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On socio-technical ecology and the study of
innovations

INTRODUCTION

THE PURPOSE OF THE FOLLOWING ESSAY is to present the general mode of think-
ing developed in an on-going research project dealing with the interaction be-
tween population, technology and settlement!. One aspect of the project, among
several others under work, has to do with the adoption of innovations and the
subsequent effects of their integration. It is this special problem area which will
be discussed here. No empirical results will be reported, however. Such will be
made available later in a forthcoming study by T. Carlstein, together with a more
exhaustive theoretical treatment (cf 1970). In the present context the emphasis
is laid upon how empirical information must be organized in order to be capable
of being used in connexion with the theoretical frame which is advocated. Parti-
cularly in historical work, where so many critical variables cannot be taken as
intuitively known, there is a need for a large amount of fresh empirical data or
reinterpretation of existing ones before the desirable synoptic picture will be
attainable. In the opinion of the present author a great deal of effort must be
made in order to make our present piecemal knowledge of society truly additive.
But this can be accomplished only if researchers agree about a common and
consistent view of the world. Our research project as a whole is trying to work
out a proposal for a frame of thinking which we hope will become both widely
applicable and internally consistent. Innovation is embraced as one component.

A great number of disciplines have approached the problem of innovation and
change out from their specific vantage points and therefore we have now several
research traditions which form a parti-coloured mosaic of pieces of knowledge
rather than a conceptually well-knitted whole. It seems, however, as if the
research traditions could be broadly classified into two groups.

On the one side we find investigations of cases which are described as fully as
possible with respect to their situational contexts. The bulk of this material
concerns historical cases in western societies or present-day cases in non-western
ones. The rendering of data and the analysis is only to a small degree formalized.
The aim is to arrive at an understanding in verbal terms of the chosen cases per
se, much in the same way as literary works dramatize fictitious situations.
Generalizations beyond the historic and geographic contexts are ventured only
hesitantly and with strong reservations.

On the other side we find a less long-established variety of studies which
aims at a formalized general theory. Generalizations are frequently made in
terms of models, intentionally simplified and stripped of most of the particular
situational circumstances. Standardized concepts and quantitative information
are considered to be essential bases for progress in this tradition.

Beyond this division of approach there is of course much common ground. So,
for example, it is probably true to say that all researchers on innovation agree
that a new artifact or practice has to pass through a series of rather clear-cut
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stages on its way from idea to established routine: invintliii)n,fprim? .im}qvatiox‘l,
diffusion, saturation. It is rather‘charactensuc t}_la_t thcle_ u fo hf:n;{;?llzcia 1nve?1_
gations made along the quantifying and gener alizing line of t “; Ing has so far
concentrated mainly on the stage of d1ffus%0n, tha_r is on how information about
innovations is transferred through a socm-techt‘nc_al system and on how the
imitating adopter differs in individual characterlstzc§ from th[: nor;—adoptex_- or
laggard. A considerable amount of knowledge and quite a number of generaliza-
tions concerning these aspects have accumulated (Rogers and Shoemaker 1971).

This concentration on diffusion is no accident. As soon as an innovation enters
the stage of diffusion, a certain kind of event, the z_;tdt.)ption, becomes recurrent
throughout the system and by that amenable to stansncal‘ treatment. Th‘c stages
lying before are, taken case by case, at least seemingly unique. The creativity of
individuals and small groups in highly particular settings are involved. After-
wards it is hard to interpret in causal terms why things happened as they did.
And it is still harder to foresee ahead in time what is going to happen afterwards
as all forecasters of technical and social change know so well. Inventions and
primary innovations are not within reach of statistical investigations until again
a reasonably large number of sufficiently similar case-studies have been assembled
and then only if data are so standardized that useful classifications become
possible,

For a more full and coherent understanding of the place of innovation in the
development of human soclety it seems now essential to try to see the whole
process under one perspective, It is important to begin to understand innovation
and change in general terms not only for scientific reasons but also for practical
and political ones. In large areas of the world there is far too little of constructive
change for life to be endurable. And in the most industrialized countries we seem
t0 need a slowdown or at least 2 more selective guidance. We need to know
more about what circumstances convert inventions step by step into innovations
which then. start to diffuse. And we need to know more about how one inno-
:;]t.non §¥f1ts diffusion opens the way for other innovations. This can only be
siml?',fe' G: we fl_rst of all try 1o close the gap between detailed story-telling and
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true that rejection of an innovation might be only a mental process. But adoption
is not. Events have to be set in motion in some orderly fashion. Conflicting
events may have to be counteracted. Institutions may have to be organized in
order to shield the innovation from an eroding environment. In other words,
innovations must get some sort of real shape in the real world before one can
say that they have become adopted. In order to understand what that means we
will have to take our investigations much closer to things and events than we
have normally been doing.

ELEMENTS OF A SOCIO-TECHNICAL ECOLOGY

IT 1s TEMPTING TO COMPARE AN INNOVATION which enters a socio-technical
system with a new species which enters a biological ecosystem. The latter requires
a “niche” in order to establish itself and survive over time. The occupation or
carving out of a niche may well entail destruction of other, less competitive spe-
cies. Correspondingly, an innovation needs a “slot” (Frybourg 1973) to go into.
Again a slot could be conceived of as some unexploited opportunity or it may
only come about at the expense of some pre-existing thing and procedure which
is forced to dissappear. The horse pushed out the bullods from its place before the
waggon, eventually to become replaced by the internal combustion engine. But
that is not the full story. The whole choreography of moving by vehicle under-
went drastic changes by each innovation. People and things became hooked up
in new configurations. Space and time became utilized in new patterns. So for
example, at the second step oil-fields took over from pasture-land the task of
providing energy. A change of this sort indicates that the occupation of one slot
sometimes leads to the creation of a new one (here the pasture-land), free for
use in the next round.

The concept of a “slot” as a pre-requisite for an innovation takes us beyond
summary measures expressed as simple frequences or as prices and profits rende-
red in monetary units. It requires us to develop a socio-technical ecology, formu-
lated in real terms. We must be able to state how innovations bind up people and
things, information and energy in specific spatial and temporal configurations.
It may be argued that this is what one is often trying to do in historical and
anthropological case-studies. This is certainly true, but what is still missing is a
set of concepts, applicable to every conceivable case and powerful enough to
reveal many-sided interactions and to admit deductive conclusions beyond what
is immediately observable. We need methods for describing and analyzing
situations in more fundamental ways than we have so far been able to do. Of
particular importance is that we can move freely up and down between micro-
and macrosituations since we know well that important connexions exist between
these two levels, connexions of a kind which get washed out from the picture
as soon as we apply conventional statistical aggregation of data.

At the present moment there is no generally accepted.language, complete
enough to deal with the complex task of developing a socio-technical ecology.
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But I believe that one can pick up elements _fro_m var_ious fieId§ of _resegrch and

7 hese together in a fashion which indicates in Wha.F direction it would
lt)r} ftO Pbulfe tw roceed. As I see the problem it should be defined as a search for
inipre;.srled Wayf*of describing in general terms complex activities llo(;:a:ed Ln thm{r
“natural” (= historically given) settings. Let us see how one could go about to

create a general language of situations. :

Every actor who wants to reach some goa] in the near or more fﬂlstzmt futulre
must arrange a set of events to happen in suitable order. For this purpose he
must have access to needed resources — be they other people, tools, materials,
premises, or pieces of information — at the right moments and at the right
locations. Let us agree to call the whole sequence of events leading up to a goal
a project. Defined in this way a project can be of any scale, from preparing a
meal over building a house up to sending a rocket to the moon. Assume now that
we want to describe a project in more precise ways than we can do by mere
verbal explication. A first method would be to use monetary costs and benefits
as a wholesale descriptor. A second possibility would be to state the physical
magnitude of all elements going in to and out from the project, that is to say to
describe its aggregated nput-output structure. A third picture would come out
if we projected the traces of the project on a map, thereby emphasizing space-use
and movements. A forth kind of representation, finally, would be to produce a
time-table for the steps to be taken from beginning to end, approximately in the
way one is doing it in network planning.

All methods of description just mentioned bring out various dimensions of
one and the same process. But they also have in common a very serious short-
coming. They do not clearly demonstrate how real-world magnitudes in one
dimension are functionally related to other magnitudes in other dimensions. And

rl‘wrefore one cannot easily see or calculate how a change in one dimension nesse-
citates adjustments in the other ones,

The central problem to solve is to overcome the conceptual split between our
tra.d}nopal descriptive dimensions. What is suggested here js to start with the
unification of th.e space- and time-dimensions the map and the time-table —
and make them into one single space-time entity. This first step gives us a four-
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kinds of elementary operations stand out as quite fundamental: decomposition,
moulding and composition. The first operation means that fractions are cut out
from some set of input or raw material. The second operation gives materials
suitable shape. The third operation brings pieces together to form a new constel-
lation. Equipment, predominantly containers and tools, is as a rule a necessary
ingredient in all kinds of operations. Just to demonstrate, we may think of
simple things like cutting a slice of bread from a loaf and taking a pat of butter
(decomposition) in order to make a sandwich (composition). We may think of
pressing a piece of iron into a nail (moulding). Or we may think of more space-
demanding operations like harvesting a fodder crop (decomposition) and making
it into ensilage by adding chemicals (composition). It exists an endless collection
of specific instances to observe. Every time, however, we will note that three
conditions must be fullfilled if an operation is to take place. Even the simplest
operation — material and equipment included — consumes some space and some
time. Movement is also an inevitable ingredient. Even highly intellectual under-
takings, like writing a poem or playing a piece of music, show these basic charac-
teristics. They need also space and time and require movement.

Thus, for operations to be carried out smoothly and undisturbed, access to
sufficiently large space-time regions, sufficiently shielded from the surrounding,
is a first necessary condition. Secondly, actors, materials and equipment must also
be within handy reach. They must be able to form activity bundles in a tangible
physical sence. Such a region which is suitably furnished for a specific set of
activities may be said to form a pocket of local order or a pocket of operations.
By the first term we refer to the fact that the right kinds and amounts of resour-
ces must be concentrated in a small region of space-time before operations can
start at all. The order is given by nature (history) or has to be arranged. The
second term stresses activities per se in the same region.

Researchers who are interested in pursuing work studies must pay close atten-
tion to elementary operations in all their manyfold variations. When the aim
as here is to give conceptual structure to such a vast field as a socio-technical
ecology it would be an overwhelming task to deal with individual operations
more than occasionally. One must of course be able to go down to details when
required, but — since it is important not to lose contact with wider issues — one
must also have stepping-stones for aggregation and simplification.

PockEeTs OF OPERATIONS. Let us now look away from the details of operations
and instead as our leading basic concept choose the pockets of operations in which
they are contained. When doing this we must first define the space-time volumes
which represent such pockets. This is to a certain extent an arbitrary affair just
as all kinds of regionalizations. The principles to be applied will have to depend
upon the nature of the empirical question at hand. For the moment we simply
assume that we have managed to carry out our delimitation in correspondence
with the level of generalization needed for a particular study. We need then
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ing of the sheaves into shocks for drying. In its finest practical details this operation
amounts to the transport of each individual sheave over a short distance. But in
this context we prefer to remain at the next scale interval and interpret the
procedure as the production (composition) of shocks. If so the “vertical” input
to the pocket (in other words pre-existing on the spot) is made up of the scattered
sheaves and the “vertical” output (in other words left afterwards on the spot) of
the finished shock. The horizontal input and output are two workmen who have
to move up to the spot before work begins and leave it for the next when it is
ended. The box represents the pocket of the single operation. It has a width
corresponding to the area which is needed for providing sheaves for one shods
and a height corresponding to the time it takes for two men to do the job.
Clearly, going over a whole field amounts to a repetition of the same kind of
operation until all sheaves have been collected. If we need to aggregate a step
further we may say that the whole cluster of repeated operations takes place at
the same station which in this case is the field.

The subsequent operations are assumed to take place a few days later. They
include loading out in the field, transportation home to the farm, storing in the
barn and movement back to the field for the next load. This elementary round
of course also has to be repeated until the field is empty.

Clearly, the whole sequence of operations taken together is part of one single
project as defined before, that of producing a certain amount of corn. In order
to make an exhaustive description we would have to follow events over the
whole farming year. But here we are not in the first place interested in the subject
matter per se but in certain principles and so the sub-project we have before us
in figure 2 must suffice.

time

shock

,2men

e T

sheaves

T space
—

Figure 2. Symbolic representation of a series of farming operations at the end of harvest.
I. Assembling of a number of scattered sheaves into one shodk, a work carried out by two men
without equipment. The basic operation has to be repeated until the whole field is worked over
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binations are possible as long as the basic logical order is maintained. In our
present case the smallest common denominator is the material which has to be
processed. Operations I and IT b are also bound to take place in the same piece of
space (the corn-field). What the other inputs and outputs are concerned there
exists degrees of freedom, at least as long as we view the matter apart from the
circumstances of a given situation. On a farm conditions make it most likely
that the identical entities, be they people or equipment, take part in the various
phases of a project from beginning to end. Modern industry, on the other hand,
has used available degrees of freedom to0 a very large extent for taking advantage
of specialization among humans and equipments. Whatever the case may be some
strong constraints are always present acting upon how input-output entities can
become engaged in a successive series of pockets of operations. Among constraints
we will concentrate attention to those which are most closely related to the think-
ing in space-time terms.

Let us for the sake of simplification make a distinction between only four
kinds of elements:

1. individuals e
: : indivisibles
2. units of equipment
32 7, material po
. energy, materials } divisibles

information

Of prime importance are the human beings themselves. Nevertheless we must
leave out from the discussion important matters such as problems related to man
as a creator of projects and organizer of environments. Only certain consequences
of his biophysical existence will be noted.

Since the human being is indivisible, his consecutive locations in space-time
forms an unbroken trajectory or a life-line. A whole human population which
continuously regroups itself into cooperating clusters of variable size comes out
as a web of intertwinned life-lines with the specification that every line, like a
textile fiber, retains its identity from the beginning (the point of birth) to the
end (the point of death). The indivisibility imposes strong limitations on how
people can allocate themselves between activities, places and times as life pro-
ceeds. The physiological needs of each individual person regulates also quite
strongly the purpose and timing of many of those events which were earlier
classified as decomposition, moulding, composition, storage and transport of
both living and non-living entities. But naturally there is also a great number
of other determinants at work. All in all the web of human life-lines is inseparab-
ly coupled to all the other inputs and outputs of things, information and energy
to and from pockets of operations.

It is further important to keep in mind that many other flow elements are
made up of indivisible quanta with limited time of existence. Together also these
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Energy and shape-less materials (air, water, sand, graip) behave differently,
at least when seen within the scale limits we are considering here. They can all
be divided and united into almost arbitrarily varied quantiues. But still, a point
to observe is that the quantities available as inputs to any chosen pocket of
operation is as well entirely place- und time-dependent. One cannot suddenly
bring in a wanted quantity just from empty space. What actually is available is
completely determined by how transportation and storage have come to distribute
potential inputs beforehand up to the critical moment when a need is felt in some
pocket of operation.

INFORMATION As AN INPUT-OUTPUT QUANTITY is a more complicated matter
to deal with in space-time terms because it exists very few investigations with
results that can be applied to the way of thinking advocated here. Only a few
gfm'eral_ comments are possible. First of all it seems reasonable in this context to
dmdle information into two types. One type is made up of technical know-how,
}tlhat is to say knowl.edge of how operations are carried out in principle and of
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After these short comments on the nature of flows we are ready to go back
to where we started, to the concept of a project. Considered as a pure plan of
action a project can be designed or analysed quite apart from a real space-time
situation. But it cannot be carried through in practice unless actual inputs and
pockets of operations can be made available in acceptable (not necessarily the
most wanted) locations and sequences and within the time-limits which perhaps
are enforced by superior projects or by natural conditions. In farming the seasons
are a source of such deadlines, to remind of an important case.

What interests us here is not in the first place the design of more or less efficient
plans for projects. Just in passing shall only be noted that the formation of a
hypothetical plan is probably a critical part of the mental adoption of an inno-
vation. But the central problem to tackle in our context belongs to the next step:
what conditions circumscribe the actual implementation of a project?

THE SPACI-TIME AQUARIUM. At this point it is first of all in order to remind of
the fact that space and time are not only formal dimensions which help us to
represent the location of events in a symbolic language. The concepts represent
also very real resources and as such at least in some respects strictly limited ones.
A given region of space has a limited capacity to accomodate pockets of opera-
tions with the concomitant storage and transport requirements of inputs and
outputs. Time as a purely physical dimension might well be considered infinite.
But in the present context this is irrelevant. A human life-time is a limited and
unique experience. The number of activities an individual can get involved in
per unit of time is limited. A population is made up of a certain number of indi-
viduals. Therefore also a whole population has a limited capacity for varied
action. In the shorter perspective of the day, week and year it is of most interest
to note that the individual can on the whole engage himself in only one pocket
of operations at a time. In addition his low mobility makes the field of action
around the base-point rather limited. Similar constraints are valid for other indi-
visible items. Seen together the limited holding capacity of space and time gives
rize to rather severe constraints on the freedom to fit in parts of projects. When
the space and time limitations work in unification they give rise to a kind of
competition between projects which has a much more complex nature than one
tends to believe when one is only looking at input-output relations between
pockets of operations in unlocalized quantity terms. We have before us a budge-
ting process which requires not only an allocation of amounts of resources to
various purposes. Hidden behind this purely quantitative problem lies the budge-
ting of sequentially and spatially ordered patterns of pockets of operations over
inert entities imprisoned in a space-time vessel (figure 3).

It has been suggested to call our model “the space-time aquarium”. This is in
fact a suggestive way of describing the viewpoint which is advocated.

This is not the place for a lengthy discussion of the aquarium model in all its
consequences. Nevertheless, a selected number of issues must be treated in some




—

TORSTEN HAGERSTRAND
28

space

Figure 3. The space-time “aquarium” in which entities generate trajectories, moving laimd
inside and between stations, The graph extracts the space-time behaviour of three individuals
over a certain period, for example a day.

detail before we are ready to draw conclusions concerning the possible appli-
cation to innovation research. A basic consideration is the behavioral consequences
of the indivisibility of the individual. Let us first view the matter in the daily
perspective which helps us to focus upon certain critical details (figure 4).

When a person has entered a pocket of operations for taking part in what is
going on there we may say that he is occupied by a task. We define a task so that
it can be made up of a series of repeated operations as long as they take place
at the same station. A task has space-time location and duration. Selfevidently
an individual cannot engage in two tasks, separated in space, unless the end of
one and the beginning of the next are enough separated in time so that movement

between the two locations are permitted. To overcome separation in space always
mnvolves spending of time. A further '
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time

>
space

Figure 4. Some fundamental constraints determining the possible trajectories of indivisible
entities, for example human individuals. Given 1. a base-point (say the dwelling) which the
individual cannot leave before a certain time and which he has to return to before a certain
later time; 2. a maximum speed by which he can move out from the base-point and back again.
These conditions determine the outer limits of the space-time “prism” available for visits. If
we now assume that a,b,c and d represent tasks which have a predetermined location and
duration then the individual will not be free to participate in arbitrary combinations although
the tasks all start inside the prism. a must be excluded because of its duration. If b is chosen,
c and d get beyond reach. If ¢ is chosen, b gets beyond reach. c and d can be combined. Ob-
viously, only d can be chosen whereby both b and ¢ given up. Clearly, the choices finally made
affect the trajectories of other entities sharing the same space-time region.

on the grouping of individuals who can cooperate directly fundamentally
remain of a similar nature.

The indivisibility has not only consequences for how a selected individual can
order the sequence of his own tasks. Much human activity concerns direct per-
sonal communication between individuals who are not freely interchangeable
because of special competence or earlier commitments. So, as soon as somebody
has disappeared into a task of a certain duration he will not be available as a
resource for other people until the task is performed. Those who want to see him
and have no substitute have to wait. It is safe to say that no social organization
is possible without that sort of waiting times and tensions caused by them. This,
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other things, makes central decision-making in big organizations so
among 8%

roblematic. A s o .
. It is clear that indivisible, non-living entities in a formal sense form a space-

time network with similar constraints at wox:k. A tool,_ for example, can Onll,v
have one task at a time. How v.videly used it can b(.e in space d?p?nds‘ on its
degree of mobility. Things belonging to the soc1o—techm§al system o course have
to travel in company with human beings or at least in carriers under human
guidance, if they are at all mobile. If tl?ey are not they_ may bind up human
paths quite severely in a wide surrour_ldmg. 'I"hus the_re is by necessity a very
strong coupling between people and things. This coupling is full of problcn;si It
is sufficient to point to the role played by'p-erlmd}mty in the two realms. Living
beings must engage in life-supporting activities in suitable environments with
almost rythmical regularity. Fabricated items have in most cases no similar
demands. But it is clear that production processes for quite other reasons impose
periodicity and dead-lines of a different kind. Some of the troubles we have with
modern technology undoubtedly go back to tensions between the efficient timing
of events when machines are involved and the timing which is felt as convenient
for a human operator. Shift-work is a case which comes to mind.

ACCOMODATION OF PROJECTS. INNovATIONS. At this point we have enough of
basic concepts and general ideas ready for a more detailed g3dumion of the
accomodation of whole projects under the limitations following indivisibility
fmd the nature of the closed space-time vessel. Ideally we would first need to
identify the whole universe of entities from which competing projects are going to
engross time and room. If, for example, we are interested in activities on a farm
we oﬂ_ght to make a complete list of all individuals, animals, pieces of equipment,
Eatdenalsf fields, road§ and shelters which the farmer has at his disposal within
i e i g b e o 0  he vrious ks nclded
G e ek ocated inside the farm or if extra in puts had
. For the purpose at hang we must be |
nputs which are defined by operatio
Project. Further, in order 1o get 2 mo
the full aquarium model affords we

ess ambitious and consider only those
ns to be hooked together in the selected
re tractable graphical representation than
between points in space ran o permit ourselves to transform movement
% s Pace into time-yse mposed upo h : Rl Eiial
simplification js o L : Pon the moving entity. A fina

Up space, in the meaning of room, into such “quanta”

which are of ¢t
ual concern fo : ;
accomodation of A r the project. We loose certain aspects of the

i i]] S 3 . * .
bouring pockets of Operat?ogsce (p art’culad}’ possible conflicts between neigh-
15 concerned, : Ut We gain in clarity what the timing of events

Figure 545 2 visoalie. -
$ 2 visualization simplif: ;
; simplifie ; :
the harvesting Aroject s, i d as just suggested, of a feasible solution to

discussed
how the varjoys tasks defined | oo Ve get a rather full synoptic view of
< Y Operations come to give tasks to resources as
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Figure 5. A possible score of the harvesting project described in figure 2. Here, in order to get
a firmer grasp of the budgeting aspects, space has been cut up into functional “quanta” and the
movement of entities berween points in space has been transformed into time-use. The bars mark
when the various entities are involved in tasks (= series of operations) belonging to the project
under investigation. Thereby is also shown when they are free to enter into tasks belonging to
other projects, transportation to and from these other tasks included. Shadings mark when
spaces are involved in the project. I. Assembling sheaves into shocks. II. Loading, transporting
and storing sheaves. Between I and II lies the drying period.

time proceeds. For convenience it is suggested to call this kind of representation
the score of a project. On the left side we find the actors, their equipment and the
material acted upon. On the right side are the special space-quanta needed and
in addition the unspecified parts of the “rest of the farm” where actors and
equipment are to be found when they do not appear in the project. The various
bars and shadings placed over entities and spaces represent the duration and

L
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e of tasks as the project proceeds. Minor details such as

have been omitted. v . |
The purpose of this form of representation is to underline the interaction bet-

ween tasks alloted to various actors, items and spaces. The point is that the
| sequential requirements of projects create very S.pccm] packing d.wlllcultics,
Simple arithmetics will not do when one is trying in advance to estimate if a
new project can be added to those. already present. Normally no project can
proceed without leaving time-openings unused either among actors, items or
spaces. But if these openings can be used or not for some other project with its
own special structure entirely depends on the total pattern of tasks in terms of
order and duration of that new project.

In reality, of course, there is always flexibility, but again only within limits,
So, for example, it is easy to see that in the case given in figure 5 sets of opera-

time-loc
breaks for meals

time
A

iy
|

"space quanta”

: &
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Men B s ; e ——
emiur:f- corn : field roads barn rest of
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Figure 6. The score of the harvesting

: project i . : :
0% course again aff 15 case the txme~gpeign ’sczmed out by a slightly different technique for
N attect the ways i which otg etween tasks become more complicated which

er tIJI’OJects can be allocated among entities and

ae scores given in figures 5 and 6 should be
s entirely correct empirial descriptions. Such

in a sufficicntly exhaustive way.

ully 2 iri
seen on| S
¥ as demonstrations of princi;ﬁezml:} i
escripti 1 Bk
pions largely remain to be maée
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tions can be divided and pushed forward in time. But one cannot rearrange the
sequential order between them.

Let us now assume that the farmer learns that his corn would reach a higher
quality if he employed a slightly different method of drying. The score of the
harvesting project in its new shape is represented in figure 6. We omit a full
description of the separate operations. A first observation is that a larger input
of resources would be needed. A second difference is found in the new space-time
pattern of operations: there are in all more operations to perform in the sequence
and a somewhat more complicated pattern of time-windows.

The two cases give us now an opportunity to discuss in some detail the con-
cept of a slot for an innovation. Assume that the first, more simple case, represents
just one sample project in a larger system of projects on the farm which taken
together have found a convenient equilibrium. (An equilibrium would be a situa-
tion in which the total budget-space in terms of entities, time and room is filled
out is such a fashion that there is little tension between projects and no obvious gain
to make by reshuffling them as long as the recipes for doing things are left unchan-
ged.) If this assumption holds then an alteration of the procedure applied to one
project means that other projects will have to be affected. Adjustments must be
made in the total allocation of tasks. If case 2 is adopted instead of a pre-existing
case 1, both more workmen, equipment, material and shelter have to be mobili-
zed. With the information given concerning the two cases we cannot know if this
means that people must be hired from the outside (and if this is at all possible)
and new investments made or if it would be enough to carry out some internal
reorganization of the use of existing resources. But we can safely conclude that
the allocation of other projects will become affected either inside or outside
the farm or both. The adoption of case 2 as an innovation would meet a fric-
tional resistance because of the situation quite apart from the farmer’s mental
attitude to a change.

If, on the other hand, we had taken the reversed situation as our starting point,
that is to say assumed case 2 to represent the initial situation and case 1 the inno-
vation, then our conclusion would have been somewhat different. Case 1 needs
the smaller amount of resources. A clear slot exists in the sense that the project
can be put in place without changes in the allocation of surrounding projects.
This, however, does not mean that a resource-saving innovation can go in without
internal or external economic problems. One possibility is that redundant resour-
ces become free for new use. A secondary slot is created by these resources in
which other projects could expand if they can take on the suitable shape. But it
is equally possible that no such solution can be found and that redundancy

remains.

CONCLUSION

OUR EXAMPLES SHOW THAT IT IS DIFFICULT TO UNDERSTAND the pre-requisites
¢ innovation unless one is able to build up a much

and consequences of a specifi _ .
| situation than isolated cases of the above kind

more global picture of the tota
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One needs to know the full score at work in a unit of adoption,
: : g
.+ a rather long period of time — for farming a year and preferably more
g2 2 . . . . .1 .
c}(])vertn" at least in its major outline. This is a goal which requires a large
than so —

amount of empirical work. How could thathbe don.e? e

In historical investigations it is clearly 1mpossflg to frcs;tore t[? nu‘ _\gf,ml'c ?{
all projects contained in any named organization, be it a farm, 1[ Vi ﬂi.-.L, ‘Rr tI,L Foi?
or an institution, unless somebody happens to come across qui c:lm; ‘q%u .L‘Lurf s.
It is still more improbable that one'co_uld find data covering a whole t_.nnmfumty
of interacting organizations. But it is probably not IICCC‘SSC.U'}’. to aim at that
degree of precision in order to proceed further along the lines suggested here.
It would be enough illuminating if we were able to construct models of types of
cases, representative of their kind, time and area. .If we only k.ncw the building-
blocks people had to handle at the level Qf operations and projects we would be

- able to play around with these in combmatlox_] in our aquarium. The problem

| of fitting things together under known constraints would help us to understand
what kind of conflicts people used to meet in their every-day world, why they
reacted as they did and why certain types of innovations initiated long trains
of change.

In order to put us in this position we would have to appreciate that every
artifact left over in a museum or described in records embodies a kind of choreo-
graphy. It was once produced and used (if only stored) in some systematic
fashion by human beings. Thus it carved out some share from the limited supply
of fibers and spaces in the fabric of its period and place. Even immaterial unter-
takings in social life, arts and religion laid claim on resources in the shape of
localized chains of behaviour. To each case corresponded a score.

As 2 research undertaking it would not be an impossible task to reconstruct
the scores of projects long by-gone. If records and narratives fail one could rely
on present-day experiments, something which has already been tried. But in order
to be useful in a T.deer context, in order to be truly additive, the partial studies
must be rendered in 2 conceptual language which includes all fundamental budget

dimensions d i i :
mensions dlscusseE{ earlier and pay close attention to the proper rendering of
sequences and magnitudes, |

can provide.
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