the
recursive treatient ob topics, the management program cxp;mdcd students
soctal space and fragmented ther nme into segregated. short-term: eprsades
By expanding soaal space T mean that the program estended the frame of
student actnvity bevond the baundanies of the academic seting by connedting
stidents to student organizatons and busiess pracutioners By tragmenting,
tme b mean the program created aemporal order camposed of unconnected
dctvates the courses didn t bald upon o relate to one another, and classwork
consisted of boet, disciete tasks

The most stithing consequence of the short term ume frame was that
students couldn't evaluate then comses an rerms o then hnkages o past o
future acadenie experiences, and <o werghed them directy i terins of what
they considered the cotrses evervdany o real world relevance stadents chdnt
question the general nnportance ol accountung m busimess practice, for ey
dmple. but they werent sure of the relevance of the two required accounting
COUTSCS TO L LIAgaement career von Know af vour'te m basiness vou ll\ll.l”)
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have an aecountant working for vou’ (foe) Irrelevant” courses were either too
theoretical”. like Introductory Organizational Behaviour, which had students
memorizing bits of organizational theory from Taylor through McGregor. or
too spediatized, ke the Introductory Operations Management course, which
required them to learn equations and do a lot of math problems. Students
weren't the only ones who questioned the value of the quantitatively oriented
management scienee’ or Joperations Management’ courses The adjunct fac-
aly of the program. recently reured from the managerial world, flatly ques-
toned their relevance. and one of the graduate students teaching the course

conceded that:

Axa matter of Fact. when they get out into the world, Tm not sure how
much contact they It have with the operations side of the business —
At least in the United States the operatons side has been neglected for
a long time and everything was run by the finance people and the
marketing people: So 1 really don't know how to answer that question
— when they get m e real world, how much help will it be”

In any event. hoe courses were taght seemed 1o nake litke difterence
10 how students thought of them. Both marketing and inance were very large
lecture courses  students were usually only required 1o take notes on the
lectures, read the textbooks, and take multiple choice tests over the material.
Yol miathetng was disliked while finance wasn't. Markenng Tacked practical-
iy Joer and according to Dorothy consisted mainly of numerous facts that
I didiit think were paricularly relevant o anything in bfe” The finance courses
diew more posttive reactions from students because they were considered

apphicable o evervday e As Claa expluned

(I the Manageral Finance clissh vou learn about investments, and
vou learn what is 4 good investment. how to determine 1t something
s o good mvestment or a had mvestment. You can really use that It's
el pracucat T mean, it can he practcal onoa perse mal tevel orata

corporate level

Fach conse, then was werghed torats relevance o the work world.
external spaces tather than s relevance o oiher courses s relevance was
weah the students udged the cousew ok harshiv in the management pro-
YL COUTSCS WeTe Plk'\lllllL'd y,mll\ untl proven mnocent Delbett s comment
Mustrates the undetlvmg suspicon

T T probahily sound bad. but Tdon tsee how alat of these Lasses
e usetul atallm the Busiess world Tinnk the most usetal dnng s
capenence mtcrnships, that tpe of thing: T mean. unless youte out
thete, voute not gomg to leam how busmesses wan through bo ke
and sttt Tnean von get vour baste deas, b T hnow, one of nn
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triends got a job and they tooked at himy and said. anvthing you
fearned m the book. forget o, because we're going to teach you the
way 1o do it our way' (Detbert),

Management students considered their coursework sstilted’. that is, 'more
connected 1o theory, less connected to action” (Rhonda). The physics program
avorded this problem — or rather, made a virtue of it — by creating a hermetic
disciplinarny space that produced disciplinany: phenomena in the introductony
courses and then mathematized them through a recursive curriculum. The
program enrolled students in organizations of space and time where it was
mperative 1o deal not with the physicality of the everyday ssubjective world',
but with the phenomenal world constructed in the representational spaces
of physics. And 1o get access 1o the phenomena of physics — the colliding
particles, oscitlating systems, and so forth that were constitutive of physics —
one had 1o do physics tor learn 1o see evervday activity in physics terms).

In management. students were similarly pulled between two competing
actor-networks tning to impose definitons on the phenomena of the busmess
wotld: the prograns on one hand and on the other the business world itself.
encountered through sunmimer jobs, familial connections, and most importantly
through the sodial networks they encountered in the business school. Unlike
physics. however. the managenient prograny's interessements failed and the
acadenue constructions of reality never approached those of the business world
m importance tor the students For the moment TH suggest that this lack of
enrolment was . consequence of the faet that there wis no obligatory: course
sequence i the program

Students Shaping the Course Sequence

The spatial and temperal organizaton of academic work in the management
program was shaped by student practice: Instead of having o it ther ives to
the program’s space-time regime. students could move i and out ot the pro-
wram aath relanve ease and i s academic requirements into their ongoing
patterns of activity. Physics students” nme was monopolized by required covrses
that had 1o be taken in astrict sequence: Management njors took many more
clectives, and while some pans of required courses were sequenced (e g the
WO ccounting coursest there were no substantive links between them As g
result, management students didin't move tuough themr courses together and
the carncutum wasn't 4 site for fornmng triendships and crafting professional’
identties However, the tragmented course sequence did toster ather forms ol
socttl organtzation that « ould mipose @ structure on te varmble carmealar land
saape ook firstat how stidents mobtized ntormanon about courses and
protessors, then at how they mscribed and mobilized the comses themsehves

Bocause the content of nmundagement courses varted trom professor to
professor ceven more so than mother busmess ficlds such as accountimg
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audents choices about when and from whom 1o take 2 class shaped the
space-time organization of their coursework.

These choices were guided by student-organized advising networks in-
sead of the official advising system run by the business school ™ Some of this
peer advising was infornmal: during registration, for example, when people
congregated in the business building cafeteria to exchange information:

In fact 1 had several people come up to me going “What classes should
[ take? And Fm going “Well, you want an casy semester. do you want
an average one, or 4 real hard one? Or do you want to learn a lot or
not learn a thing? (aughs)y - And vou get the general consensus
that it's a tough class but you do learn something. And. ah. usually just
people — vou can walk around the business building the week be-
fore preregistration ... and you're going “Wait a minute, what's this
person like? And everybody's in the cafeteria and theyre helping
cach other: “You don't want this person!” (Sheena)

More often information on courses and faculty was managed by student
organizations According 1o Rhondit, students in the Management Organization
group would tell her such things as “This is a4 good course, this is a fun course,
this teacher’s really good. this is a course where you really have to work hard
to make an A but its very worthwhile. Things of that nature.” Sometimes
meetngs were arranged specifically to allow students to counset cach other:

This next coming Tuesday. the Management Association is going to
have a fmecting] about — we're just atl going to get together and help
cach other out on who to take who not to take. Or, it you want to
take this, this 18 what vou're going to have to do” So people know
what to expect. It makes vou feel like — maybe it muakes vou feel ke
vou have a jump on the next guy — and you probably do (hetb.

Fratemitices and sororities (whose memberships were disproportionately
composed ol husiness majors) had - institutionatized this process. sheena

explamed:

With the sotoritios o« fratermtios, what they dois ke they put, like
they put them all into alphabetical order They put “Money and Bank-
ing” and they H put Dr X beside it and they T have a st TheyIl have
£ good list and 4 bad hst Ana the bad listare usually professors that
are incoherent or something s not kosher. And then you have to
put vour nane under the sttt you wrote down  Fhat means that
people i come 1o vou and ask you 'why didn’t you like this class”
Like people will conte to me and theyre poing to ask me well, Sheena,
whn didn't vou like Managerial Finance with by 727 And I'm going to
g0 hasically hecause of my attitude, Tdidn't care wanted a grade.
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i wanted out of that class. 1 studied for it Twas just frustrated, because
I tricd and 1 couldn't do it And therefore Tdon't like the class.” And
thevre gomg to go, 'oh. OKS And TH go, "But, sou know, if voure a
finance major and you get into economices and accounting, then that's
fine, vou'll love the class. But for me, uh-uh” . L L So its what people
want, it's not just good or bad "

instead Of having their spatial and temporal trajectories shaped by pro-
gram requirenients, students organized the space-time refations among their
courses  Schedules were composed for veasons unconnected with the sub-
stance of the courses. As Curtis explained:

I hate 8:00 clisses. And also 1 liked getting out early in the after-
noon, which is OK. So T changed miy 12:30 class to 9:30 so T could get
out at noon. instead of having to hreak 1 have three straight
classes. . Td rather go twice a week for that than three times a week
for S0 minutes — although theee times a week goes by really quick
as far as when vou're in there. ... And also, another thing T like is 1o
be off on Fridays. I've done that on three semesters, Tve been oft on
Fridays

Instead of a curriculunt producing a compressed. disciplinary social space,
as in phvsics. management students shaped their currcular sequence to pro-
duce a minimal disruption o other social activites This construction of the
curticulum as an aggregation of unrelated courses, in conjunction with the
temporal and spatial fragnientation that resulted from the course selection
practices Pve described, ted management students to- representational prac-
tices for mobilizing cororsercork rather than disciplinary: phenomena,

Representational Production of Academic Space-Time

In the physics program note-taking, studying and problem-solving were parts
of a1 cascade of representation that enmieshed students in the discipline’s rep-
resentational productions of space-time. Physical phenomena were reconsti-
tuted s stable, mobite and combinable torms that could be worked upon in
physics practice In the management program, by contrast, students inseribed
or spattalized the social practice of their dasses in movable forms that could
he combimed and consumed in atesting sitiation. These strategies of inscrip-
ton vared from course to course As Dorothy explained:

For it course stuch as the management class T takimg right now, ah,
he fthe professort emphasizes his lecture notes Twrite down as much
as T possibly can - partially because Tdo not want to miss anything,
partidly because it keeps me alert it o constantdy writing .. and |1
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study the notes heavily becase he stravs trom the book, he doesn't
feel the book is complete ... As far as the book is concerned, T don't
spend as much time oncit as T would other classes, simply because he
cniphasizes notes

Professors were the definers of relevance. Rather than performers demon-
strating paths through a text-constituted space, management professors tried 1o
use texts to tormukate distant spaces tcorporate settings and practices) that
students were supposed to reproduce in movable forms (notes) and combine
with textbook representations Gwritten cases or theorny summaries). What hap-
pened, however, was that students treated extbooks, lectures, and other tasks
as representations not of the business world. but of the end of the semester,
the test

As faras Fm o concerned, the fiest dav, when they give vou the syltabus
and they Tay out what they expect, that's probably the most valuable
cliss You know exactly what 1o do o get a certain grade. T don't
dlways do it but vou know what you need to do. So T usuadly just go
with the flow of the chiss, see how the class shapes up and what 1
need 1o do, iy 1o fay it out ke that (Helly

I think intonation — just liow teachers spedk, vou know wlat's im-
portant 1 think basically it vou just go into a cliss and histen, a teacher
gives so numy hints about what's important its realiv casy o pick
out . Abso I've gottens into the haba ofahy it the teacher emaphasizes
that the book is very importnt, when Fmoreading it 1 go through and
outlme evervthing  AhL T think T'mea good listener in lectures And |
think 1 tuke good notes. 1 think T'mabic to capore what the teacher's
tving to say fairh well inomy notes, and <o ats hasically just stdy ing
my notes and the book (Rhondao.

P tahe notes during class, whenever the weacher writes something on
the board T oput it down. Anyvthing that he repeats 1 pat down, or
anvthing that seems important to me Tl put down. Or if he's a teacher
that just follows the book strictly, FH e flipping through the book and
underhming what he has covered in the book, or putting a chechnurk
by it or cnching that page number, senbbling a note in the margm
tHormne?

Probablv the Tachrest attubute 1 have s that o able to pick out wha
the teacher savs that s mportant It may come braom alieady laving
reacdd the test 1t the weacher's saving something that the teatbook sawd.
that s mpottant 1t the eacher s using an illustratne story, that's not
as mportant oowrnte down in detail. Ah, definitions are alwavs i
portant - Lists are abways important Charts and graphs are always
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important. Ah, it’s quite simple if you've read the material and if you've
paid attention to the syllabus and what the focus of the course is. If
vou've focused on that focus, then vou should understand what to
pick up (Melindad,

You know what to concentraie on} mainly by what the instructor

cmphasizes. .. Ever since I was a freshiman, Pve always believed that
if a teacher wrote it down on the board, it was important enough for
me to learn it. It it's something the instructor puts more force behind
or spends mavbe a lecture or a lecture and ahalf onit's important.
The textbook. if it's, ah. if it's — simple stuff, if its bold face. if its a
title of a topic, or if it's continuatly repeated in the textbook. you keep
being referred back to it ¢ Jack).

In sonte cises professors gave tewer cues and students had to wait to see
what kinds of materal were being asked for on tests betore knowing what
portion of the textbook or the lecture to include in their notes:

Somie teachers are just really difficuit 1o t2ke notes from — no type
of structured lecture or anvthing. Tust kind of oft the wall. Like Thve
zot a finance teacher now who just foves throwing quotes, and litle
stories out of The Wall street Jorrnal 1 have no idea what to write
down, so. .. in that class, Tty 1o pick up on high points. He'll say
something out of the book, and Tl make a note of like what he said
and the page number Try to tollow him in the book. He goes pretty
pood about following the book He just doesn’t really elaborate much
on it And on the first two tests . owhat he's said out of *F ok s
what's been on his tests, and not what he's draw ne Wall
Street Joural. So T dont even write those notes downe T just study
what he savs out of the hook ¢ Joe).

I Like notes and 1 reswrite my notes, and 1 abso take nees from my
readings, and then T eombine the notes from the classes and readings.
and that's what i study front — and hope that 1 picked out what
they're gomg to test over Most of the tmes Tdo Sometimes | have
neiden where they got the matersal for the test — s not sl Twas
studving tlaughs) (Sonias

Just as students compressed and mobilized the test like aspects of thew
protessors” performances in then notes, they distilled ther estbooks to-extract
testable itenis mconpressed orms Enlike plivsics textbooks: sl were
tools and stiuciuing resources” thave, TOSS) for group study activity, manage-
nient textbooks were consuntable commodities You couldn’t get at the spaces
and tnes of “physies” outside texts of some kind, but management students
Gme 1o the view tiat management” was necessanly ordsiede the test Testhooks
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were irrelevant to “business reality”. In terms of academic practice. manage-
ment students didn't have to move through a text-space or build space-time in
text they merely had to mohilize the texts in forms that could be combined
and consumed (in short-term memorization) for one space-time event (the
final test). Thus I'm less interested in the ideological assumptions in manage-
ment texts (e.g., the depoliticized view of corporate life they present, see
Pfefter, 1981, p. 1) or in their accuracy (see Pethia, 1983) than in how stu-
dents compressed them into more mobile forms.

Some students simply drew on their knowledge of tests as texts to trans-
form Cedit™ the hooks into test-preparation tools:

As T read the book [ highlight what 1 consider to be important and
beginning from a week to two weeks before the exam, depending on
how much material, T start going through and making outlines of the
chapters in the book. Not as in Roman numeral one, a, b, ¢, d. as in,
vou know, just summaries. 1 feel that the knowledge, the muaterial is
put into my head beter if T read it and write it down. . ..
[Nespor: How do vou know what to highlight in the book?|

Ly to stay away from sentences that are blanket definitions. They
stand out like a sore thumb, vou can tell those. T rarely ever highlight
those.
[Nespor: Why not? Twould think that's what's most likely 1o be on the
tost]

Beaause in bold tvpe it's obvious that it's important. So T don't tuke
the time to underline it Usually vou can pick up a blanket definition,
just on an exam, vou know, it's obvious, ‘number C is the Dlanket
dehnition’. So i there are any blanket definitions those are pretty
much obvious o me (Dorothy).

Other students tried 1o first compress the texts and then combine them with
the classnotes:

W hat T usually do, T get the hook out and outline the chapters Then
I get the notes and kind of interrelate them with what 1 just outlined,
and then st study like: Tdoget o legal pad and outline a page a
chapter. tuving to put down all the good parts. And then with a dit-
ferent colour pen Fd put the notes in and stuft, and study like those
for the next couple of days (Delberty

In mianagement Al -studving — academic work in or out of the classroom
—- wiis focused on the tests orin the classes that used them, the papers. aise
reports or game simulations that determined grades) While students differed
i how they compressed testbooks into mobile formats Cand some didn't read
the hooks at all, wccepung that this would Lt their grades but caleulating that
itwouldnt hurt them too muchy, all of the management students Tinterviewed

used therr mobiliztions of the lectures and texts to compress the course spa
tiallv and temporally into as few pages that could be consumed ina short

TR
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period (days or hours) just prior to the tests. “Studying for the test’ (a test being
the ultimate compression of the course) meant replaying the course in a spatio-

temporaily compressed form:

For atest . . . pritnarily Twould study two or three days before the test.
I felt like T could remember it better. So I'd go through, three days
before @ test, and maybe read all the chapters, go back. highliglt
chapters, and then from where 1 highlighted 1 would take notes. 1
figure if T write it down, I could scee it on my paper and 1 could
remember the material a lot better. T'd do that primarily for essay and
multiple-choice tests € Joe).

Evervbody goes. vou know, ‘well, vou should keep up with your
reading. and all that stuff all the way through the semester’. Well, T did
that on my first round of exams, and T got all Cs. And so T said blow
this oft". And so my next. .. risk management insurance exam . ..owis
over six chapters. So the week before, T read all the chapters, and 1
outlined evervthing, and teft it atone, and the night before [ went over
all the outlines: got 1 96 on the exam. Cool, I've figured this one out.
And so 1 did that for alt my other exams and 1 got nothing below a
90 So T said. “okay, now T've figured it out’. .. T have to wait — that
way it stays in my memory fonger, and 1 ean remember it 15 T study
something in January and [ have to take an exam on it at the end of
March, I'm not going to remember it (Sheena.

U onamiy focus it Defore tests, .. Tmnot one of those good peaple
that comes home from the lecture and reads over the lecture and
learns it then. T've never been able to do that, That's not how T study

1 study a ot before tests (Rhonda)

You memonzed it for the test and adter the test was over you forgot
what it was all about Qaughsy 0 1Firs a class Tfecl ke T gomg to
have difficudty in, PIEstudy them iy notes] every night My manage-
ment chisaes tight now, Tdont feel very threatened by them Fmean,
[ take the notes, and then |look at themy the night after class — it i
don't, fine — and then when test tme tolls around Fadways start at
feast a4 week ahead tor eveny test And 1 ospend one night getting
organized, and then atter a night of organizatuon, then Tgo moand stant
spending two o two-and-a-hall hours o mght unul the test. - Just
reading them over | rarely re-outline my notes or re-write them. The
e w.y with textbooks, | dont outline the textbooks T highhght
but T don't jor notes down 1 don't outhne testbooks € Jack)

lll.:

¢

Like Sheena, most of the students had heard, and learned 1o ignore, the argu-
mient that “good study skills” meant studying regularly throughout the semester
rather than crunming. For most, cramming became standard practice:
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This compression of time reached extreme proportions in some students’
practices They delaved studving 1o the fast moment to force themselves 1o
pick out the test-relevant material and ignore the rest

[y 1o read the material and then T go back through and just — the
night hefore the test — 1 usually postpore it until I've got just a few
hours 1o study, and I'm forcing myself 1o just skim and just hit the
lighpoints. And 1 can't atford 1o waste tme with material that's not
important. And somehow 1 just tend to prioritize it without think-
ing aboutt. . Tl skim my notes. .. In high school T never studied,
period. But 1 did just fine. But in junior college 1 had 1o study alinle
bit more than in high <chool. but not much. But 1 tound that it |
crammed right betore the exam T did about two letter grades better.
Like T would make an A rather than o C. W T studied the way they
il vou 1o studve T just couldnt seem to —— mavbe 1 learned the
material better, mavbe it staved with me longer it 1 studied the right
wav, but it | want to make high grades. the best wav o do it is 1o cram
tDorinnel.

Fven when such practices didnt produce high grades some students took
pridde m their abiliy 1o make adequate grades with a mimmal expenditure of
time  Curtis was the most hardeore crammer ot this tvpe

Frest of all. the notes of course. concentrate on them, You have to read
the sylabus just a ot of tmes 1o get hints on things to stress Or theyll
ene himts on whether the book's going to be more miportant or not
more mportant . T dont keep up with miv reading on a regular
hasis hke vou should 0 Tmea crammweer. Like Tsaid, 1rhunk T know
low 1o study real well T oreally do. e good at pichkg up what's
coing 1o he in the test Fmgood at knowing what to study, because
somie of the crammimg Fve done i the past, normal people wouldn'
he able 1o pass and Fean pull Bs or Cs oout of sl that people
wouldnt even be able to pass, penod Forimstance. not 1o be proud
of tus. but i mv intermediate accountmg, which is hard staff, and |
really didntkeep apon there because I taking it pass fal, so for this
fist test - 1 was really pretty rough, and T studied the night before
for about 1o howrs. 10 or 12 hours, and 1 ostaved ap sl 5 00-incthe
mornmg, gotan how'ssleep . Tread tvo chapters albthe was thiough,
kindd ot hard readimg. kind of long,and 1ost flew over the homew ok,
[hidnt waork at myself T st looked ar the answers and figured out
how thes didd it SWelly Tended up making ke a ¢ oncthe esame bug
Hhe T s, aTot of peaple with that tvpe of thimg wouldnt be able 1o
I mean. there's o lot of people whao e keepig up. domng alb the
readimg, domg the homew ork, and they sull make CsoAnd Faan do
it Iihe the ught or two betore and nuhe a0 € So btk as Looas

1o
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knowing what to study and how to study. T think F'm pretty good at
that ... On that same thing, it T read the chapters and kept up and
studied say. three hours every night. every night, then T eould make
4 lot better grades. 1 could make As. And [ don't make that many As
hecause of my stady habits, the way 1do it Although when TLostay
up all night writing papers T usually do well in them (Carnis,

In physics the chapter-end problems were short journeys through physics
space that allowed students to make sense of the expositorny sections of the
teantbooks. The test items were similar 1o the weekly homework problems
except that the students had o work the former alone and within a linted
time period In both kinds of activities. students had to use the mathematical
formalisms of the discrpiine to move through the test space. In nanagement

the problem was quite different. The students” task was o compress the space

and tinie of 4 particular course tits fectures and its textbookesnto a form in
which it could be. in 4 sense, consumed st prior to and then regurgitated in
the test setting, Melinda, a straight-A student, deseribed an extreme version of
this process

The most helptul thing 1 leamed 1o do was 1o condense niv notes
Because having to condense them means that vou have to understand
them And [ would condense it down to the smallest outline form and
I could almost always reduce an entire chapter to a page And so
when it cime to d final tme. instead of being covered with this huge
tenthook over here and 20,30, 10,50 pages of notes over here — let's
<y the textbook had 12 chapters and the wacher had staved with the
testhook, Td Tuve 12 pages in front of me Sometimes only the front
of them Because would write real small, so it wouldnt e too much
for nie 1o handle. cause it looked like one piece of paper: 1 ean do
s Tt would all he on one picce of paper, so 1 counld skim through
1. and 1 would <lam through, T would slam through those picees of
paper to the pomt where 7 condd go through the entire conrse in
abont 10 mnutes hefore an excam’ That's what [would do before my
finals Idjust read my notes faster and faster and faster and condense
them and condense thent cMelinda

Understanding the coutse meant being able to compress it spatially and
temporally, to reconstruct it na tormat that resembled the tests m their spatio-
temporal parameters

The Circulation of Academic Commodities

W hen 1 st started domg ficldwork T routinedy ashed students it they'd give
me then notes atter @ course was over §quickly reahzed Teouldn't do much
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with the physies students” notes, that it was the process of taking them, uving
to work ahead of the professor's lecture, that was important, not what was
written down. In management, students had other uses for the notes and
wouldn't give them to me. Melinda was the only management student 1 inter-
viewed who destroved hers 1 just saw these mounds of paper that were too
big for me to ever go back into. or 10 care to. You could never find anvthing
m them.” A few students kept thers. though usually for no particular reason
tas Joe putit. L think T keep them just 1o have proof that 1 went to college.
Only Rhonda claimed 1o actually use old notes:

My notes: Tkeep themin afile cabinet. and 1Tusually do end up going
back o them a ot for other classes. ... There's one class where T'm
working on —t's & marketing class and we have 1o go back and do
4 lot of financial analysis, and so I've gone back to my accounting
notes and gone through some of that (Rhondad.

Most of the students in the program, by contrast. gave their notes to other
students ' Notes, tests, and papers done for a class were routinely circulated
1o students about to ke the class, A5 one student explained:

Fsave all tmy notesh T have them all up on a shelt. Some people 1
know. vounger, I've given them to, and I've gotten a ot of notes from
people. . You might have an old test or two and vou can see how
they e doing it It helps a Lot to study off of those. That's been a big
difference thus semester, too. Every single class that Tve had was re-
commiended to me. 1 think that's made a big difference, no question
thell

Aot of times, TlE ke all of miy notes, plus TH copy someane elses
— nota lot, I've done this with two cotrses — and copy someone else’s

notes to supplement mine. o get both of our's perspectives (Clarn

Notes were passed down across generations of students:

A lot of people, . they come up and ask “did vou have such and
sucha ckess? Yeal, "What were the tests like? "Wl here's my test,
- old test, my old notes and sttt T mean, I got all these notes from

other people, they just keep getting passed down the line So, T mean,
I have themealll and T had 2 lot of them Pyve given away So they ve
come i helptul, ke me usimg other people’s notes, cause I mean. its
the sune class, but thevl get staft out ob i navbe, that 1w ouldiel
have  Cthat's been really usetul 1S just another set of notes that |
wottd comarde with my notes, which 1 would then coincide with the
outline of the chapters to try 1o get the basic sdeas, the nain points o
the course (Delberd
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Tests and writing projects (term papers) were also circulated:

I save them alll LT sive tests — Ty 1o save as many tests as I ean.
And I put them in the Phi Chi Theta test file, for other people. o help
them. . In fact I'm bringing some caleulus tests today (Clara).

These test files were not secret. In addition to the ones controlled by
student organizations like Clara's, professors of quantitatively oriented courses
wueh as finance usually put sample tests on file in the university library — and
students knew of at least one course with tests on file that were still being
used. Papers. on the othier hand, were circulated only through student organ-
izations. Bart, a senior, described the practice of writing projects:

being passed on and somewhat amended in different areas to change
it a little bit. So vou've got a 20 puge project that's due tor professor
N, and vou've got a friend that says “hey, T had professor X, 1 did this
project, tet me give it to vou.” I think there’s a lot of that going on
Either that, or modelling it after another. Which would save @ lot of
tnie (Bart).

Sonid, 4 commuting student who didn’t belong o any student organizations,
told me that

[students] that are m a fraternity or soronty — it they have to wiite
paper they have tons on file they can choose trom, aad qust kind of
re-write it linle bit T mean, Ive had several tell me that's what thes
do. . And they muke real good grades, but Fdont think they Team
anvthing (Sonia).

Neither Bart nor Sonia was espectably upset by this practice calthon h
they said they didn't indulge themselves) and both seemed 1o think that e
professors were aware of it — Sonia suggested it was one reason sofew
papers were assigned in business courses. In terms of iy argument. this o
culation of coursework reflected o spatial compression of academie actniv
that allowed students to organize the curticulunt in arepresentational space
time — ¢ g, laving out syllabuses and course assignmients on - tabsies and oy
Antining various possible configuratons — just as they organtzed the matenal
space-time of the program through their course-taking decisions These adn
ites, once agam, did not mobilize distant business-world phenomena. or create
£ phenomenal wortd in o representational space. or even help students 1o
become facite with the discipline's representational technologies instead. thies
led 1o the crafung of commadities that had only local exchange value tex
change for a grade, exchange in the stadent social networks) How was this
separation of the management program from the busmess world accomplished?

g~
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Separating Worlds

We can examine how the sirrelevance” of the management courses wis ¢on-
structed by looking at the last management course students took: Managerial
strategy. Faculty called this the program's “integrative course’ because it was
supposed to foree students to use what thev'd learned in previous classes,
especally accounting, finance and marketing,' in coursework ‘relevant to real
business practice. Of course, given the study practices I've described it should
be no surprise that students couldn’t draw on their previous coursework and
recounted experiences similar to Melinda's: As a straight-A student she was:

very surprised o Jearn what T hadn't remembered. T go through all
these classes but vou ask me what T learned in my Accounting,
Financial Accounting, T don't know. 1 really don't know. [ passed the
test and 1 forgot. .. [ guess business is just something vou have to
work with everv day to keep sharp on it But 1 had to sit down the
other duv and really learn what T learned in Financial Accounting,
surbace, 1 had 1o fearn beneath it

Managerial Strategy taculty accommodated students by brietly reviewing
the needed subject miatter from previous courses (which was, in any case,
mmimah, and moved on to the tvo nuin components of the course: cise
analyses csome done indwidually, some done by eams of two or three stu-
dents) and the "Busimess Game” - computer simudanon i which the st
dentss split into teams, competed agamst cacti other running firms in an
TNAZINANY CConomy

the Business Game

Phe Business coime or Bogame ,as e was known to students, was o computen
sunulation of nnubacianng s Geams ot three or four students) conipet:
g wath cach other m o the simgle marker  Students chose their onn teams,
but rarely knew other people m the class and thus often worked wath strangers
Fach ream began wath the same assets and had 1o make weeklv decsions
about how many tems 1o produce. how many machines to buy, which regions
to-expand mtos how much o pay salesmes Hiow much o borrow, and <o
forth These deasions were entered into a computer whete a program deter:
taned boaw many atems doe teams would sell, what ther profits wouldd be, o
sotorth Teams soere tanhed at the end o cach week con the hasis of prof
andhrenesconamvestnen o and grades were asaneded onthe basis of the groap s

anal tanking Accordimyg 1o one of the designers of the simulation

Fhe Dasie goal of the game s o rewand carctul aeatve plannmg and
i develops o skilb i analv zing what s happenmg and then reacting

Oy
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to the competition and other factors that are cither favourabie or
unfavourable to the partners and the firm,

In the terms Tve been using, the goals of the designers were very ambt-
tious they wanted 1o produce versions of disciplinuny social spaces — teams
in competition for real rewards (gradesr — and they wanted the groups 1o
employ disciplinary representations of space (plans, cte). In practice, how-
ever. the students” strategy” and planning” were not directly assessed. The
professors embraced an imagined. representational space of the nurket” in
which the groups” ‘monetiy” outcomes could be treated as veridical evidenee
for the quality of their stategies.

We tollow the principle that the quality of strategy and the quality of
their implementation s reflected intwo things: the ol net profit
carned and the way they deal with the assets under their control. They
have the opportunity 1o shrink them or expand them: and so we grade
them on two things the net profit carned and the return on total
investments And we measure them and they are then ranked: from
one o wen

A the students interpreted this, 1twas e end result rather thun the logie and
depth at then planning, that counted

Pmean. that s the whole goal. that s all they care about over there, s

we have o make money Fmon achiss nght now where 30 per cent

of my grade depends on how muach money T nake m tis imuaginan
company Thats the whole thing They dont care how |doat ust so
fonahe money  Aned that s the cmphasis mothe busimess schaal
Afelindao

The game's empl asis on short ternn prohit nasimuzanon rather tan st
tegie phinmng swas we v known i student lore When Bntersvies ed Deonatlin
hetore shed tihen the cotnse. shie tithed of Tuving

Beard some horror st ahout people who have really approached
4oanonallv, tang 1o be an ongonig concern,and nake big espend
twires now o will pay ot i the tuture - and tins class only Lasts
thiee menths e these s teally no future and they end up consist
ently bemy the Towest ninked group Snd Tuve gotten quite o lot of
ansiely out ol that So Plusve o techng Do gomg to keep that n the
Ik of v mond make money, make noness mahe mones T the
shott )

I sone awavs s shor e onentation neny not luve been unreasonable
Flanvey 110891 for example, ponts out that the space e conmpression of
national and intermanonal economies
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mukes it extremely difficult 1o engage in anv long-term planning. . ..
This means either being highly adaptable and fast-moving in response
to market shifts, or masterminding the volatitity. The first strategy points
nuinly towards short-term rather than long-term planning, and culti-
vating the art of short-term gains wherever they are to be had. This
has been a notorious feature of US management in recent times (pp.
286-7).

The problem with the game, though, was that in addition to the short-
term orientation it had a lot of features that made it seem unrealistic to stu-
dents. Bart pointed out that the tactics and strategies allowed by the game
were severely limited:

vou don't have lead time, you can make contract purchases and single
order purchases, and, yeah, you save money by contract purchases, but
that's almost obvious, I think. So areas need a little bit more intricacy,
to be able to wke more input from you.

Jack, who had worked for manufacturing firms in summer jobs, pointed
that the game decontextualized the social nature of business practice:

the B-game is fairly random, mainly because vou don't have a whole
tot of information. Tt's actually kind of vague, considering — like
entering markets and stuft like that, that you know nothing about. 1t's
highly unlikely for a business, vou wouldn't enter the market if you
knew zero about it, zero about the price and about vour competi-
tion . Here in school its all done on paper. You don't see the items
come in, you don't see the items going out, you don't understand the
severity of a back order, because on the job vou have a customer
screarming down your neck asking you where the product is, and in
school its just, “well, you have a back order. That's cost you $10 this
quarter.” That's it So it's a big difference, because fin the real world]
vou're deating with the public and you're dealing with the items them-
selves instead of just witching the items flow on paper.

Of course, as the physics case demonstrated, the tact that a pedagogical
activity doesn't resemble disciplinary practice doesnt mean it can’t senve o
enrol students in the disciplinary actor-network. And as Jack's comments sug-
gest, the business game paralleled in interesting ways the homewaork problems
of the physic, program: the group work (here computsory rather than student-
mitiated), the weekly eyele, the completely textuatized interaction with the
subject matter. Indeed, the creation and use of the game probably reflected an
atteapt to make management and management education more scientific’ in
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some sense. The problem was that students” trajectories through material spaces
— | had already scquainted them with business practice: they were all, in a sense,
in the position of the physies student Paul who'd worked in a {ab and hence
_ saw academic problems as “completely orthogonal to real life situations'.

— . Instead of ‘rational planning” — the legitimate way of temporalizing busi-
' ness activity from the perspective of the professors — students dealt with the
= game by making ad hoc, situation o situation decisions. Velma, for example,
gave this account of how she went about making decisions:

As far as analyzing ratios and that kind of thing, 1 didn't do it, I kind
of work with my gut instinct: “lets try this, I think it'll work” or it looks
like the price is what's going to make the difference here, this quarter,
= based on last quarter.” And then it turned out through experience
' Im the b- game] that it was how much you paid your salesmen that
' “was going to benefit. So it was just kind of a gut instinct. We had a
. strategic plan, but we didn't really stick with it all the way.

Ssheena was even more blunt:

We had no idea what we were doing the entire time. We came in -#th
. [out of 10] daughs). Had no idea at all. Someone said “watch inven-
tories”, so we said “okay’, so we watched for it. We had no idea at

y all .. we had fun doing it 1t was kind of “well, lets try this™. And |
- think that the main thing that was kind of frustrating was that there
wis NO wiy to get your salesmen to sell more. without — “cause they
would say {the computer would send a messagel, “okay, we want an
- increased salary” — you'd get a little notice “salesman =13 will quit if
¥ vou don't raise his salary by $100 or $200° or whatever. So we'd raise
it. We ended up paving these dudes $2,000 a picce. And they had like
80 per cent commiissions, and they had expense accounts that wouldn't
quit And we'd raise their commissions and they'd still want more
salary. “No™. So that ate our lunch as far as our fixed costs. I learned
a lot that way, I said like "can’t we have little promotional deals, give
lide bonuses or awards or something? But the computer program

savs iU's not possible.

Such experiences led students 1o conclude that the game was meant to

teach them how difficult and unpleasant it was o work with other people (o
. a person, management students disliked working in groups), to teach them the
— randomness of the business world, to teach them that there would be situ-

ations where they'd have to make decisions without the necessary informa-
non, and to teach them that their superiors (i this case the professors, who
were pointedly unhelpful in explaining the game) would rarely offer direction
or take responsibility for a decision tcf. Jackall, 1988).
. 101
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Cuse Analyses

In addition to the simulation, the Managerial Strategy course required  stu-
dents 1o do a numiber of analyses of business “cases’. The case is a nationally-
distributed representational technology that had its origins, according 1o Orth
(1963, at the Harvard Business School, where its the basic pedagogical tech-
nique cerployed in all of the eductional programs” (pp. 32-3). According to
the Harvard Business School Catalog:

In the business world, where every decision must be appropriate to
the specific situation and no two situations are identical, it is the
ability to analyze, to judge trends, to weigh diverse influences, that
leads 1o sound judgment; and that ability can be developed only
through practice.

Therefore, from the outset the students at the Business School
discuss cases, e, real business situations in which executives take
action and are responsible for the results. .

The students study the case individually. Then they meet in smiall
groups for further exploration, sharing their varied backgrounds of
experience and sharpening their ideas in argument (quoted in Orth,
1963, p 33).

The case was the most pervasive pedagogical format in management
cducation, and variants of t could be found in most management textbooks:
in the introductory texts scases” might be no more than briet vignettes, but by
Managerial Strategy — the final course in the curriculum — they were full-
blown, running 20-30 pages. accounting for. the vast majority of textbook
pages, and stractunng the majority of students” course activity. They followed
a typical tormula: the depiction of a particular firm (usuzlly @ real enterprise
ke Mary Kay Cosmetios or Coors Brewing ), described in a certain vocabulary
of finance and management, as at a decision point® in the history of its opera
tion. In analyzing the case students were usually expected to assume the role
of ‘managerss weighing the information provided and making a -decision’
about the hiroy's tuture. In theory what's important is not just which decision
students make, but how they ustity and explain their decisions.

Constder the case as @ technology for mobilizing the world, Corporate
anagement’ was not enacted in the material spaces of the business school.
Instead, it was mobilized in the contents of textbooks, lectures, and so forth
that flowed through the space-time of the program along with the students
The particular substance of the mobilizations — the firms and decision issues
that the cases are abowt — are fess important than their form and function,
which presumes a ratonal” decsion-maker with access to all avaitable infor-
mation selectmg a well-defined decision option in a depotiticized setting,
Harvard exported this echnology for constructing the substance of business
cducation talthough there are now even bigger secondary distribution points),

-
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and simultancoush that is, by the same action) established it as an obligatory
passage point in the the network of representational accumutation G you

‘ want to describe business practice for business education. you must use the
format and comventions of the case)d

What was being mobilized in the case method? Tt was not the professors’

ideals of rational decision-making’ tef. Orth, 1063). At the school T studied

students viewed the cases as short-term tasks 1o be done for a grade. with only

the thinnest of connections to the sieal world” of business. Although the cases

used in the stritegic management course were descriptions of events in the

lives of real corporations. they were temporally and spatially dislodged from

the world of business. Students read them as incomplete accounts of past

history:

— Well, 1o be honest with vou T don't really know {[what the point of the
case amalysis ish T think it might be a litde bit more beneficial if we
could read the case, solve it ourselves, and see how it was actuatly
<olved. and whether that solution worked or not. But as far as just
solving the case on our own: we don’t get any input as far as what
— actually happened in the case. We could be shooting in the dark all
the time ¢ lack),

As Bart explained: “Were using old cases. but they tell you not to ke ok at

what's happened since then ™ In spite of the authentic nature of the meaterial

: ithe cases often incorporated documents and data produced in corporate prac-

~. teed. the cases moved the business activity they described out o corporate

space-time — in which problematic situations have to be resolved and conse-

quences follow from the decisions of managers — into the frame of academic

o work. where a multitude of decisions were allowable Gt students could make

4 good case for them) and the only consequences that followed were the

wrading and evaluation decisions of the professor. Rather than situating stu-

dents in the social space-time of business the cases distanced students from it.

As a result, students treated each case as a distinet event. They didn't use what

they had applicd in one case analysis to analyses of fater cases — least not

the way the professors probably wanted them to: Curtis houasted of re-using

the samie graph and chart. unrevised, in different case analyses, having guessed

that the grader was focusing on the quality of the graphic work rather than its
— wubstance or relevance 1o the case at hand:

1t Listen to this one. T used — 1 showed Delbert — the same.
where's my old case — {shows Dorothy his Walt Disney
casel — Look at this [shows her an elaborate graphl Wak
Disney — 1 got 4 good” on i, 1 even got agood” on it

Dorathy: What'd vou do the graph on?

Crrtis Look, Mary Kay [shows hier same graphl.

Q
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Delbert:  same graph! [general laughtert.
Curtis. A photocopy.,

One way of discussing these kinds of accounts would be o suggest that
the program achieved the irrelevance of its courses by transforming academic
knowledge into a kind of commodity, spatially and temporally segregated
from everyday practice. exchangable for grades (Kvale, 1983, p. -+45). In such
situations we could speak of academic knowledge being mivstified. Grades
and knowledge would “appear as independent beings endowed with life, and
entering into relation .. with one another” (Marx, 1967, p. 720 see Nespor,
1990¢, for a different perspective on the grade economy in undergraduate
education) Lave and Wenger (1991 evoke this line in suggesting that:

where there is no cultural identity encompassing the vty in which
newcomers participate and no ficld of mature ¢ for what s
being learned  exchange value replaces the use value of increasing
participation. The commoditization of learning engenders a funda-
mental contradiction between the use and exchange values of the
outcome of learning, which manifests itselt in conflicts between learn-
ing to know and learning to display knowledge for evatuation (p.
12

One of the problems with this analysis, however, is that "making deci-
sions” for their short-term exchange value may well reflect the practices of “full
participants” in the managerial community (e, the distinction between ex-
change” and ruse” value may not hokd for "political Libour (Collins. 1979) as
opposed to productive faboun). For example, Jackall (1938) gives this quote
from an -upper-middle fevel” manager as a representative statement on the
nature of corporate decision-naking:

There's a tremendous emphasis put on decision-making here and in
business in general. But decision-making is not an individual process.
W'¢ have training programs to teach people how to manage, we have
courses, and all the guys know the rhetorice and they know they have
to repeat it But all these things have no relationship to the way they
actually manage or make decisions. The basic principles of decision-
making in this organization and probably any organization are: (1)
avoid making any decision if at all possible, (21 if a decision has to be
niade, involve as many people as you can so that, it things go south,
voure able te point in as many directions as possible (p. 78,

Management students may have approximated ‘legitmate practice” when
they subverted the stated functuon of the case method and opted tor short-term
reward and the use of rationality” as rhetorie rather than the cultivaton of
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rationality” as practice. Indeed, rationality as practice may exist only in aca-
demic representations of space, fulfilling a kind of allegoric function in the
nunagenient students” educations.

The Case as Allegory

‘Allegories’, as Smadar Lavie (1990 puts it, are texts telling an individual story
1o convey a lesson for the whole group, a private story that attempts to rep-
resent the collectivity as a whole' (p. 290, The “case’ is allegorical in just this
sense: not that the particular business situation described is supposed o
represent that of all firms, but that the processes and circumstances of rational’
decision-making it formulates are defined as central elements of the practices
of managers considered as a collecuvity, But Lavie also goes on o quote
Greenblat's (1981) argument that:

Allegory arises in periods of loss, periods in which a once powerful
theological, political or familiar authority is threatened with efface-
ment. Allegory arises, then, from the painful absence of that which it
claims o recover, and, ... as the paradox of an order built upon its
own undoing cannot be restricted to this one discursive mode, in-
deed. .. . the longing for an origin whose loss is the necessary condi-
tion of that longing is the character not only of all discourse but of
human existence itselt (p. xviii, quoted in Lavie, 1990, p. 303

The business “case’, 1 think, is best understood as an allegory of a tech-
nical or “instrumental” rationatity celebrated by experts and bemoaned by the
academic left, but in practice a representation of space accomplished not by
corporate officers managing companics but in the practices of academics and
analvsts. If the program had been part of a trajectory leading students into
academia Gand i the social space of academic management studies were con-
tiguous with the spaces of corporate practice), the cases, like the textual forms
in physics. might have functioned as spaces on the page (mobilizations of
distant practices). But management students were on a trajectory out of acu-
demia. There was a divide between the academic program and business spaces.
and case analyses were thus more like public perfornances of “rational” decision-
matking that. in good allegorical fashion, established for students the absence
of that rationality. The case was a space-in-the-page. an imagined or represen-
tationdl space that could not be produced outside the social space of the
academic program. Students used case texts as parts of ritualized performances
mstead of working on them to become producers of a disciplinary represen-
tatonal space Gas did their peers in the physics program).

In the end, then, | don't think itd be appropriate to say that students
described the management courses as irrelevant because of intemal peda-
gogical charactersties or a lack of connection to real-world business practices
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(b this were how things worked surely physics students would have found
their coursework far more irrelevant), Irrelevance was not an inherent feature
of the courses but the outcome of a struggle between the school and the work
world: the consequence of the school's failure to enrol students in an aca-
demic network

But, again. it won't work to just say that the program didn’t enrol students
in the academic discipline. There are always multiple actor-networks vying
to enrol people and things, and the fact that students coming o the pro-
gram along such diverse trajectories could feave it with such similar accounts
of their experiences suggests that there had o be another, more powerful
actor-network working within the business school context, creating interesse-
ments separating students from the academic portion of the curriculum. Where
[ could tell a story about the physies program as enrolment into a powertul
network, there are two stories o tell about management: the one just finished
of the failed enrolment of students into an academic network, and the one to
come, of their enrolment and bodily mobilization in business.

Notes

I The department char's comments also reflect a particular kKind of rhetoric com-
mon amoeng busimessmen and business educators sinee at feast the Laite 19508 a
valuation of broad training and a rejection of specialization and vocationalism
cGordon and Howell, 1959, Pierson ef al | 1959)

However, as Gordon and Howell ¢1939, po 117 pomnted out long ago. there
i~ & cortan schizophrenie tendenay” in the corporate attitude. a stated desire for
liberat arts preparation. but recriiing practices that emphasize specialized voca-
tonal preparation in business. In part, as Jones CEO86, p. 129) suggests, this reflects
the specilizaunon of the hirmg function and ats decoupling from the decision:
nuking domains of top executives.

2 Adunct faculty could be quite entical of the rest of the department, though few
tensions” arose beciuse the adjuncts were essentially solated and ignored by the
regular faculty (ef, Nvre and Reillv, 19790 One retred CEO of a0 middle-sized
regional corporation, whose clective course on management trends was very popular
among students, complained that the students were the Torgotten customers |
think these hastards (the regalar taculiy] chase around aned play polines with cach
other - Another adunct faculy member commented that much of the emiphisis in
the department seemed to himirrelevant on the basis of hus 30 years as a manager
with a multmational corporation

3 1 should be emphastzed that these deseriptions of ficld structuration refer to the
rndergraditate programs n physies and management, not to the ficlds themselves
tor the Later see. egn, Whitley, 19840,

v The ught coupling between umversity and high school coursework tound i phys
108 was absent m busmess High school husiness courses were not connected ©
undergraduate programs of studv Students who'd taihen Ingh school busimess
courses and espected college busimess courses to hea continuation of them were
quicklv disdlusioned

S There was, in lact, a kind of cascade of programs that students descended as they
were pushed out of demandmg programs. white business got manv ot those who
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left engineering and the sciences. the liberal arts got many of the students who left
business. Thirtv-seven per cent of all students graduating with sociology degrees
over 4 one-year period were former business students who'd flunked out of the
program ({rom a transcript analvsis).

A notable difference between the two ficlds was the level of “oceupational inher-
tance . None of the physics students had parents who were physicists, but several
of the husmess students were consciously choosing to follow their parents into
business — although in every case the students had initially tricd njoring in
non-business field. The inheritance of business occupations s apparently relativelv
common Werts (1973 using survevs of freshmen in the carly 19605, found
srong father-choice” model guiding students” decisions to major in busmess: -+
per cent of all males choosing business as amgjor were sons of business men ¢t
per cent was the figure for physics) thiere were no parallel caleulations for women.
apparently because so few women chose cither field at the time). Hurtado (1989)
also found a strong “inheritance” of business as a“career field tabout 28 per cent
among freshimen of both sexes). Three of the students Tnterviewed fell into thas
pattern.

Hearn and Olzak (1981 argue that men are more likely than women to choose
undergraduate programs tightly coupled to speafic occupations in fields offering
Ingh status rewards such programs emphasize training. discipline. and technicud
Kills rather than the general intellectual. moral or soctal growth of students " Women.
supposedly, “emphasize internal. instrinsie. mimediate rewards over external. ex-
trnsic, deferred rewards in choosing their majors” (p. 1971, Hearn and Olzak (1981
conclude that ‘men tend 1o opt for unsupportive departments conferring higher
rewards, while women tend to opt for supportive department: with lower rewards’
(p 2020 Eisenhart's (1985 study of women's career choee decisions lends partial
support to these conclusions, though she emphasizes that women do consider
extrinse rewards such as monctary return in their career choces — they merely
appear to give such factors less weight than men Although s @ less disapline-
oriented and high status” field than physies, 10s hard to see swhat internal, intrinsie,
mimediate rewirds management could offer o females or males.

These arguments ceho debate dmong analyses of undergraduate business education

Among the many entermg e business world, fewer come prepared with
the necessary levels of communication shitls, cogmitive abilities, and human
understandings that are requisite for suecess heyond the entry level The
technieal bent of busimess study can equip students with narrow prolilens-
solving approaches destined for an earlv obsolescence: The underlving
rattonale of husiness study at many colleges is also flawed it assunies
that busmiess s populated by ratnontl executives who operate in a sys-
teniatic results-oriented fashion.” OF course. those who have spent ‘even
4 briet unre in the business world know that this is rarely true €Mandt,
1982, p #h Number crunching” s the thmg o do, and studenis
attick the multidimensional, consequentul problems of enterprise with
Lirgely umdimensional, weonsequential mathematical models and sia-
Larly linted paradigins of human behaviour” tBehrman and Levine 198
poLib i jones, 986, p 13D

Though no more <o, 1 shonld pomt out, than corporate nunagers Pseeny t1986)
pormts out that over 8t per cent of managers cegardless of collepe major) report
that ther numnagertal shills were learned onthe o op 86y Vhe skills that corpo
rate officers isted s most mmportant tor managers =~ most of thent dealing with
communcative and mteractionat skills - were not among those emplusized m
the program s acadenne work
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For the internal tlabour market of the corporation, then, the speafic con-
tent of college fearning typreally plays titde role in the manager's per-
foriance or advancement (Useem, 1986, p. 87).

A collegiate specialization in business does seem 1o be related 1o obtaining an
entry-level position (Uscem, 1986, p. 87), but Uiseem argues that this is less be-
cause of any genuine connection between the courses and managerial competen-
cies, than because the business major and business course-taking are taken as
tokens of business motivation by recruiters:

As perceived by emplovers. liberal ants students attending an institution
without a business concentration had no choice but to major in the tiberal
arts, while liberal ants students at a college with a business major could
have chosen it but opted not to do so. The lauer are riskier hires than the
former, company recruiters infer, since the latter appear to have rejected
business values (Uiseem, 1986, p. 88).

All but three of the interviewed students availed themselves of these kinds of
advising networks (wo of the three exceeptions had outside jobs, and selected
courses on the basis of what would fit into their schedules. the third researched
courses by sitting in on the first class session. looking over the syllabus and the
teacher. and then adding courses Lue). Every management student T talked to said
the official advising system was hard to use: it was centralized for the entire
business school rather than depantmental-specific. meaning students had to wait
for long periods of time to see advisers who were mosthy kept busy by seniors
wanting them to check graduation requirements. Oncee students got to an adviser
they found them unfriendly and their advice unreliable.

This was not always 4 sure-fire method. as students had w pre-register for their
courses and the instructors tisted in the catalog were often not the ones who
actually taught the courses. Clara, for example. had heard that a particulbar statistics
instructor was good. So 1 signed up for the cliass — but she's not teaching it
anymore and T have a Chinese person (laughs). So it doesn't alwayvs work.”
With the growth of independent note-taking services at many large universities
tfor-profit companies that send note-takers to classes and then market the notes to
students) this circulation of notes across student networks may change. Only one
of the students 1 interviewed. Claa, talked of having relied on bought notes (she
got a Bin the course).

‘Integrative’, senior-level courses in business pohey” were promoted in foundation
reports of the ate 19508 Gsee Gordon and Howell, 1939, pp o 206-7),

tnlike the phyvsics students. management students did not usually work in groups.
and found in the group work required for Managerial Strategy an endless source
ot complaint. Sometimes they complained of the difficulty of coordinating meet-
ings outside class and getting the work done on time. but more often the problem
was getting people to do their fair share of work:

There wasn't any structused way of organizing it. .. And it turned out.
me and the guv 1 knew were the only ones who did the work, the other
o peally didit cares they were graduating in August and just said, “let
them do the work, well tike the eredit for it . There was enough
work tor four people. and we were domg it with only two It wasn't a
good sttuation {The professorl said. that was ouwr responsibility to
tahe care of it -- which, vou know, we tried, but it didn't really work
¢ foend
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An underlving reason group activity didn't work well was that students didn’
move through the courses together and thus often didn't know or had never
worked before with the people with whom they ended up being grouped.
Simulations similar in aim and design to the B-game began appearing in business
school curricula in the 1950s (probably inspired by simulation programs used in
corporate training ) and became widely used after receiving strong endorsements
from some of the national studies of undergraduate business training in the late
1930s (see Gordon and Howell, 1959, pp. 367-8).




Chapter 3

z_'-_; Mobilizing Bodies for Management

Those who rin the hieaucratic corporation ofien rely on ontward
meanifestations o determine who is the right sort of person’. Mandg-
ers tend to carefully puaid power and privilege for thase who fit in.
Jor those they see as ctheir Rind (Kanter, 1977, . 48).

Bodies. then. ave not born: they are made (flardatedy. 1991, p. 2081,

- Unlike physics. the cascade of representation” in the management program
didn't involve the representation of inanimate phenomena in increasingly -ab-
stract” that s, stable, mobile and combinable) forms.' True, academic course
work was textualized” or reduced 1o stable and mobile written forms (notes)

that could be combined and consumed in the semester climax Ghe finah) and
then circulated among other students. However, there were no pathways con-
necting that work 1o networks of managerial practice Gilthough both educa-
tonal and professional settings shared an instrumental, short-term orientation).

Physics students were expedted 1o continue o graduate school: the discipli-
mary ideology wias spatially: compressing, bringing the physical world under
control by reducing it and constituting it in mathematized terms, For manage-
ment students, association with the academic discipline ended on graduation,
by which tinie students had come to accept o sharp division separating aca-

‘ demne and business worlds.
— i There were, none the less, key pathways that connected the management
program to corporate space. To see theny we have to look at the organization
) ot material spaces and bodily practices: at the production of minwtic ¢nviron-
- ments and the strategic construction of bodies  For instead of compressing
' students” spatial arenas and putting them on a pathway leading to settings of
— disciplinary practice, as in physics, the management program routed students

;
" mto a zone organized as an analoy of corporate space. Instead of physics
- mohilization of the world through textuatizing space, the representational
= organization of space-tme in nuinagement connected the program to the work
world by mobilizing social practice in an emhodied form.
¢
. Mimicry of Corporate Space

: Plush canprets, potted trees, burnished oak wall pancliny. fine reprodie
- trions and sametimes ortgiials of great art, mabogany desks. polished
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. glass tables and onanents, rich leather upholstery, perfectly coiffiered,
i attractive and poised receptionists. and private. subsidized cafeterias
are only a few of the pleasant features that grace the comporate head-

— | querters of dny mejor corporation ( Jackall. 1988, p. 3064,

Physics students were routed into progressively smaller spaces and tighter
temporal regimes that cut them oft from alternative acadentic actor-networks
tother programs of study). Management students. by contrast, reserved sub-

stantial amounts of time tor non-academic activity, and spent most of their
time on campus in the business building. @ material organization of space that.
instead of cutting business students oft from other academic programs (several
— - had  double majors) reinforced the divide between -academic™ and ‘non-
L academic worlds and contributed to the devatuation of the academic world.
= The business building reintorced the academic-non-academic divide by

- producing a public space that mimicked the spatial form of the corporate
—". workplice. The coursework may have been typical lecture and test. but the
o material settings of practice — and ultimately the social spaces they produced
— were tied to those of the corporation both metaphoricatly tthrough
simulkitions of corporate furnishings) and metonymically (though visible invo-

cations of corporate links).
The business school building was a huge. labyrinthine structure housing
—_ 2 complex system of hallways connedting classrooms, oftices, study lounges,

computer workrooms, dining halls and courtyards. All business clusses were
— conducted there (or m a newer business building connected to it by an above-
' wround walkway), Unlike the austere physies building, the business school
wiasnt geared solely to academic or scholarty activity. The wide landings.
lobbies and hallways of the building, all lined with deep cushioned couches,
were sites where students chatted between classes, read the newspaper, and
- waited for cach other. This public interior space was organized in large part

— to simulate corporate space and function as a stage for the display of sociabil-
ity. The targe. open entranceway s 1o the building advertised the corporate ties
of the school Their walls were covered with urge plaques bearing the names

of magor donors who had funded chairs or professorships, white smaller plates
o bore the Togos and names of other corporate and individual sponsors. The
furnishings and artwork in the building (unlabelled original paintings in
Minimatist or Colorfield styles, Oldenburg-like sculpturesy retlected corporate

tastes in interior decoration. and the large hallways served as soctal spaces for

displayvs of business demeanour and dress.
In management and business generally, students and taculty: occupied

physivally distmet and sociatly distanced spaces The academic faculty had a
T wing of the building to themselves for departmental and private offices and
' there were elaborate arrangements to restrict and regulate student movement
through this area Fach department occupred a separate loor with a central,
ulass-enclosed seeretarial suite ringed by faculty offices. A notice on the door:
: way leading 1o the taculty offices instructed visitors and students to cheek in
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with the seeretaries before entermg. Most otfice doors had plagues identifving,
the occupant and many lud notices of office hours taped to them. Faculty and
students were visible to one another but their spaces were never intermingled.
Faculty resided in closed, symbolically restricted areas into which students, it
they were permitted at all went in and out.’

A good example of this separation was the organization of cating in the
building. The business school had its own cafeteria system (the only other
school with - cafeteria was Fine Arts, whneh was located on the periphery of
the campus). Once. before a remaodelling of the complex, faculty and students
had shared a single dining hall (as was the case in Fine Arts). Now, they ate
in two separate dreas. For students there were short serving lines offering
inexpensive fast-food breakfasts and lunches that could be caten at fong ree-
tangular tables in the Large, well-lighted dining hall. Next to the dining hall,
separated from it by a wall of glass, was a three-story commons topped by an
opaque-glass skvlight. Boxed plants gave the area an informat fecling and
there were benches for sitting and eating and space for student organizations
1o set up tables. Across this commons, enclosed by another wall of glass, was
the faculty dining hall. Sitting in their dining hall or the commons students
could ook across and see faculty and their lunch guests sitting ac the smatll
round clothed tables, the food barely visible in a buffet-stvle serving are.
When privacy was desired, the faculty dining room coutd be hidden from
student view by drapes

In addition to the separate spaces they controlled, faculty and students
shared spaces. The most important of these were the interviewing arcas and
the advising office. both spaces in which students enacted their subordinate
statuses within the program.

The business school had the most elaborate placement office on campus,
taking up a floor of one wing of the building. In one set of otfices, counsellors
helped students write résumés, find out more about the corporations by
whom they were about to be interviewed, and prepare for their interviews,
Outside these offices there wis a wall covered with a bulletin board where
sheets were posted Histing the corporations that would be interviewing on
campus  the Kinds of positions they were trving o fill, and the dates of the
interviews. Students would custer around these lists looking for jobs that
interested them, and signing up to request interviews, The placement office
scheduled the interviews, cither on first-come first-serve basis or, if the cor-
poration requested, sorting through the interested students and weeding out
those whose grade pomt averages were too low

The interviews themiselves took pliace in a corridor lined with church
pew-like benches built into the walls, Young men in dark sunts tkept but-
toned) with conservative ties, and women dressed in dark skirted suits, white
Dlouses, and scout scarves, wanted nervously for an interviewer to step out.,
shake therr hand, and ask them into the room. The tooms themselves were
small and bare: a table, chairs, some small reproductions of photographs or arn
on the white walls

II._’ 1.,.:
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The administrative and advising offices were atso subordinating spaces.
To see one of the several undergraduate advisérs vou had first to enter a glass-
enclosed lobby . wait in line at one of three windows o make an appointment.
take aoseat on one of the abwavs crowded benches atong the walls and waait for
vour name to be called, then be let through @ door into the back area where
e advisers had their offices T went through the process nivself trving to set
up an interview with a counsetlor and telt as though 1 was at a dentists office.

In these subordmating spaces students waited. In the placement area they
wated for interviews, briet but intense encounters with corporate recruiters.
In the advising arca they waited {or review and evaluation of their transcripts,
for advisers 1o certify that they'd been wking the right courses and keeping
their grade averagzes high enough to permit their continued enrolment in the
progranm.

In classrooms, by contrast. students listened, looked, wrote, and, on occa-
sion, spoke. Classrooms were not so much subordinating spaces as a no-man's
kaind in which both students and faculty were transitory inhabitants. The busi-
ness ~chool contined several mammoth lecture halls seating hundreds of
students in terraced semi-cirdles of thin tables and scats sloping down 1o the
lecturer’s podium, and a kirger number of middle-sized rooms (seating 30 1o
o similarty designed with gently tiered ares of bolted tables sloping down
to a podium area In these middle-sized rooms the fecturers stood in front of
d4osvstenn of sereens and chalkboards designed for different kinds of visual
presentations There were televisions in aimost every room (though T never
saw or heard of them being usedy. Another wing of the building housed much
stialler, brightly-lit classrooms ringing a wide hallway, Most of these rooms
were turnished with small, movable ahough never moved) tables big enough
to it two or three in comfortabie, wicker-backed stecltramed chairs with
cushioned sceats.

Finally, there were windowless roomis, antiseptically white, set aside for
computer use. filled with rows of white IBM personal computers in wooden
carrels These were usually used as adjunct classrooms where classes that
muzht nornwally meet i regular classrooms would meet once a week o per-
form a computer analysis or participate in 4 simulation such as the B-game

The orgamizaton of gaze was more varnable in the business chssrooms
than m phyaes: The cunvatare of the scating i the larger rooms put the
students in cach other's Times of vision — another example ot the display

onentation of business school space There were also ditferences in the wavs
Favulty functioned as focal pomnts in the classrooms. In physies one looked not

so much at the protessor as at what the professor was domg, the phivsics he
untolded. back 1o the students, on the chalkboards The weacher was an ad-
junct to the material, an instrument for the convevance of truths that betonged
not to him, but that had an autonomous existence. Ina sense what physacs
protessors did wae recreate the space of phyvsies itselt in the two-dimensional
arena o the chalkboard, white students mturn recreated  the professors
spattilizations on the swiface of their note-papers
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In business and especially management classes, by contrast, the profes-
sors were usually the focal points of the classrooms. Their classroom practice
centerd around talk rather than writing. Students learned to gauge from the
tone, tempo, and emphasis of the lecture what was imporiant’, what would
appear on the test. The visual adjuncts that faculty used ook the form of
prepared displays, such as overhead projector transparencies, instead of crea-
tions unfolding in time, like the physics professors” board work. The visual
displays supported and illustrated the professors” talk. Knowledge and exper-
tise resided in the speaker. who was imparung s understanding rather than
conveving absolute truths™. In Bourdieu's (1986) terms knowledge in physics
wits ‘objectificd’, in management ‘embaodied’

In their academic work students were correspondingly most concerned
about what the particular professor would find acceptable, not what was “right’
or, as the physics students would say, what “worked'. In this strip of conver
wttion, taken from a group case amalysis, Curtis and Dorothy debate how much
explanation they need 1o support their recomniendations — the debate is
about how the professor will read the case analysis,

Crrtis: He's not gonna dig that deep

Dorothy. T mean. T know, but T mean but it he reads down here and
he says vou don't lave any basis for making this state-
ment’. vou know, “vou didn’t support it.” Know what Fm
saving? .

s T reduce costs.” How about that? [V decrease transpor-
tion costs.

Dorathy Yeah, but it increase other costs,

Curtis: But still, we have a basis, that's our Dasis, that it's gonna
decrease costs, That's our basis for making the statement.
He doesn't know what else we thought of, vou know, tht
it nught increase something else. fpause} And after reading
ten papers. if hie thinks, i he's gonna think about that —
I mean {pausel

In the camulative course of the curriculum, Managerial Strategy, students
themselves becamie, tor asession or two at least, the focal points of the class-
rooms Gsomething that cever happened in physics clissesy. They were ex-
pected o display their own embodied knowledge in formal presentations” of

cases o the rest of the class. As sheena recalled, these presentations were
sources of great stress:

We had to make a presentaton in Managerial Strategy We were the
fst groups Twent up there — and T used to do this all the time in high
<l ol but once you're out of practice vou go up there and its like
T cloooo™ — all of us were shaking Every one of us did this
And we were talking, each group as they finished their presentation.
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thev'd go out in the hall, -Oh, I'm nervous, T wonder how we did', and
evervbody walks out and pats them on the back: 'vou did fine, don't
worry about it.” And, ah, it's different. Because, really, we haven't had
to do this until . .. you take Managerial Strategy. Ah, in most of my
other classes you just sit there and the teacher tatks to you, you write
it down, and you regurgitate to her back on paper. Or turn it around
and twist it and see it vou can understand the question (Sheena),

In these presentations it was not only what students said that was impor-
tant but how they looked, presented themselves, and managed the questions
and comments from professors and other students. In one class T spent time
in. the professor cut students off in mid-sentence — no matter how cogent or
well argued their presentation — it they went over the altotted time,

In other classes, dealing with questions from the chiss wis an important
part of the presentation. In some cases, students collaborated with cach other
to hold the floor and prevent their professors from intervening and confronting
the presenters with demands for detail, vague queries CF don't understand
vour sentence’), or flat contradictions CNo! Thev're very strong product-wise.
As Sheena put it

You don't want [Dr X} asking vou questions! ... He'll throw vou one
from left field that youre not expecting. At least with the students
vouve got i general idea. Theyvre on the same knowledge Tevel as
voubare (Sheenal,

In other chasses, however, grading was competitive and students tried to show
up the presenters tand thus win attention for themselves) by asking diffical
questions or niking critical comments.

Finally, in some classes professors manipukated the presentation formats
to focas them less on content and more on students” interpersonal skills. Curtis,
tor example. told me about an integrative finance cliss he'd tiken tvery similar
to Manageral Strategy) where the professor would regularly disrupt planned
presentation changing teams at the beginning of chass, making teaim members
switch with cach other the parts of the presentation theyv'd prepared; forcing
them o work people inta the presentation on short notice: or even to make
presentations using someonc else’s notes

In all of these kinds of public performances students were expected to
stay within the tght discourse parameters of corporate subordinates: don't
challenge the protessor, dont ask questions that advertise vour ignorance,
don’t ask questions to generate discussion. When students occasionally went
hevond these parameters the results were aw kward silences Dorinne, one of
the twa older students Tomtervies ed who had full tme jobs and hived oft
campus, made good grades mher courses but didn t mimic corporate styles
of dress or conversattion - As a4 result, the other students treated her as an
oddity
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'l ask: "doesn'tit strike muny of you how casily we conform to propa-
ganda? Doesn't it scare any of you?' T asked that in class, and T got
blank stares from about three-quarters of the class. Sometimes 1 feel
that T don't really fit — I know I don’'t really fit in the business school
(Dorinne).

Dorinne's outspokenness and sometimes unorthodox dress — 1 remem-
ber being in a large class on Ash Wednesday when she came into the class-
room late with ashes on her forehead and most of the room turned around in
their seats 1o stare at her — were unusual. Most students, knowing that they
had vet 1o be judged on their suitability for employment, regulated their ap-
pearance and pertformance styles tightly.

A ‘Street’ Inside: Students in Public Spaces

Bodies themselves generate spaces. which are produced by and for
their gestures (Lefebrre, 19910 p. 2100,

The atmosphere of performance, of being on display in a public setting, per-
vaded the business school. In contrast to physics, which collapsed the world
into its work space through powerfully reductive representational technoto:
gies. management organized space and time by stretching itself out in asort
of imperialistic way across material spaces to produce a very extensive social
space This was accomplished partly by the kind of inter-institutional architec-
tural isomorphisms described carlier in this chapter, but itatso required prac-
titioners — mobile, stable, combinable practitioners — who could he sent out
1o practice” those spaces properly. When say that performances were routinized
I mean bodily practice. appearance and sociability. were being standardized
and mobilized in disciplinary forms. Student associations were a critical medium
for this process.

In the physics program students interacted with a stable block of fellow
majors with whom they moved from class to class, studied with, and formed
triendships. The management students 1nterviewed didnt move through their
classes together or work together, and their friendship networks consisted of
people from hometown schools who were attending the university, people
they'd met in university dormitories, and their boyfriends or girlfriends — not
their chissmates. Where academic and social life merged for tthe made) physices
students, for management students “business™ activity wis constructed as sepi-
rate not only from the academic” butalso from ‘the personal’. Finadly, although
enrolment in management resembled that in physies in that it ook place
through 4 group medium, the nature of the gioups and the enrotments were
very different.

The requirement that managenient students take i lot of courses outside
their magor produced student groups that were more toosely organized than
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friendship networks. Students entering the business school found the social
world of the college dominated by a wide range of organizations: from frater-
nities and sororities (whose memberships were dominated by the business
students), to the business school ‘service organizations' that did community
work and orchestrated meetings between students and members of the busi-
ness community, to the associations linked to particular majors (e.g., the man-
agement association, the marketing association), or particular areas of business
(e.g.. the International Association of Students of Business, Commerce and
Economics). Unlike the work groups in physics, which were formed afresh by
cach class of students, the fraternities, sororities, and associations were stable
entities that pre-existed the student cohorts that participated in them. Some
were allocated cramped and shared office space within the building (near the
student cafeteria), and all had glass enclosed display cases along one hallway
o post notices, announcements, and so forth). The groups weren't creations
of the program, they were independent networks of association that extended
the business school space bevond the academic setting and connected it to the
world of work. Almost all students joined or attended meetings of these Zroups
at some point in their academic careers,

Students believed that job recruiters placed a premium on membership
and activity in these organizations, and that by participating in them they could
network” and make connections that would help them in their carcers. The
groups were important for recruitment — as forms of social certification —
and also served as means of access 1o jobs and employers, as introductions to
job networks. As Dell explained: ‘Definitely one of the main advantages of
[belonging to groupstis that it looks good to a future employer, T think, being
invohved, not just being a student tef. Dalton, 1959, p. 16:1). Other students
had similar analyses:

P in the management association and the marketing association here.
I've also been in IASBCE, Internationa! Association of students of
Business, Commerce and Economics. But 1 was onlv in that for a
semester.

LNespor: Why did vou join those?]

Well, T hate to say it, but a lot of it had 1o do with résumes. Towards
the end vou start thinking T've got to make that résumé look better”
And while that's not a very good reason for starting it, T've really
enjoved my experiences with these associations, and thought that
theyve bheen very beneficial. Although | didnt getinto them for mayhe
the right reasons or whatever (Rhondao.

sometimes membership could lead directly 1o a job:
I found a fot of friends in the business school sust hecause T dunk

vou're so aware ol networkmg” taughs). And you wunt to nuike these
Imends, and ivs just something that you do consciously. .1 joined

iecu
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[the Mapagement Association] because T was getting worried about
getting a job and T wanted to have more contacts. And it worked. [The
group’s sponsor, an adjunct faculty member with good connections in
the tocal job market] got me a job (Melindaw).

As these comments suggest, students were encouraged to look at their
everyday friendships and activities in terms of their business utility. One re-
turning alumna espoused this orientation in a presentation to students in the
Management Association:

Learn how 1o tlk o other people. And I'm talking about people in
vour classes, people that you meet on airplanes. One job offer that 1
had was on an airplane coming back from another interview 1 had
had. . When vou go to parties. make a point of meeting people that
vou dont know. [ know it's ¢isy to feel comtortable with the group
that vou are with. But try to extend beyvond that group and meet new
friends. because . voull be amazed how that circle will widen cach
time. 1Us kind of like a pebble in i pond. 1t gets, concentric cireles, get
Drgger and bigger and bigger. ...

Be involved .. linl clubs, whether theyre formal or informal
groups, professional organizations ... civic groups as well o Leven
volunteer kindit groups. I'm involved in a United Action for the Elderly,
and the Meals on Wheels Program, and ve met contacts through
that. ... The other area ... is church, It vou have an opportunity to
regularly anend a church, you meet all kinds of folks through that
(Brenda, o corporate officer and alumina speaking to the Management
student Association).

Many of the organizations” activities centered explicithy on making con-
nections and tearning job-getting skills.

I joined these clubs to learn things, not like for social reasons. .. Like
[in a4 service organization], vou learn things that will help you in your
husiness career We have top business people come talk from all over
We v them in and they speak to us and give us pointers. We have
hke executive cocktail parties. We don't drmk at it but we have like
250 executives from all over fly ing We've had résumd workshops
cClaro,

The things being mobilized here were bodies: textually in résuncs certi-
fving one’s socrability (not to mention the busmess cards that allowed one 1o
accumulate acquaintanceesy, and physieally inthe executives and speakers
brought in o mteract with students: Students were Also encouraged 1o make
themselves phystcadly mobile:

1IN
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Relocate if necessary, I you have an opportunity for a good job but
it means you have to leave friends, family, security, do it. 1 promise
vou, vou will never be sorry. And T can say that from personal
experience. ... You develop vourself by doing that. You find out what
vour fibre 15, and what you're made of. And, again, it's an opportunity
to have contacts that you'll keep for the rest of vour life (Corporate
speaker o Management Association seminar).

The cultivation of expansive networks of acquaintance (Granoveter, 1983)
allowed students to extend themselves across space, (o regionatize themselves
rather than localize themselves in tightly connected networks.® The message of
promoting or marketing oneself across large regions of space was broadeast
1o students at mixers, placement office programs, “career week™ seminars and
similar events that taught them how to dress and act in business environments.,
and by corporations themselves through campus speakers and workshops.
The following pronouncements were fairly typical of such events:

Too many people looking for the same jobs ... Competition for all of
us. . Wed like to suggest (o you that .. caveer plannmg shills. how
to market yourself. bow to sell yowwelf in a competitive envivonment.
18 s important s those skills that you e developing in your discipline
tFrom a seminar presentation to business students, sponsored by a
maor corporittion and business magazine, emphasis added).

These skills” of self=marketing were forms of corporate sociability that the
business school environment promoted in an unstated but powertul way though
the organization of evervday actwvity as a public spectacle. Management stu-
dents Gind other business students) didn’t huddie in corridors Late at night 1o
study like the physics students. Instead almost all business students spent a
considerable amount of their day socializing and relaxing in the corporate-like
ambicnce of the business building. As far as 1 could tell, this public side to
their academic careers distinguished them from students in non-business pro-
grams, where programmiatic activity — classes, labs, or study groups — took
plice in closed or controlled spaces.

The public space of the business school, as Tve already suggested, was
astage for the display of one’s embaodied corporate competence. Dan Rose
(1987, an cthnographer of uwban street life, gives an account of the public
street” inourban African-American culture that resonates with my own obser-
vations in the business school, with the students” comments on sociability, and
with Jackall's descriptions of managerial practice:

The street was under constant surdv edlance, scanned. spicd upon 1t
w.as fully filled in; evervthing was noticed, the least gesture attended
to. It was a viscous gelatin of awareness, Walking down the block wis
extremely intense. The facades were alive through their apertures, and
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all who walked on the street felt they were in the theatre of total
performance. People cut through the viscosity as they walked. or
inhabited it as they left indelible. communal traces; they inscribed an
acsthetic nuance with their gestures, their speech. their lives (Rose,
1987 p 38)

We could think of this as a Kind of "panopticonism’” (Foucault, 1979; Spain,
1992y, but only by imagining a panopticon composed entirely of mirrors. As
it on a street, students were on display throughout the business building, to
ook at and be seen by other students passing through the hatls. This was true
even in the bathrosms tat least the mens), which diftered from those else-
where on campus both in size (they were very arge) and in the fact that cach
had one wall, across from the wash basins, covered with a full-sized mirror in
front of which the voung men preened and prepared themselves for re-entry
into the public area. Students watched cach other (and the faculty — one
professor in particukar was ridiculed for his thin wardrobe of acrylic sweaters).
and faculty judged students, in a very general way (most management faculty
never learned the names of individual students), on dress and demeanour.

Late in the semester, for example, waiting for class to begin in a Manage-
rial Strategy course T'd been sitting in for the whole term, a day on which
students would present research projects, the professor stopped to comment
on the different ways students dressed and presented themselves: some elab-
orately done up. others extremiely casual, wearing shorts, T-shirts. sandals (1
never saw anyone in the B-school dressed that casually. but the first speaker
in class that day did begin his presentation wearing a gimme-cap. The protes-
sor insisted he take it off ). The professor argued that those who showed more
consideration tor their demeanour were more tikely to be considerate and
diligent on the job: appearance was o token of competence,

Dress and deportment were spatializing devices that allowed one to pro-
duce or accomplish business space, and to signify belonging to the business
space, being a legitimate plaver in it (ef. Jackall, 1988, po 4750 Melinda, who'd
begun college as a liberal arts major. explained:

The business school s more tormal. You'll find a totally different dress
code m the business school You walk into a business class and every-
body's all dressed real nice, and you can point out the people that
have interviews today. Tused to have business classes on like Mondays.
Wednesdays, and Fridays, and Liberal Ants classes on Tuesdays and
Thursday s, And 1 would dress difterently on those days. Ah. so there's
a completely difterent feel. And for a person to realize that they don't
fit into the business school, that would be important to learn that carly
betore vou get atl caught upin that mayor CMehmndar®

Differences in the standards of dress for men and women reflected the
genderedness” of managerial occupations, their assocition with masculinity”’
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and the concomitant devaluation of traditionally ‘feminine” styles of appear-
ance. According to one corporate consultant: ‘By way of nature and their
conventional dress standards, women generally have a harder time looking
professional” (Cox, 1986, p. 74). Physica attractiveness’ tas defined by men)
is a handicap for female aspirants to managerial positions (Heilman and
Saruwati, 1979). and women in ‘masculine’ apparel seent to be more favour-
ably rated by recruiters than women in “feminine” apparel (Forsythe, Drake
and Cox. 1985). Students may not have been conscious of the research under-
lying dress prescriptions, but they were usually aware of what was prescribed.
If they weren't, they were told. One Placement Centre official recounted that
‘4 couple of semesters ago itseenmed like nobody even knew how to dress. So
we did "How to Dress’ workshops, you know. and brought in retaiters and
different things to give them examples of what they needed 1o wear.” One way
or another, students were highly conscious of budily expectations:

it's something vou look for even in vour classes You can tell who's
interviewing that particular day because they have a maroon tie on,
and a dark grey suit. Girls, females, are expected to wear blue suits. .
Students are very aware of what the appropriate dress is.. .. When
vou go to a party and everyone else is standing there and you look
different, it's pretty obvious what yvou need. There are seminars held
in the business school on what appropriate dress is, what vou're ex-
pecied to wear or not. ... You really do need to fitin. ... Certainly,
when you go to the cocktail parties, when vou go to the recruiting
functions, there's a certain way vou have to act. and certain colours of
suits, certain colours of ties. certain shoes you can wear. It's a very
restrictive envrronment in 2 lot of ways (Doug).

Douy's analysis is echoed by Jackall's comments on managerial practice
in the corporate world:

In a world where appearances — in the brocdest sense mean
everything, the wise and ambitious manager ledarns to cultivate assidu-
ously the proper, prescribed modes of appearing. He dispassionately

tikes stock of himself, treating himself as an object, as a commaodity.
He analyzes his strengths und weaknesses and decides what he needs
to change in order o survive and flourish in his organization. And
then he systematically undertakes a program to reconstruct his image,
his publich avowed attitudes or ideas. or whatever else in his self-
presentation that might need adjustment ¢ Jackall, 1988, p. 39).

This conscious and strategic construction ol bodies and hodily practices
is not quite consistent with the position articulated, for example, by Bordo
(19891, w ho, lollowing Foucault €1979) suggests that
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Not chiefly through “ideology”. but through the organization and regu-
lation of the time, space, and movements of our daily lives, our bodies
are trained, shaped, and impressed with the stamp of prevailing his-
torical forms of selthood, desire, masculinity, femininity (p. 14).

This notion of ‘docile bodies” may be misleading. By embracing it we imit
our ability to conceive of and study the strategic self-constructions of powertul
bodies (bodies of power?) that occupicd the energies of both students and
practitioners of management. Foucault and those who follow him on this point
address only one side of Sop’s (1989) “socio-spatial dialectic’s they ignore

people’s creative appropriations and reconstructive activities within naterial
organizations of space-time, in particular the conscious manipulation of bodily
organization.

Bourdieu's work is problematic for similar reasons. Parts fit well with my
arguments: for example, the suggestion in Bourdieu and Boltanski (1978) that
the modern corporation.

requires agents capable of conducting external public relations twith
other businesses, the state administration, ete.) necessary to the opera-
tion of the krge integrated firm and to the maintenance of its control
over the market, and also the internal public relations by which, in
normal times. the internal order of the business is maintained. ... Their
outstanding qualities become an aptitude for discussion and negotia-
uon. a knowledge of toreign languages and, perhaps especially, civil-
ised and subtle manners .. the new style of soaability objectively
required by the changes in the economic field . all aspects of exist-
ence of the new managers, from their consumer habits to ther day-
to-day ethics or even their physcal appearance, asign of a new relation
to the body (pp. 204-5)

But Bourcheu insists that the “principles’ embodied in dress. bearing,
physical and verbal manners, are:

bevond the grasp of consciousness, and hence cannot be touched by
voluntary, deliberate transformation, cannot even be made explicit;
nathing scems more inetfuble, more incommunicable, more mimit-
able, and therefore, more precious, than the values given body. made
hody by the transubstantiation aclueved by the hidden persuasion of
an miplicit pedagogy. capable of instilling a whole cosmology. an
cthic. a metaphysic, @ polincal philosophy, through injunctions as
mnsignificant as sstand up straight” or “don’t hold vour knife in vour left
Tand (1™ p V)

The msistence that notions such as “embodied caltaral capital” and habitus’
(Bourdicn, 197719801 can only 1eter o unconscious dispositions outside the
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_ controb and manipulation of the actor limits ther vatue Oloerman, 1989: de
Certeau, 19840 As Jackall (1988) argues:

- . the notion of cultural capital is a concept that may obscure more than
it reveals abodt managers’ actual social world while adding litde to
onc’s real understanding of what makes that world work. ... Managers,
at least American managers,” tend 1o think about the mater difter-
. ' ently. They recognize. of course, the crucial importance of social breed-
ing. paricularly ¢xposure to the proper social manners that the right

~chools afford. But one can ury 1o acquire the right sivie” by altering
— one’s personality through self-rationalization. In any event, one does
- not accumulate stvle (p. 214,

— In other words, a regime of bodily practice or sociability, a style, embodied but
not contained in the body Gather, distributed across the network of dress,

= people and material spaces in which people interact) can bhe consciously and

strategreally assumed by management students within the material spaces of

the business school.

- Clothing, gestures, and the like, weren't simply smarkers’ (Goftman, 1971

. of a corporate sociabulity, they were integral to its production. Again, there is

an anatogy to the lite on the urban street described by Rose (1987

Clothing was worn ke a4 mask — a mask not of concealment but of
revelation. It was 4 statemient or indicator, not just of self in sonwe
_ abstract way, but of where one wanted to appear as a performer in the
. public staging. .. Clothing makes the man: the logic, according to

Tom, was that if one presented a finely tumed out version of oneselt
-} and was made social by it one became, bebind that (as 4 result ob),
ambitious, In other words, one would have performance possibilities
to live up to (p. 17

Compare Jackall's words:

wandagers also suspect that clothes and grooming might indecd make
the man. . Proper management of one’s external appearances sini-
ph signals to one's peers and to one’s supeniors thiat one s prepared
~ to undertake other kinds of selt-adaptation ¢ Jackall, 1988, p. +7)

Part of what distinguishes the street inside from the street outside s that
corporate spaces are connected across time and space m a muoch more stable
network than urban streets The people Rose (19870 studied butle spanal struc-
tures that hadd to be reconstructed daily and thus were Jocalized to the commun:
1y of mmediate co participants. The end of performance was the creation of

Lddistinetve personad identity By contrast, the corporate practice management
students were moving towaids mvolved expheitly formalized and situalized
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Knoweledge in Motion

body styles and modes of interaction that made the bodies of practitioners
much more stable and mobile across corporately organized spaces — and thus
more easily connected or “combined” with those of others (¢f. Collins'. 1979,
discussion of “formal culture).™ The business school environment was a prac-
tice space for corporate appearance and behaviour and thus a site for stidents
to begin mobilizing and stabilizing their bodies and bodily practices.

It students were occasionally loose in how they dressed for class they
were almost never so when encountering corporate representatives. We've
already seen that this happened occasionally in meetings of student associ-
ations, mixers, and so forth. One place where such meetings invariably hap-
pened for business students was in the job interview,

The Interview as a Display Space

Listen intently. \When ready to dnswer a4 question, it is sometimes
effective 1o take a moment or two to ponder an answer. It will make
you look thougbtful and make your answers appear more meaningfil
and less as if they barve been prepared in advance. which, of conrse,
they hare heen (Stewart and Fanx, 1979 p. 239).

The recruiting interview was a kind of trial-by-interaction. It was more impor-
tant to getting hired. students argued, than grades. Clara reflected the common
wisdom of students that {recruiters] would first look at the interview .. and
then look at vour Grade Point Average (GPA) and adtivities and stulf like that.
But 1 think that the interview is the most important thing.” Of course, many
firms used GPAs to limit the size of the applicant pool and select the students
they would interview, but Clarts insistence on the interview’s importance wis
frequently repeated., and not just by students. A speaker at the corporate spon-
sored seminar on ccareer skills', drew an analogy between dress and deportment
in an interview and the presentation of a product in a television commercial:

I'm going to draw the parallel between the interview and a commer-
cidl ..o We have to express ourselves, express our inlerests, express

our accomplishments — basically, express what we're all about in a
period of cight munutes. .. A very limited amount of time, Just as o
commercial Believe it or not, the first en seconds of the interview is
when vou make vour most lasting impression. .. What can vou do to
best sell voursell within ten seconds? L appearance. You can look
the part. Which doesn’t necessarily mean vour gravs and your blues,

Ssmile is kev, as well as,as well as eve contact . it makes you
very uncomfortable, somebody who can't establish that eve contact
mmmediately - because it helps o develop that positive first rappon
with the internviewer . Right fevel of assertiveness, wluch includes
the handshake with the interviewer”
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Skills of self-presentation were critical in setting the tone of the interview-
ing and framing the recruiter’s interpretation of what transpired in the remain-
der of the interview (Motowidlo, 1980). Like the speaker just quoted, recruiters
brought in to speak to the Management Student Association claimed that de-
cisions were frequently made within the first minute of an interview: first
impressions are the most important’. one put it, ‘the handshake might be the
most important thing you do’ (¢f. Buckley and Eder, 1988; Springbett, 1958).
There was a fairly elaborate system in place to prepare students for these
encounters. The placement office stocked “how-to’ guides on job hunting and
a library of information on corporations. Counseltors provided students with
tests and self-administered questionnaires that assessed their wants, interests
and gouals and thus helped them present themselves more effectively to recruit-
ers. Students were reminded that they didn't really know what they wanted to
do in life; that their "goals’, like their outward appearance, had to be con-
sciously molded. As one speaker to the Management Student Association, a
recruiter for a large high-tech firm, remarked to the assembled students:

Here's the most difficult task for.yvou to accomplish: have a
goal . muke a stab at coming up with a goal, and write it down. You
hear that all the tme. And [ thought, “write it down, 1 mean, what's the
hig deal” When vou write it down yvou make a commitment to your-
self, on that sheet of paper, that this is what this is gonna be all about,
and vou tend to follow through with it a lot better. And vou tend to
not get so confused along the way (Brenda, a corporate officer and
alummna speaking to the Management Student Association).

In addition to coaching students in the technologies of constructing
appropriate goals and interests, the preparation system also provided students
with more mundane resources. The placement office, for example, had guide-
lines, examples, and templates for writing résumés tincluding a list of over 200
action words” — verbs to be used in describing one's experiences in the
résume), cover letters, letters requesting an interview, thank vou letters, letters
acknowledging or accepting a job offer, letters refusing an offer, lists of ques-
tions most likely to be asked ininterviews, “questions vou can ask in an
interview”, and ‘tips on interviewing' (histing -+1 sins that can kill your chance
for success” in an interview . 10 of the 1 dealt with appearance or interactional
style problems). Almost all of the management students had used these re-
sources by their senior year, and some applied them in detail. Curtis, for
example, explained:

I have those . 50 questions interviewers like to ask” la handout
obtamed trom the placement center] — 1 go with those And 1 think
how I'm going to answer those, most of them, not quite all of them . 1
po over these questions and that's basically it It covers pretty much
the whole shieboom. And then also, Tiry to write down a few questions

}. 3 ‘).
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I want to ask them. And thats the main thing. ... Some of those
questions are pretty deep. pretty hard to answer. Like the first twor
“What are vour objectives for the next five years?” Long range objec-
tives . This [the handouatj covers pretty much anything they would
ask. although T have heard of the, ah, cinterview hints', like in the
placement manual [He shows me the manuall. They have some hints
in there, like "Look them in the eve and lean forward’, vou know. that
sort of thing But I've kind of learned that after a litde experience it
makes it pretty easy,

In fact. though, depending entirely on books or guide sheets 1o help one
consciousty mold one's body and bodily practices was problematic. Curtis. of
whom [ saw a good deul in the spring semester when he wus interviewing,
could explain how one successtully interviewed., hut he didn't do it (and was
seemingty unaware of the fact). He wore oft-the-rack suits that didn’t hang
right and his personal mannerisms, at least in his academic classes (1 never
saw himinterview) were immodest, or to use the phrasing of the placement
center’s sin list: overbearing-overaggressive-conceited-"superiority. complex'
know-it-all’ (Sin = 2). As a student who worked with him in the managerial
strategy cltss remarked to me once, he was a show-oft, and ‘members don't
usually sit around recounting personal triumphs. Throughout the spring. he
waus stuck with a string of interviews for jobs he didn't want (e.g.. in sales) with
relatively undesirable firms,

A number of students told me that, as Curtis’s case suggests, the resources
in the plicement center were worth using, but had < ssential limitations:

Well, really, Fve found it ditficult to prepare for an interview, because
if vou don't know — like vou said, looking at the questions they give
vou from the plaicement center, nine times out of ten those questions
aren’t asked anyway, so really, just trving to stand on my feet the best
1 can. |ty to think as quickly as possible (Jack).

Like Jack, Rhonda argued that books were no substitute for the experience of
interviewing:

There's so much written on the subject [of interviewing] — but basic-
ally if vou read a couple of articles or books or whatever, it starts
repeating the same things. And 1 think, as far as answering questions
and things like that. ah, practice, That's the only way to feel comfort.
able in situations

Practicing interviews wis 2 way for students to gain expertence in the
conttol of demeanor and proper interactional technique. They did this by
setting up appointments with recruiters from companies tat they weren'treally

1.20
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interested in working for. Although students had to know something about the
firm they interviewed with to ask appropriate questions, the questions they
would be asked by recruiters were so stundardized that interviewing with one
firm could be a usctul preparation for an interview with another firm. even it
the two companies were in different industries. Although placement officers
fromned on this practice of “practicing’, students were encouraged 1o do it by
both advisers and peers:

I'm one of those terrible people that will tell vou to interview for
interview’s sake. The Placement people hate me “cause, heva I'm the
one that helps jam up those lists {laughs] and the lines si;ml:? ny
all the way down, and every time something comes up whésd they
sort through all the résumes, bov, mine was in there, it was in the box
(Brenda, a c()rbomlu officer and alumna speaking to the Management
student Association).

The practice interviews gave students opportunities to - develop selt-
contident and smooth interactional stvles. One had to be able to presenta selt
that refused to admit any weaknesses or uncertainties but simultancously re-

frained from boasting of strengths As Brenda expliined, interviewees get in
trouble when they don't come across as themselves. . And people in an
interview spot that, like that! So. be vourself. and be confident about who yvou
are ” But being vourself was a complicated balancing act that involved. in
Brenda's words, stretching but not lying” about vour competencies. How should
one respond to questions like — Are you creative? Are vou analvtical? Are vou
Aleader? — with firm and assured modesty. How do you negotnte the common
‘knock-out” factor ot lacking well-detined goals and a career plan? By excising
all the maodalities of desire and need that make one less mobile in corporate
space When §asked Bart about his goals he struggled to articulate them:

W el T have to consider mv wife when Imake goals, but T guess were
hind of vaditonal. Weve got vour American dream. T don’t want to
be stagnant in my career, but I'd like to not have to move around a
lot. And that's asking a lot these davs, But if [ could just get myself in
a situation where 1 could see where T had the opportunity to go, as
tar as moving up the career ladder, Twouldn’t mind settding down and
getting a4 house with somie land. We'te both real familyv-onented So
where we could raise a family and Sl spend time secing our family
and friends But then agan T would have my career as far as what 1
want o do with my career. If | ean see where | have a chance to go
1t wont get too redundant on me to be o one posttion for a0 goodd
wlule As long as Fhnow T oan move up mmy aareer 'd hke to settle
demvn s bar as geography goes So 1 auess that's our long-term  goals
Rase a fanudy T dont know
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When asked him how he would have answered that question if 'd been a
corporate interviewer asking ity his reply omitted all the concerns of his ori-
ginal answer and put in their place the thin logic of a corporate trajectorny:

I have been asked that question, like tin five years, where do you see
vourself? Tl say, ‘moving into a middle management position.” Whicl:
is what T wunt to do, but, I wouldn't say "I want to be CEO in ten years
so watch out.” Just to be in a position where T can move upwards,
upwards without having to move away.

Be ambitious but not too ambitious. The truly proficient practitioner of
corporate sociability, at feast by one account, would never deviate from the
studied norms of bland pleasantness. A corporate-sponsored speaker advised
students to:

Be professional, and polite, 10 cach and every person along the way.
Which includes secretaries. Secretaries oftentimes can play a very Key
role in whether or not vou're hired for the position. Be polite to
cevervbody along the way, from the person who vou're walking next
to along the street, to the person who vou ride up the elevator with.
You never know who that little man is over there in the corner of the
clevitor (Corporate-sponsored seminar),

It's hard 1o argue with the notion that we should be nicer to secretaries,
but what's being advocated, 1 think, is less @ common civility than a strategic,
self-monitored performance of “professionalism’: personality without the
modalities of humour, passion, desire or conscience. Talking of-bodies and
social practices in this way presumes a vision of them as malleable construce-
tions constituted and articulated through semiotic-material” (Haraway, 1991)
systems: dress, toilet, material settings, the regulation of the kinds of people
one interacts with, interaction settings, the foods and drugs one ingests — all
of these codified in reladvely explicit ways that stabilize them and make them
mobile within networks of corporate practice.

This interplay of body and space in the business school is a complex one.
Corporate space itself reflects ashift from the space of the body to the body-
in-spatce (hefebvre, 1991, p. 190), 4 -decorporealization” of space that produces
an ubstract “space dominated by the eve and the gaze” (Gregory, 1994, p.
3921 Of course. semething similar could be said for physics as well, but in
physics abstract space was a construction on paper, a way of making distant
and invisible things visible, cdose, and pliable. In management, abstract space
wits o material organization of space-time, @ oway of making close and
cottentuthzed things visible, distant and mobile “The body became a spatially
organized construction taking form as a conpnction of somatic and extra-
somatic lows within standardized display spaces woven across settings of
corporate education and practice
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The undergraduate managenent program, instead of connecting students

to a network of practices tor mobilizing and compressing the world into 2
central seting, prepared students 1o go out towards the distant centers of the
corporate network. Whereas the physics program was tightly attached 6 a
core site of practices for mobilizing the physical world, the management pro-
gram was one of many mobifized settings tor corporate actor-networks. In the
former students Clearned” by making things move, in the latter by making
themselves mobile,

1

te
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Notes

There are. of course. any number of mathematized representations in management
— Return on Assets”. ete. — but the management students 1 talked to did very hittle
with such formulas  Even in their final, senior vear courses they had to fhip back to
testhook appendices to remind themsebves of the exact nature of the formulas: and
they sed the formulas only when directed by professors. Tl stress, however, that
Iam talking about management majors here The situation may have been very
different, and more simikar to physies. in a field hke accounting or operations
mdanagenent.

1 mention the art — there was a ot of it and the picces seemed to have been bouglt
n part for ther size aall were by — in part because of the parallels with the
corporate workplace and in part because it set the business buildmg apart from
others on campus, none of which had art collections like this cat best, portrais of
the people the buildimgs were named after or some reproductions bung up m office
Aredas)

Academic faculty were abo socially distanced from practical” faculty. The instrue-
tors and adjunct faculty were seattered around the complex in snull offices, without
wecretanal buffers. close to or in student areas of the buildimg tadjunet faculty. in
fact. had offices in rooms that seemed 1o be originally designed as intenaewing
rOOs for COrPOoraie FeCriners).

The advisers mphysics, by contrast, were i offices that opened directly into pubhe
hallwavs Their doors were not dosed when the adviser was present, and students
simply walked in unless tand sometimes in spite of the fact thaty the adviser was
already engaged. Moreover, the undergraduate adviser in physics did not evaluate,
but instead hundled seheduling problems, finding students internships in profes-
sor's labs, ¢t

Contrast this o the ntrinsically {ocal modes of assocttion — the tight friendship
netwaorks = among working class Furopean-Americans, Hispanics or Afnican-
Amencans desertbed by Willis (19810, Foley (19901 or Rose (1987 Tlis 1s not an
exclusive opposition. however. As we saw with phvsies, extremely localized groups
can be extremely powerful to the extent that they are able to mobilize large parts
ot experience and collapse it mto thar local space. Uang Goffian's (1971 werms,
we could say that the managenient program, and corpordate practice: generally,
nurgimalize anchored ties” s hile ereating dense webs of Lionvinous” ties Personal
wentity doesn't disappear. but at s pushed into the corners and socal aentitiesy’
tihe conter stage In physies, by contrast, personal and socnl dentites are col
Lipsed into one

I dressed difterently when T went o the busmess school as welt B E went mto
phyvsics or soctology areas swearmy st and carvimg . bnefcase Td be pegged as

A testbook salestan But without the accoutiements - - and this wis o very long
T
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tume before 1 hegan to think in terms of the analvsis Fm developing in this chapter
— [ felt out of place in the Business School Building, obvious. awkward. I started
carrving around a te and fresh shirt in my attachd case and alwavs went straight to
the men’s room to freshen up when T came to the B-school from another parnt of
campus  While bodily appearance is hardly the whole ston of mobilizing oneself
for a corporate trgectorny i's 4 stee gra non. 1 once interviewed for a job with the
cducational chivision of Arthur Andersen and without exception, the first thing 1 was
told when Tulked to soneone was that I'd really have 1o shave my beard 0 didnt
get offered the job),

The gualifier is important. Business schools play a much more important role in the
United States than in France (Marceau. 19790, In other words, “cultural capital” may
be less malleable in France than in the United States.

There are several advantages for core firms in an cconomy in having emplovees
who share attributes and interpersonal and communicative sivles geared o the
demands and practices of the organization. They allow the rapid tanslation of
external events into the operating vocabulary of the organization (March and Simon,
19381 make possible the rapid and accurate transmission of information across
large, geographically fragmented social networks (Ranter, 1977, p. 37), and facilitate
group formation and action by signalling status group co-membership (Collins,
1979, p. 61y,

These seminars were presented by relatively voung men and women tin their 20s)
who performed skits of interviews and such in addtion 1o wlking to the people
attendimg There were also brief video presentations on various issues (the videos
shipping in generous references to the products of the sponsoring corporations)
I'd emphasize the fact that the presenters were nof business people, nor, in the
case of the one tellow T alked o, graduates of business schools: he was an actor.
The point is that the sociability being conveved was explicitly a performance. o
simulation
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Spattiad and temporal practices arve never neutral in social affairs.
They alwdys express some kind of class or other social content, dand
are more often thaor not the focus of intense social struggle (Heovey,
1089, . 239

Declaring that knowledge and learning are space-time processes is a4 way of
detaching them from the discourse of psychology and connecting them to
debates in social theory. Assumptions from both psychology and social theory
get disturbed sdong the way, This chapter summarizes that disruption, examines
its retevance and value, and looks forward to its implications.

The question that framed this study was how schooling activities are
connecied 1o activities in other settings. In traditional psychological accounts
activites are presumed 1o be connected by individuals who, possessing some
sort of generative capacity (e.g.. cognitive schemata, habitus), have that capa-
city alteeed at one point in time lin school, and carry with them the conse-
quences of those alterations to their practices in settings encountered at points
later in time.

By focusing on spatiality I've tried to disrupt these assumptions. If it is not
clear by now, et me emphasize again that I'm interested in spatiality: aned
temporality as constructed spaces and times, constructed through networks of
relationships connecting animate and inammate objects combined and arrayed
across vastly separated contexts. T am not using “space’ metaphorically, nor am
I merely saving that since evervthing happens in space, then so must learn-
ing’. F'm saving that people move through space materially, and simulan-
cously move and construct space-time through practices of representation, and
that what we call learning” are segments of motion which tollow the shapes
of more stable institutional or disciplinary networks.,

Institutional settings and activities aren't arraved chronologically in time
(from the perspective of the individuaD. but in networks that construct space-
tmie relations. Participants mn one part of a network are always interacting with
thie other parts of the network, though the interctions are often asyimmetrical
and uncequal Students in the undergradiite programs weren't being prepared,
or prepanng themselves, to partiapate later in professional fields of practice,
they weere mteracting with those fields

From this perspective, learning’ is, first, being able to move oneself and,
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second, other things through those space-time networks. If the phrase “having
knowledge' means anvthing it means participating in an actor-network that
organizes a field of practice such as a “discipline” Galthough that is only one
example — unions, community organizations, and so on could also function
as actor-networks). Participating means becoming spatially and emporally
organized in a form that moves vou into the material spaces of the field, and
becoming proficient at using the discipline's representational organizations of
space-time. The “discipline itself exists as a stable entity insofar as it ties
together spaces and times, mobilizes elements. and moves them across the
distances to a center where they can be combined and acted upon. Some
college programs are both components of disciplinary networks in this sense,
as well as sites for reproducing disciplinary practitioners. The programs I stud-
ied were sites where people were connected. albeit in subordinate ways, to
networks of power that organized activity in crucial parts of the evervday
world. To understand learning and knowledge its just as essential to trace out
the network structures and the political economy that sustains them as it is to
study students” experiences in specific settings of pedagogy or practice. The
programs are not different levels” of a process but different regions of @ com-
plex. highly interactive network.

Although it owes much to theories of “situated learning” (e.g., Lave, 1988:
Lave and Wenger, 199D, the argument 'm advancing differs fundamentally in
its insistence on attention to the spatio-temporal mobilizations that bring those
different regions of networks into articulation. The preoccupation of situated
learning theories with apprenticeship models and practices in small-scale
craftwork communities suggests a kind of nostalgia for localized, pre-capitalist
forms of social organization. Activity is presumed to take place in circum-
seribed; bounded settings among practitioners linked by strong social ties. The
key notion of community seems of a piece with the Heideggerian notion of
place’. glossed by Doreen Massey (1993) as that of a clearly bounded setting
with an essential identity constructed out of an introverted, inward-looking,
history based on delving into the past for internalized origins® ¢p. 6+4). The
results are limiting conceptualizations of setting, activity, participation and
jidentity. Power drops out of the analysis. history is reduced to the life cycle
of the local community.

In contrast, T have argued that schooling Cor any other setting or ‘commun-
ity of practice”) can’t be understood on its own terms, but only by looking at

how its practices are enmeshed in much more expansive networks. Schooling

isn't a mere reflection of “larger” processes — economice, political, or whatever
— nor does it “produce’ tor reproduce) those processes. One part of a network
doesnt create another, but hines of connection and the people and things
flowing through them are abwvavs under stresses, always contested  Things are
defined by then connections Places are constructions made up of other spaces
that have been mobilized and circulated through networks distributed across,
and constituting, spaces and times, “Face-to-face” interaction is @ misnomer: in
addsttion to people and things in the immediate setting people are always

12
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interacting with distant entities that have been materially or semiotically trans-
ported into the encounter.!
Once we see the world as laced together through space-time compression
and processes of distanciation, questions of power become unavoidable. |
- showed in chapters 2 to 5 how the physics and management programs simul-
tuncously concentrated student activity within bounded material organizations
- of space-time and began 1o link those students (albeit in very different ways)
to distant sites of disciplinary practice through representational organizations
of space-time. The programs were one articulation of @ process in which
centers of power become concentrated in small, densely organized places
scattered around the globe but connected to cach other by flows of represen-
tations through the disciplinary web. This simultaneous, flexible process of
centralizing and decentralizing activities” (Castells. [991a, p. 14) is character-
- istic of global cconomies. where the “territorial dispersal of ... economic activ-
' ity creates @ need for expanded central control and management” (Sassen,
1992, p. -1). These are necessary conditions for sustaining a globally dispersed
g elite and generating spatio-temporal boundaries separating that elite from other
i groups. As Castells (1991) suggests:

The new professional-managerial class colonizes exclusive spatial
segments that connect with one another across the city, the country.,
and the world; they isolate themselves from the fragments of local
societies, which in consequence become destructured in the process
of selective reorganization of work and residence (Castells, 1991, p.
REGER

The dispersed centers of power are connected in representational organ-
K izations of space-time that te together what Castells refers to as “spaces of
- flows™. Indeed. the power of the centers depends on their being able to con-
i dtitute a space of flows that ties them together while localizing and fragment-

il

ing other regions of activity. The centralizing and decentralizing features of
modern social organization (the material and representational organizations of

space-time, respectively) are created and sustained through the activities of
. actor-networks. These networks revolve around the work of mobilizing the
world so that it can be moved through a space of flows, and so that elements
of the networks, including students, physicists and managers, can themselves
miove through those spaces inone form or another. Disciplinary learning and
i knowledge are forms of mouon through representational organizations of space.
o spaces of flows,

The physics and management students, by attaching themselves to actor-
netw orks and participating in their practices of representation, were becoming
patticipants in the control and manipulation of disciplinary flows. Physics pro-
duced a4 material orgamization of space-time where students were concentrated
- and linked to ather practinoners and settings of phvsics by aspace of flows
that reduced the natural world to texts and machines Management produced
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w4 space of place that mimicked but sharply distinguished itself from profes-
sional workspaces: a space of flows in which the self became a flow.,

‘Sehves” are not simply multiplied or fragmiented, thevre distributed across
space-time networks, constituted in their material and semiotic connections.
Different disciplinany constructions of space and tme mean different construe-
tions of self.? The physics program compressed stadents” spatial and temporal
activity, bent them into the discipline in a way that tansformed them into
dense mtegrated selves detined by smaldl, close-knit networks of immediate
peers, but ako tightly linked to distant and unknown others participating in
the same actor-network. The management program spread students out and
segmented their practice into discrete frames of reference and hence different
organizations of self, but their disciplinary scelves were mobile bundles of
social practives that allowed them 1o move in and out of distant business
settings, at feast provisionally.

Muking other things mobile and acting upon them in your setting, and
moving voursell’ trom one powerful setting to another. are characteristics of
the disciplinary power that the physics and management students were be-
coming participants in. As Doreen Massey (1993) puts it there is a power-
geometny’ 1o the space of flows: “different social groups and different individuals
are placed in very distinet ways m relation to these flows and interconnections’
(p 61

mobility and control over mobility both reflect and reinforee power.
It is not siply a question of unequal distribution. that some people
move more than others, some have more control than others Itis that
the mobility and control of some groups can actively weaken other
people (Masseyv. 1993, p. 020,

This idea of a power-geometry to the organization of wpace s neter
way of making the poing that the mobilizations of students in th. db aplie oy
network are constitutive of power relations, not just incident: v conrected
to them, It isn't so much position as the pattern of movement. snowledge in
motion, that defines power relations These ditferent regimes of motion build
on and create social divisions that are rooted m differential experiences of
space and time As Pred and Watts €1992) summianize this argument:

In |Castells and Henderson's (1987 language, one fundamental as-
pect of the intemationalization of techno-cconomie processes” is the
iendeney for the space of dlows to supersede the space of places’
(p. 71 Deleusze and Guattari (19770 refer to this sort of phenomenon
as cdeterntoradizanon’. mowhich the actual dynamics of a given loca
ton rely on. and are shaped by, activities and forees that are deaidedly
non-local The logic and dynamics of territorial development are in
creasingly: placeless. Yetat the same ume, social relations, and much
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of what passes as evervday life, continue 1o operate according to a
local, place-oriented logic ¢the space of places (pp. 11-12),

As Castells €199y himself puts it People live in places, power rules
through flows™ (p. 3191, This produces a schizophrenia’. he argues, ‘between
the spatial trame of reference of the dominant elite and the spatial experience
of most people who are rooted in their communities” (Castells, 1991a, p. 190,
The result is o dramatic weakening of the possibitities for communication,
cooperation or contlict.

How can a flow relate to a neighbourhood meeting or to the torma-
tion of culture on a plavground? There is no relation, there is no com-
munication. The process of disintegrating society starts at that point,
because people are not enemies, but aliens (Castells, 1991a, p. 191

It physics and management students were becoming alien” to people like
me and others outside their fields it wasn't because they were being swal-
lowed up in disciplinary apparatuses or having their lifeworlds colonized (o
use Habermas's phrase); it was because they were moving in space-times that
the rest of us don't — and increasingly can’t — move in.

Castells qualifies his Dleak portrait, but his general message is cautionary,
space-ime compression and the globalization of economic and cultural tlows
create fragmenting pressures and disrupt communication among groups ditfer-
ently positioned and mobilized in the power-geometry. As we have seen in
this book. disciplines are implicated in this process as they organize space and
time in distinctive ways closed to outsiders. As educational practices play key
roles in moving students ino these spaces and times and in creating the
boundaries that separate insiders and outsiders, the study of learning and
knowledge can’t be separated from the study of the organization of the social
world, which includes its spatialities and temporalities. As Gupta and Ferguson
1992y remark.,

We need o theorize how space is being reterritorialized in the con-
temporary world L Physical Jocation and physical territory, for so
long the only grnid on which culural ditference could be mapped.
need o be replaced by mualtiple grids that enable us to see that
connection and contiguity: — more generally the representation of
territory. — vary considerably by factors such as class, gender, race
and sexuality, and are differently avadable to those in ditferent loca-
tions in the fickd of power ¢p 20

And T would push thes turther Smce our research, theorizmyg, and wiiting e
contubutions to flows of mtormation, and hence mahke us participants in the
reterritorializations our works comment on, we're obliged to take responsitbality
for the polities that can be accomplished through om works.
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A lot of educational research tells the stories of groups that have been
discriminated against or disadvantaged by the schools; groups localized, im-
mobilized. or mobilized to serve the needs of more powertul groups. Such
research conjures up the political agend of critical social science (Fay, 1988).
It holds the promise of raising consciousness, explaining to oppressed groups
the conditions of their oppression, and giving them a theory and praxis to lead
them out of that oppression. Although such works often move within a spatial-
ization that keeps them separate from their intended audiences, henee vitiating
their politics, the intended logic of the research enterprise is clear.

The logic of the present work may be less obvious. T've studied up’ to
examine the educational constructions of “powertul” learners. My aim is not to
raise the students’ consciousness or move them o action (they have a good
understanding of their programs): nor is my aim (o improve pedagogy in
the fields (for, despite oceasional doubts voiced by educators in the ficlds,
the programs do pretty well what theyre intended to do). In fact, some of the
arguments T've advanced in this book could be taken as explanations for why
it won't have much impact as an mtervention in physics or management prac-
tice. Action moves through space-time networks and the book moves in a
difterent spatial and temporal frame of reference than physics or managenent
practice. lts effects will probably be confined to the network within which it
mobilizes educational portions of the physics and management networks: edu-
cational research.

what the book offers for educational studies is o re-territorialization that
rejects the boundaries commonty drawn around institutions, communitics and
actntios, Instead, the focus is on what's getting mobilized, how it circulates,
who accumulates it where, and how this motion defines and connects things
as it shapes spatial and temporal relations.

To do this right probably means re-casting research as a multi-rescarcher
multi-site engagement. Most actor-networks will be much harder o study than
disciplinary settings like the physics and management programs. And it hasnt
escaped me that my own spatiality in this study was highly localized: ideally
there should have been multiple case studies of different regions or positions
in the disciplinary networks, studies of the different ways ol moving through
them. 101 be difficult to organize this kind of work unless it has a clearer link
1o, and a clearer political engagement with the groups whose space and time
we. s researchers and writers, participate, atbert in subordinate ways, in shaping.

such engagement means thinking about how others can get inve hved in
producing representational organizations of space-time, how the geometry of
Hows can be reconfigured so that tormerly marginalized sites can become
nodes and centers of accumulation as well; how participation can be maximized.
[ don't mean to suggest that these are questions we should ask inour rescarch
F mean that our work, not so much how we write, but how what we wrne
noves, implicates us inoanswers to these questions

The coupling of knowledge and power is something mote than a rhetor-
ical assertion 1Us an empirical question of how material spaces e o mstructed
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or regionalized, how people move in and out of them and within theny; how
the world is mobilized. where it's collected, and who acts upon it. Physics and
management ceducation resolve these issues in ways that allow them to as-
semble widespread and stable networks that shape and aftect large regions of
human experience. What sort of networks do we as educational researchers
build? How might we reshape them?

Notes

Notions such as cintertextudlity” or Cheteroglossia™ assume distanced interactions,
but ignore the question of mechanisms — the networks that organize space and
time. In fact, they are grounded in the particular networks of — and reflect an
unacknowledged universalization of the position of — academic, university-based
readers.

One problem with the Lave and Wenger (1991) framework i that it takes as its
model seenungly localized and isolated fiekds of practice and treats them as exemplars
of all practice.




Appendix 1

The Place of the Major

This appendix explains my decision 1o focus on courses in the nujor field of
stucy rather than non-major or “general distribution” courses. For the reader
unfamiliar with physics and management programs, Tables T and 2 reproduce
the official course requirements for degrees in the fiekds
s clear that this book has focused on a particular portion of students’
trajectortes through the course requirements: for physics students their physics
and math courses, for management students ther business and management
courses Igroring the general education’ courses and non-specialization electives
- isn't unproblematic, but it does mimic the practice of the studenis themselves,
j all but a few of whom described such courses as distractions. In analyzing a
— vear's worth of trunscripts of recent phvsics and management graduates and in
mterviewng students nearing graduation, T found that students took their general

distribution courses At virous points in their college careers and imported
many of them from other cusually fess demandmg) institutions such as com-
munity colleges As aresult, courses m the maor were spatially localized and
tempordlly sequenced in distinctive ways while courses outside the magjor
were not

- Spatial and Temporal Dispersion of the Non-Major Courses

Many speditic courses were required in the student’s magor field of study, but
o students had a great deal of discretion in where and when they ook thei
< penenal distribution courses. The transcripts reveal wospatial scattering, of stu-
e dents non-nanor coursetaking - Although they got their degrees from one

— unnerstiy, ther academic careers crossed many institutions. Over 86 per cent
' of all the students mthe tanserpt sample had tansferred hours from other

universities, and over 54 per cent had taken thinty-one or more hours at other
colteges (e in excess of one full-vear-equivalent of coursest As Tve already
. suggested. the tanster hours were not randomly distributed across types of
B courses, but were concentrated in distribution o non-major coursework Gsee
'f Table 31

Maost of the tanster hours m physics were the resalt ot students begimnmg
then studies at other unyersties or e other nugors, ranster hours m manage
ment were more often the result of students strategreally kg courses
other, less academnically demanding institations. Only three of the nunagement
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The Place of the Mdajor

Table 1 Admunistrative Requirements for the Physics Major

Distribution Requirements (40 nours totall
9 hours of Englsh. ‘Freshman Compositon “Masterworks of Literature’. and "Writing
in Different Disciplines’
6 hours of Amer:ican Government
6 hours of Amernican History
13 hours 1n a foreign language
3 semester hours from one of the foliowing anthropology. econonucs. geography.
linguistics. psychology, sociology
3 semester hours from one of the following art, drama. music. ciass.cs. architecture.
philosopny

Related Math and Science Requrrements (37 hours total)
24 hours i mathematics, at the calculus level and above
) 8 hours of introductory chemustry
- 5 hours of biclogical and/or geological science. including iaboratory

- Requrred Physics Courses (mimimum of 40 noursi
- 12 nours of lower dwision courses N physics
= Wave Motion and Optics (with 1ab) (4 hours)
introductory Electnicity and Magnetism (with iab) 4 hours)
Introductory Mechanics (with 1ab} {4 hours)
28 hours of upper division courses .n phys:cs .nciuding
: Ciassical Dynamics 1
Ciassical Electrodynanics
) Introduction to Quantum Phenomena
Apphcations of Quantum Mechanics
Subatomic Physics
Thermodynanucs and Statistica: Mechanics
. Quantum Mechanics
- Advanced Laboratory i

Recommended phyS«Cs courses .
Erectronics Techmiques (@ 3 hour upper division coursel

. introductory Pnysics (a 3 hour 'ower awvision course not counting towards the BS)

_ Introdsctony Physes Serminar 1@ 1 hour lower dvis'on course 1ot counting towards the
BS:

) students interview ed for this study had been at the university throughout then

- dcadenne careers OF the others one transferred 1o the universitne with about
~ . one vear of coursework left so she could get her degree frony a more prestig-
1ous institution than the one she'd begun at Phree others, all women. moved

trome imstitution to mstitution following husiands or bovriends.

For the rest, movement doross insttations was strategic. spendimg .y ear
AU communtty or junior college to get distiibuation requirements cmanly hib-
eral arts coutses such s Fnghish, history, government, but also sonie of the
it busiess requirenmients such as math, accounting and economiess ut of
the way at mstitations that were both cheaper and casier than the university
cCLana, tor example, ook 2y hours asemester at s commuantty college. worked

pait tne, and numtaimed a0 grade pomt asetager Other students chose to
-8 sord the very Luge and impersonal lower diviston cLisses i nuath, econonues
and accormtmyg, Fnghsh, government and history and mstead took such classes
AU casier community colleges near home dunng the sammer
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Tabie 2 Adnmunistrative Requirements for the Management Major

Distribution Requirements (60 hours total}

3 hours of English- "Freshman Composition’, "Masterworks of Literature’

8 hours Business Calculus

3 hours of psychology or sociclogy

6 hours n fine arts or humanities archaeology. architecture, art, classics, music,
philosophy. Greek, Latn, drama, fine arts

6 hours In the natural sciences astronomy, biology, botany. microbiology. zoology.
chemistry, geologv. physics

6 hours of Amencan Government

6 hours in Amencan History

3 hours in 'applied communications’ (from a college-approved hst. including courses i
media, journalism, and languages)

3 hours of upper-division business electives

6 hours of upper-division social science

At least 7 additional hours outside the College of Business Administration

Busmess Courses (39 hours}

Introduction to Macroeconomics Introduction to Microecononics
Financial Accounting Managenal Accounting
Introduction to Data Processing Business Statistics

introduction to Business Law Money and Banking

Prnciples of Marketing Business Finance

Operations Management

Organizational Behavior and
Administration

Maragenal Pol:cy and Strategy

21 semester hours of upper-division coursework n the College of Business Administration
Among these must be 12 hours from the following

Advanced Organizational Special Topics in Management
Behaviour and Organizational Design of Productive Systen:
Theory Coliective Bargaining

Personnel Management Personne! Assessment

Personnet Field Practice
Advanced Operations Mariagement
Introduction to Operations Research

Tabe 3 Average Semester Hours Taken in Selecled F-eigs and Percentages of Those
Hours Tater at Coveges Other Than the Uruversity

Frelds ) Physi«cs Students (N = 171 AManagement Siudents (N = 36
Average tota! hours 167 (24 27 134 (29 1%
Phys«<s 48 (10 3% )
Managen.cot 723 {09 5%)
Enghsh 9 (31 5%, 11 (47 1%
Government 6 (333%) 7 148 8%.)
History 6 139 5% 8 (58 14}
Math 30 2040 8 (62 5%
[ 40 "IN
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Management students 0ok over 45 per cent of all their liberal arts hours
from other schools. Fourteen of the 36 whose transcripts were examined in
detail took no history or government at the university, while only six of the 360
took all of their government and history courses at the university (by contrast,
only four of the 17 physics students received their degrees without taking
history or government courses at the university). Much the same was true of
the introductory coursework (which, significantly, served to “weed out” students
who began their careers at the university). Only S+ per cent of the manage-
ment students’ courses m economics were taken at the university, 55 per cent
of their courses in accounting, and 37.5 per cent of their math courses. Eleven
of the 36 students in the random sample ook no accounting courses at the
university, 12 took no economics courses, and 19 took no math. By contrast,
very few transter credits were used in finance (7.8 per cent of total hours in
finance), marketing (15.9 per cent) or business faw (19.5 per cent).

Although the courses appear closely connected in disciplinany represen-
tations such as course requirements and transeripts, they occupicd uncon-
nected positions in the material organization of disciplinary space-time. Physics
and management students could fulfill their ‘English requirements’, for example,
at one of thousands of post-secondary institutions in the country, at twe or
more different institutions, or through tests that allowed them to “place out” of
the courses. This kind of spatial dispersion of courses outside the major made
it less likely that they would be connected through network links or that
students could relate them to one another in substantive wavs. It almost cer-
tainly precluded a group effect on physics and management majors — what-
ever they ook away from their scattered non-mijor courses was almost certainly
ditterent from what their co-migjors ook,

Concentration of Courses within the Major

I the courses outside the major were saattered through space-time, the oppo-
site was true of courses in the njor field. Only 317 per cent of the physics
students and 175 per cent of the management students” required coursework
was in their major field (of. Levine, 1978, pp. 31— However, the university
I wudied, like niany others, required students secking degrees to take most of

the courses 1 the magor n residence” on the university’s camipus. The result
w s that students ook sthout 90 per cent of their coursework in the major fiekd
st the university. Clable 31 Morcover, wheteas the vast majority of general
education courses could be taken in any order, courses i programs such as
physics and munagement were temporally organized by prerequisite require
ments The phvsics and math courses were interlocked so - that. m theory at
Jeas, Trom thiear frst through then finad semesters physios magors moved through
Lsequence of courses completely structured by prerecuusites

Management had a more complicated structure: asequenced set of business
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courses required of all business ngors, along with three sequenced managenent
courses. Somewhere during the management students” third or fourth vear of
studies they also had 1o tike four management courses (from a variable number
ol options? that were sequenced i different wavs 1o the main set of courses,
The resulting temporiat organization created small clusters of sequenced courses
rather than a single long string as in physics.

Official sequencing rules such as these exaggerate the pace at which
courses were actwally taken: college catalogs portray undergraduates marching
through their courses of study in four vears, eight full-time semesters. In the
sample of transcripts T studied. only 21 per cent of the management graduates
and only 3 per cent of the physics graduates matriculated in four vears. About
4 quarter of the students in the two fields spent more than four vears because
they changed majors in mid-course: others transferred 1o the university from
ather schools and had to re-take courses. One major source of delay in physics
was doing poorly in a course: 29 per cent of the graduates had flunked a
physics course and had had 1o re-take it hefore continuing with the progran.

The most common source of delay, however, was the strategic stowing of

the official pace: students ook 12 hours w semester rather than the expected
15 Aanagement students ook some of their courses in the summer to allow
themselves these lighier course loads. Physics students would frequently reg-
ister for acourse, then drop it and re-take it ina later semester.

Although the padang varies in this fashion. the official course sequences
do define the general tigecton of students paths through a program — a
taectory backing in the non-nugor courses, The tanseripts shiow that with few
CNCUPLIONS courses otitside the Mdajor were not \cqllcm'cd I)_\ pl‘crcqlll\ik'\
They were temporally scattered across the students” academic carcers (the
generdl exception being the posiionmg of “Freshman Fnglish™ in the first or
second semester of studies) Although the temporad fragmentation of non-
nior courses doesnt necessarily mean that they weren't organized into know -
ledge-constitutive networke, it does, along with the spatial dispersion mentioned
carhier. make such network effeas much less likels in courses outside the
maor A least. this seemed o be the case for the students bonten iewed.

In choosig non-muor courses, for example. management students spolke
ol lookmng for four things convenient hours, casiness tdoes the professor tell
vou eaactly what he wants and then test vou over it entenaining teachers
and - entertunmg subject matter foc, for example, prased bis dass i the
Histony of Mouon Prctures” thus

I took that becase T heard it was real casy . takmg nas an elecne
A azm. it was the same case, fthe professor] swas just maredible,
one of the best, probably the best teacher Tye had at [the nniversiy!
The tests were relam el cass le was justredlly dear onwhat vou
e tor know

By contrast, e spoke shighungly of courves ke Fnglhish
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The English, I guess it's probably important to have, to have alidde
knowledge of literature and the correct way to write — that's certainly
mportant. But 1 felt ke it was a litde overemphasized. o1 had, fet's
. wee, compositton the first semester, and then vour Masterwvorks of
' Literature — which I T guess it's good to know stories by Thoreau and
Poe and all those guss, But | dont feel it's necessary,

similirly Curtis, who didn't like to read, spoke of having Tucked out” in
] taking a literature class where the course work consisted of learnling] a bunch
B about the authors Where they were born What their parents did’:

: most of what we read wasn't that long. Tt wasn't like gomg home and
- redading St pages betore class, It was more like mavbe 15, Sometimes
_ we'd read two or three poems that were like half a page cache As far
as the reading part of that course, it wasn't that bad. 1t was more irving
to figure out what they mean

§ Phnsics students, Dy contrast, had tar tewer non-niajor courses o take and
- . could ocaasionally find classes relevant to the sciences that tullilled their noen-
screnee requirements 4 parageographiy’ course in the humanities, history
courses on the lustory of science, an archeo-astronomy course in anthropo-
logy . saciology courses on nuclear power and weaponry. On the whole, they
looked more favourably on non-nujor courses than the management students,
Dt siill tormulated their approv al as appreciatons ot particular unrelated courses

rather than conneded sequences of courses

Lets see. Ddid get something out of the government class F ook T had
aven good professor who was very aninated and it was on Civil

Libertes under the Constiution . and he made 1t very interesting,
ard 1 came out know ing & lot mote about Civil Liberties. Ah, the other
government class b had itwas really more just agrind, it was just the
haste mtroduction to government, and 1 don't know that 1 hadn’t had
All of that sl betore T ook an anthropology class, the study of
folklore, and 1 found that 1eally mteresting, reathy enjoyed it We
studied more contemporany thimgs as well as some of the older
folkiore Lot me see the Enghsh classes that 1 ook, we covered
<ome new matenal, Tdont know that T got anvthing out of it except
st the enjoyment of covering the nraterial. T really didn't leam any-
thimg new exeept nunbe leamned some new things about some
stortes CRobn

s the quotations suggest, tor both groups of students there were no pat:

2 terned movenents through the space outside the mayor, no transformations in
<ocnl relations of mind, no connedtion among the contexts of the non-nugos
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The spatial localization and temporal sequencing ol courses in the major
marked them off from courses outside the major. 1t undergraduate education
had systematic eftects on students — it it produced outlooks', “skills™, “know -
ledge’. or ways of knowing” characteristic of groups — then these effects were
produced in the major. The non-mgjor courses may have stayed in memory,
hardly registered, or been immediately forgotten — but in any event they were
monuments glimpsed at a distance, not places hived in, not integral parts of the
joumey into the discipline.
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Appendix 2

Making Knowledge About
Knowledge in Motion

What I plinned when | started my fieldwork was over-ambitious. T was gomg,
to carry out an cthnography of four programs at a major university. 1 analyzed
catalog requirements and enrolment statistics to select two academic™ ficlds
that secemed to have a graduate emphasis (physics and sociology), and two
that seemed to have an applied” undergraduate emphasis (managemient and
secondary science education). The programs were abso selected to produce
dimensions of some substantive comparison: physics and science education
both dealing with science” issues, management and sociotlogy with “human
social behaviowr” issues.

I hoped that studying programs with such contrasting structures would
allow mie to say something about how curriculs — the sequences of courses
required for a degree — shaped student learning

I began by approaching the Deans of the four colteges concerned to gain
their permission for the study, then T met with departinent chairs to get their
ORs. Al were open to letting me approach faculty in their departments, Ay
goal was o interview alt l}lculty" who'd taught undergraduate courses in the
preceding vear, This meant almost all of the sociology and secondary science
cducation faculty, about halt of the management professors, and a relatively
smalt number of physics taculty, However, some teaching assignments were
unfilted unuld just betore the beginning of the semester (¢.g., for the introduc-
tory courses in sociology and management) and in other cases teaching assign-
ments were changed at fairly Late daes Gn physics and sociology). In addition
to this, many faculy simply were not on campus or availuble before the be-
gining of the fall semester. For such reasons, the process of introducing
mivself to facutty and making arrangements to interview them continued into
mid-October

Finding and tilking to the faculty 1 eould identity waso't all that casy.
Many didn’t post office hours, wouldn't return catls, and didn’t show up when
their seeretarios expected When T waltked into sociology and phvsics ottice
dreas dressed moa st Twas taken as atextbook salesman, but il b ventured
dround the business school in anvthing fess formal T was looked at askance as
an uncouth student As it turned out, most of the taculty . once 1 tound them,
were very gracious (he exceptions were phyvsies Feulty, somie of whom were
as eurt tome as to therr students). tiried o meet them first to get a copy of
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the svllabuses tor ther undergraduate cotrses, to set up an intenviaew st alater
date. and 1o get pernission 1o observe classes.

Only one faculty member dechined 1o he interviewed on tape, and even
he was wilhing to speak informally. The interview s averaged about 30 minutes
mn fength and focused mainly on three areass (o the instructors” views of the
godls of the departnents, the place of ther courses in the department. and the
charactensues ot the department that influenced how they taughts thy when
ther godls were for the courses i question, how they taught them, swhy they
sefected the particular tests they used, what kinds of students they had, how
they evaluated students, and so forths and o then own research interests,
collegial ties, and status in the departient The questions about course goals
and acuvities usually focused on statemients and assignmients on the svltabus
[ had @ list of questions swhich §used to remiind myself of issues Twanted to
talk about. T did not worry about preserving the exact wording of the ques-
nons or any particular order. Thus the interviews, especialty the sedions deat
ing with the syllabuses, were relatively unstructured. Pdid a total of ¢S mterviews
with faculty (owelve in management. nine in physicos, cighteen in sociology,
dand sixin education,

I atempt to compare the syllabuses T eoltected to those used i the
samne departments at other universiues with siuolar navnonal rankings T bought
catdlogs trom the colleges and wrote 1o depattinent hieads to v to artange for
ther 1o send mie copies of svilibuses, but the response was <o uneven | had
to abandon the eftont

Talking to Students

Gettimg access o students was easier i some swavs, but samphong” the student
Dody was harder The adsiser mothe physics departinent helped me get names
and phone numbers of physics students The advisers at thie busimess schoaol,

on the ather hand. told me that althongh names of maors and phone numbers
were public mfonmation, and thus fegally accessible o e, stadents conded
they wished, make such mtormation restricted Well, 1 sad, dont give me
those Al they eplicd, we dont know whitc ik ones might have made such g
request. thes e not thigged on the computen, so s e can't give you any nanies

fest one ot the restncted ones shps through I sociology and educanon there
weren'tevertany advisers oapprodach €1o obtam hists of students i the to
nnors from the cenal office would requue - <o Tevas told - - specid pro
pramsung and tus i nnn would cost money an L requine elaborate time
consunmng (l('l.l)'* and negotiations )

I mandgement, soctology and education, then, T simply concentrated on
Attendhng classes ceoutses that all ngors i the progoam wonld be requared o
tihe, not elecives and anormanagementy stident assocation meetings b got
to hnow and talk o stidents mlormatly,and o tew weeks mto the semester |
sunveved stdents e all ot the chisses Tsat i on The stvesvs included
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written staterent describing the project and were distributed with a sales pitch
designed o interest students in being interviewed. Students who wanted to
participate were asked to sign and provide a phone number at the bottom of
the sunvey form. From both groups T'd try to recruit students for formal inter-
views  Again, the sample’ isn't representative: or randon, the students are
analysts whose perspectives ire: points of entry in the explication of their
programs (Smith, 1987)

In selecting students for tormal interviews T eoncentrated on seniors for a
couple of reasons. First, T wanted o be able 1o tatk with them about their
academic careers in their programs. Second, 1discovered that in management
and sociology, at least, few students “declared” the magor hetore their senior
vear. In fact, the only program with sizeable enrolments at the freshman and
sophomore level was physics, and there 1 did observe 4 sophomore class and
interview second-vear students. T interviewed  eighteen sociology students,
cighteen in secondary science education. fourteen in management, and eight-
cen in physics televen seniors, seven sophomores). This. of course, does not
mclude the regular informal conversations that | had with students in cach of
the majors. The formal student interviews were, like the faculty interviews,
loosely structured and open-ended, though had a fairly elaborate set of
questions. They averaged between 5 minutes and one hour in length.

Classroom Observations

The problem of how to examine what actually went on in the courses of the
nmaors — how curriculum was enacted — was o ditticult one. The common
practice n research on college classreoms s heen to use techniques and
methods modelled on those developed for research on public school class-
rooms (e.g. Ellner and Barnes, 19831 The basic though usuathy unacknow:-
fedged assumption behind these approaches is that the classroom can be treated
1 2 sel-contained unit of activity that can be meaningfully analyzed in terms
of what teacher behaviours seem connected o what student “outcomes’. But
of course students interpretive strategios shape their responses to the demands
o1 tasks of the teacher. Moreover, key activities such as note-taking, textbook
reading. studving for tests, paper writing, homework probleni-solving, and so
torth. tahe place outside the classroom: The kinds of detailed observation
notes that 1 was accustonwed 1o taking in high school and junior high Class-
tooms (verhatim accounts of specech, running sometimes to almost 1) pages
long for a 50 mmute classy were of limited use in studying the lectures and
presentations that characierize most classrooms .t the university tor for that
muatter. discnsstons i the oceastonal seminar chasses).

I mde dose obsersations of some 100-odd cliss sessions, meaddion 1o
regulan obsenvations of student problem-solving sessions tespediatly common
m physics),and ol student study outstede the classroont (e g, group work m
case analists m business) This was in addition o my darly note-taking and

.
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observation of students in libraries, campus meeting places, student associ-
ations, and so forth.

Transcript Analysis

I analyzed copies of 225 transcripts representing all of the students who'd
graduated with degrees in the four fields over the most recent year for which
records were available (getting access to these records — even with the names
removed — took about six months of negotiation). The analysis focused on

the number of issues: the number of hours taken and semesters attended, the
number of hours tuken in the major field and outside it, the number of hours
transferred from other institutions, grades made in and outside the major, the
kinds of clectives taken by students in the different majors and the sequence
and timing in which they were taken, and so forth,

What Happened to Sociology and Secondary
Science Education?

The book deals with physies and management alone. There were some prag-
nuatic reasons for this exclusion (length being an obvious one) but the busic
problem with incorporating sociology and secondary science educition into
the account is that they're different kinds of educational experiences, different
kinds of stories. Physios and management were programs that scemed 1o
generate group effects by moving students through shared material and rep-
resentational orgamizations of space-time. Sociology and secondary science
cducation were spread out across the campus. had no regular temporal organ-
1zation. and no group cffedts.

As T had initially surmised, graduate education was the main focus of
teaching in sociology. [ had assumed. however. that as in my own experience
in anthropology, the undergraduate program performed the role of socializing
and recruiting students into a graduate school orientation in their fickd. This
was not the case As a professor explained, the goal of the depanment was;

Training graduate students who will then make a name for themsebves
which will buikd up the reputation of the department here and benefit
evervbody who's in it 10s not to teach undergraduates.

The last sentence in this statement must be qualified stightly: if it was not
important to teach undergraduates sodiology, it was important to have a lov of
students in undergraduate sociology courses. First, to enter the graduate pro-
gram m sociofogy at thus, as at many universities, one did not need an under

graduate degree in sociotogy Thus the undergradaae program did not tuncuon
As e recrutting ground for the graduate program. as was the case m phvsics
Second. sociotogy was funding-poor relative to the sciences and the busmess
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~chool, meaning that it could not rely on outside funding as the principal
support for its graduate program. Third, the rules and “course load formulas’
regulating teaching assignments and the allocation of teaching assistantships
made large courses desirable in sociology. Without going into details, the
formulas created a situation in which the larger the courses a professor taught,
the fewer courses he or she had to teach, and the greater the number of
graduate teaching assistantships allotted o the department. These assistantships
supported the graduate program in the absence of large and steady sources of
outside tunding.

These factors created pressures for courses that attracted large enrolments
and worked against a sequencing of courses structured by prerequisites. Aside
from the four completely determined courses required of majors, the majority
of sociology course offerings dealt with topical, high-interest issues (e.g.. nuclear
wir) or areas of perennial interest te.g., sex rofes) As one professor explained.
‘marketing” was “part of the logic for such curricular decisions:

It you have under social problems” a course on say, racism, sexism,
violence, any number of things, chances are you're going to attract
more people overall than if you have one or two sections on social
problems” in general.

It would be misleading e say that these courses were offered because
they attracted arge enrolments. The courses represented areas of genuine
concern to the faculty who taught them — buat it was the need for enrolments
that created the opening for faculty to pursue these concerns. Thus sc waology
faculty had given tue thought to the undergraduate curriculum bevond their
own courses. as can be seen in the following exchange:

[Aespor, There are four required courses in the undergraduate curric-
atum .. Why tour, why those tour?]

A sacred sociological number laughsl . Well it seems to me like,
4l let me say 1 have not done ot of conscious reflection on the
undergraduate sociology curriculum. . 1 suppose part of it is career
trajectony That's soniething that Tve been able to avoid. and [ have to
avoid 1 1ot of things in order o make it in the acadenie world,

W hile atomizing the courses and denying any necessiry connection among,
them et alone a cumualative effect on students), e carricular structure was
4 marketng device, @ way of generating undergraduate enrolments o help
wupport the graduate progran. Students majoring m sociology. for their part,
veed the commodity being marketed to - their own ends obtaining a degree.

U ndergraduate socology wasn't really acprogram’ Tewas aset ol toose
requurements (21 hours n sociology, without prereguisite requirements) that
attracted students who'd lefi other programs I the transeript analysis, tor
example, T tound that 37 per cent of the students who'd graduated with BAs
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in socology had entered the program after flunking out of the busimess schoot.
Undergraduate sociology courses were not organized into a sequence or net-
work tied together in a material organization of space-time. Instead, they were
constructed to attact Lkarge numbers of students, which in turn generated
Assistantships for graduate students and reduced the teaching loads of the
faculty, Towas the gradoate program cwhich rated m the top twenty nationally,
see fones, Lindzeyv and Coggeshall, 1982) that faculty were concerned about,
The undergraduate courses were cash-cows supporting it. Only one of the
cighteen students ‘migjoring” i sociology 1 interviewed was thinking of con-
tunuing to graduate school in the field. The others were going into the workforee
upon graduation and had ended up in socioloy because it had the lowest

number of requirements and it allowed theny o get a degree in some area

rather than leaving school without a degree.

Like sociology. secondary science education didn’t function as a prograny’
in the way management and physics did - Secondary science education faculty
intended their program 1o prepare students for the workplace, weachimg spe-
afie ficlds of scicnce at the secondary Tevel, The science educdiion program
was distimenve, however, m its dependence on other departments and colleges
ot the unnersity —— in particular those in the nataral sciences, First, the major
dres s students from these ficlds: students who had initially intended o
major i .4 science or engineerig, ficld, and had Laer decided to teach. The
scienee departments also decrded whar kind of science courses students should
tahesand tught the conrses as well As aresult, there was actot of variabilay
JOTONS dl.\('iplim'\ At one estremie, secondary science students getting certified
in biology had 1o take 20 1otal hours in biology tin courses of their choice),
while at the other extreme, students getting certified in chemistry had o take
29 hours in chemistey calb of them speaified by the chenustry department and
25 ol thenr sequenced by prerequisites) and sinadditional hours in science
Not surprsingly. 1o of the 31 recent graduates whose transeripts Texamined had
brology as their main concentration while only one spedialized in chemistry.

Lacking control over then students” science curricula, the education faculty
gonerally expressed dissanstaction with it As one secondary scienee education
taculty member espluned

Fivprcally give them fthe students] a pre-test when we first start, 1o
find out what then understanding of fundamental concepts or basic
concepts s For anstance, this semester not one of those stucdents,
even though they got over 30 average in their saence courses, with
Amost 60 semester hotrs meosaenee, not one of them could define
molecute mman accurate wav: Not one could operationally define tem
perattre Jewas aovery small per cent that coutd define volume None
of them 1 shoubdn tsay none bot s e that any of themn have
s notion at all about the natare of scence, meteries of the natae
of scientific laws o1 theores or how they are evolved They've had
practcally no preparation i terms of any kmds of thinking <kitls hke
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drawing interences from dataand the processes inve shved Our saience
courses At the unversity fevel just don't do anythung for them. at least
not those kinds of things. .. They really do need a different kind of
«dience than what thevre getting, because the kind of science they're
wetting isn't helping them to teach kids at all

One faculty explanation for this was that ‘teacher prepuration s not one
of their priorties in the natural scicnees ™ Ane her explanation, however, emerges
from the transcript analysis of 31 students who graduated over w thiee semes
ter penod The transeripts show that most of the science cotirses students ok
were introductony science courses. Byintre sductony” T mean a course that
actually serves as the firstin the nayor (has the lowest course number. requires
no prerequisites? ora lower-div iston course thal requires no preredquisttes and
1~ designed tor the general. non-science student (e, Botany for Gardeners).
Uaing this definition, 81 per cent of the physical science coursework of stu-
dents concentrating i physicl science wis mtroductory, #1 per cent of the
hiology coursework of students concentrating, in biology was introductony.
and -1 per cent of the earth science e wutsework of students getting scienee
speciahzations was intre ductony

What these numbers suggest, and s was borne ot in interviews with
qudents. the curnculum merely set numerical levels of course taking to define
aceeptable exposare o ficld. Students selectively sampled from the ficlds m
order o acceumulate the needed hours in the casiest manner pe ssible Thev
Jdid not participate i the stadent cultures of the saence fields nov did they
construct mages of the ficlds as intellectual domains: Iy focusing mainly on
introductony and low er-tevel courses tdesigned by the science faculty cither as
entolment gencrators or s weed-out” courses. and in both cases organized
around the routinized presentation of nuaterial and ‘obective’ test formuats such
as multple-choreer the students cane 1o look at the sciences as disointed
aggregations ot facts” ts ymething the students resented- they referred 1o their
scicnce courses s seart and bart” courses and comphuned of their uselessnessy.

Although the courses mthe education portion ot the secondary science
cducation curniculum were sequenced by prerequisites. there were no sub-
Nt e connections aeross them npars this was because the curriculum had
been butfeted by legislative mterventions - the centification standards tor
ool teachers New cotrses were eredted while other portions of the cuarrie-
ulum were truncated The courses that were reeent. sLate-mandated addinons
1o the curmculun were noi wellantegrated with the other education courses.
One, tor example, tied 1o address such topics as the organization of schools’.
tegal aspects of schooling’, ethical aspeds of schooling’. attention to students
with varving needs - and media’ Bewas as one faculty member explamed. “a
Combimation of vanous topics put mto one three hour conrse, and they don't
necessanly it together moany meaningtul way - Fyen the miore established
Coutrses of the curriculim, such as educanonal psychology were,m the words
of one institictor, discontimuous” with the rest of the preparaion program
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The shared progranumatic experiences of the secondary science students.
then, really amounted 1o two courses (secondary School Teaching and See-
ondary Science Methods) and student teaching — not really a program’ in the
sense Pyve been using in this book. Thus. as I've suggested carlier in this book
and elsewhere (Nespor, 1990b) physics and management reflected kinds of
disciplinany educations — the movement of students into networks of power
— not post-secondany education generally. Each student graduating from so-
ciology and secondan: science education had unique rather than a shared
trajectony through the space-time of the university: the stories of those students
are important stories. but thevre not the ones I'm telling here.

Making Knowledge about Knowledge in Motion

I cannot conclude without acknowledging the wension between the theoretical
anbitions of this book and the practices of rescarch and writing that created it

Consider the interview material 1 draw upon in the book. Standard inter-
viewing practice focuses discussion on the researcher's topics and. insofar as
those topics are drawn from the academic literature. transforms the interviewee
mto a commentator on the categories of the disciplinary discourse (Smith,
1977 But interviews do moie than shape content. First, they foreshorten
e (Rose. 1987 p 200 Instead of experiencing the rhythm and improvisaton
nature of an event we are provided with a map of it as already completed
Bourdiew, 1977 Second. interviews reify the individual” as a source of know-
ledge We hear accounts constructed from the perspective of a4 single. seem-
ngh independent source tignoring our own role as intetlocutor). Third,
mterviews produce accounts that are referential’ tunambiguoush: indicating
people or things i the real world) and devoid of tone or expressive or
creative features (Briggs, 1980, pp. 116=19). In short. as Brigggs (1980) arguces,
interviewng produces an Cinitial decontestualization of the data even before
we begin the analysis (p 1180, ‘Coding” and the other standard components
of interview anudysis further decontextualize specech until its spatiat and tem-
poral groundings are no longer visible:

standard sociological analysis uses some method of coding and inter-
preung such accounts 1o order the interview materials in relation 1o
the relevances of the sociological . . discourses. These cnable the
mtenviews to be sorted into topics typical of the study population. In
such a process. the standpoint of the women for men) theniselves s
suppressed. The standpomt becomes that of the discourse reflecting
upon properties of the study population Characteristics of the study
population become the object of the knower's g tsnth, po 18

Onr methodologices decontextualize practice to produce “data they sup
pressats temporal and spatal organization and ignore the space-time organ
tation of the rescarchers practice that produces the dnalytic daecount tmy
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preoceupation with academic work is just one example of what Smith calls the
sectioning out” of experience by research practices). OQur practices of repre-
sentation produce the object of knowledge as a spatiatly bounded and self-
contained entity, either static or unfolding regularly through time.

I do not pretend to have overcome these difficulties. My intenviews, for
example. tended to suppress the expressive and poctic features of discourse.
My questions focused prinarily on the work of schooling: choosing majors,
selecting courses. doing assignmenis, and so forth. They didn't allow students
to construct themselves as, say, ‘emotional” selves. My obsenvations were of
academic events and social activities on the university campus and don’t even
touch upon life off campus, at work, during the summers, and so forth.

The book, then, is a very partial story. The basic strategy that underlies
its construction flows from Rosaldo’s (1989) suggestion that the accounts of
people be treaied not as data’ to be analyzed” in terms of a disciplinary dis-
course, but as informed analyses in their own right (Rosaldo, 1989, p. 120 of.
Gwaltney, 1930)

Treating interview discourse as “analysis” means thinking of it as a situated
account in which the speaker creates the objects” discussed in interaction with
the interviewer. Narratives are a0 representational technology (Nespor and
Barviske, 199D that speakers use 1o constitute and explicate phenomena in
the interview coritext, not referential accounts that can be coded” or reduced
to categories that allow one speaker to be combined with others. In essence,
I gave up some of the mobility, stability, ond combinability of the interview
discourse Iy reproducing it in lengthy, relatively immobie chunks that are
unstable tin the sense that they allow alternative explications), and mix poorfy
because they are uncoded.

The book is not about students’or student life, but curriculum and the
organization of disciplinary knowledge in undergraduate education. The stu-
dents were co-analysts. not objects of analysis, in the sense that while the text
i~ ultimately my doing, the words and voices inscribed here are not entirely my
own. There's a difference between weaving and quilting. 1 could not tollow
students across the four tor mored vears of their studies, or duplicate their
journeys, but T eould draw on rtheir accounts of these things. As Clifford (198%)
points out, this is not a straightforward solution: using lengthy quotations
accomplishes litde if quotations are always staged by the quoter and tend
merely o serve as examples or confirmimg testimony” (p. S, My goal has
heen 1o make the quotations carry the burden of explication. But treating
students’ comments as analyses means reconciling ourselves 1o atext that
docant resolve’ into parsimontous explinations or interpretations. As Rosaldo
CTOROY suggests

Narrative analyses old or witten from divergent perspedines . wall
not it together into a unified master summation L Social analysis
thus becomes arehational form of understanding in which both parties
actively engage i the interpretation of cultures” Rather than bemng

o
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perspectival, inscribed from within a single point of view, such torms
of human understanding involve the irreducible perceptions of both
anadysts and their subjects. Much as two narratives usually do not map
neatly onto one another, one party’'s analysis can only rarely be re-
duced 1o the terms of the other (pp. 147=8; 200201,

This non-reductionist approach goes against the expectation — not just
our own, but that of publishers, journal editors and most readers — that the
multiple perspectives explored in a work will in the conclusion be reduced o
onc single account that the author will explain “what it all means’. Such ex-
pectations. again, are grounded in the spatio-temporal practices of social re-
<earch that seck to insceribe, reduce, and mobilize the world in interpretations
and explanations that allew actors at the center of a cycle of accumulation to
speak for those elements of the world. As Smith (1987 pults it

The multiple perspectives of subjects. the multiple possible versions
of the world arising i subjects” experience, create a problem for
sociology only when our project is to establish a sociological version
superseding theirs. Itis a ditficulty that arises largely from grounding
soctology in “meaning, mnterpretation’. ‘common understandings” and
the like rather than in an ongoing coordering of actual activities ac-
comphshed in definite historical settings (p. 1+

As much as Tresstit Fma ereature of this way of reducing the world, as
are all of us who write books. The best Tean do with this text is tnv 1o position
myvselt not as a transkitor of the seople I sudied. but as someone who traces
and explicates the material and 1epresentational productions of space and tme
that link people to other people and things beyond their arenas of face-to-face
mieracuon My arguments do not subsume those of others. R uhu ['ve tried
to situate their anabyses, not interpret or expldn them

Aside from an unevenness in tone, which ve tried to minmize, this use
of the students” comments may invite the complaint that the book is over-
reliant on students” maive’ accounts of their experience. But naivete. like

irrationality”, is less athing than an accusation CLatour, 19871 It seems to nie
absurd 1o suggest that § know more about being o physics student than the
students doo My knowledge is no less stocat” than theirss wee simply buitd our
networks of ditferent shapes with different materials, They build their accounts
through ongoing participaton in the programs. T build my accounts in part out
ol theit accounts But this does not nake mvoadeas more “general m some

SCNSe

No khnkd of wark s more Jocal than any other unless st bas been
conquered - and forced 1o vield atace Then it can be worked on
v its absence An African hunter who covers dozens of square miles
andd who has learned to recognize bundreds of thonsarids of signs and
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marks s called a local” But a cartographer who has learned 1o re-
cognize a few bundred signs and indices while leaning over a few
square vards of maps and aerial photographs is said to be more uni-
versal than the hunter and to have a global vision. Which one would
be more lost in the territony of the other? Unless we follow the long

-history that has turned the hunter into aslave and the mapmaker into

A master, we can have no answer to this quesuon. There is no path-
way between the local and the global because there v no - global
tLatour. 1O8S. pp 219-20

No global, no unify ing narrative or perspective What were lefe wali is
pathwass and nctworks, and the task of figuring out how people got started
down a particular route and what happens to them as they traverse i
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Knowledge, Identity and School Life Series: 2

Knowledge in Motion: Space, Time and
Curriculum in Undergraduate Physics and
Management '

Jan Nespor

Knowledge in Motion is an ethnographic study of two university programs
where education and power come together in crucial ways: physics and
management. Knowledge in Motion takes these fields as points of entry into
an investigation of how students get connected to core disciplines of modemn
society, and how they become part of durable and extensive networks of
power.

In place of the traditiona! psychological focus on knowledge structures within
individual minds, the book focuses on leaming and knowledge as
organizations of activity in space and time. The language for pursuing this
line of analysis is developed in an introductory chapter. The main body of the
text presents ethnographic analyses of student knowledge practices in the
physics and management programs. Both programs are shown to reconfigure
students’ spatial and temporal practices to connect them to the respective
disciplines. However, there are radical differences in how these
reconfigurations are accomplished by the programs. By showing how
students become enrolled as practitioners in networks of power and
knowledge, the book makes a substantive contribution to the study of
knowledge/power relationships. By analyzing leamning and curriculum as
processes of producing spatial and temporal structures and relationships, the
book also makes a theoretical contribution to educational studies generaily.
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