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Summary

Once one recognizes that the purpose of data is to inform people, it becomes dear
that information is knowledge, while data are just signs. It follows that to design
systems for information support to people involves not only computer technology
but also knowledge of the people involved as well as the work to be supported.
Thus the major design aspect turns oul to be managerial and infological. The
data must be designed for the frame-of-reference of the wsers, not only for their
Job (or for the computer). Thus, the same data can not be intelligible to all people
and centralized data standard (and IRM) is not a workable prospect. The solu-
tion, instead, is a managerial one: Decentralization to allow people to use data
cast in their local work language. Only a part of the corporate data need to be
shareable among several local units and carry the burden of central standard.
Through designing information and management processes in accordance with
these insights, more effective organizations may be developed.

A list of desivable further research items associated with the theme of the paper is
presented,

Theory of Information Systems

The theory of Information systems (B. Langefors 1963, 1966) emphasiz-
ed the main function of an information system o be the providing of the
information in the system 1o everybody — who could make legitmate use
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of it, nota bene. At the same time, the theory pointed to two distinet
kinds of hmiting factors: The “executively effective simplification” (an
information-economic principle) and the “infological equation” All three
aspects are associated with decision-making but also with manage-
ment, more generally. Thus informaton systems theory and theories
of management are integrated in a very fundamental way.

Executively Effective Information

The theory of executively effective simplification (1966, 1967} demon:
strates that it may be wrong to involve some information in a decision
even when it is pertinent, in some rationalistic sense. This may cost
more than it pays but it may even reduce the quality of the decision,
e.g. by delaying it

Directive informalion

“To support the decision may then be effective instead”™ The observa:
tions behind the infological equation clarify that some of the informa-
tion that is “ebjectively relevant” 1o a decision, or to an act, may not be
“subjectively relevant” 1o the decision-maker and hence useless to him.

External and Internal Propaorties

The three aspects provide theoretical insights, not only into how 1o
spucif'}r and design information systems but, likewise, how to organize
and manage. And the two acuvities must go together. However, the
design conclusions to be derived, based on those three aspects, will
have o be combined with a fourth aspect offered by analytical systems
theory, that of external uvs. internal properties of systems and subsystems.

External properties are those properties of a systemn — or any of its sub-
systems — as a whole, properties that we chose to be interested in. The
internal properties are properties of the parts of the system and the
mterrelations among those parts. The importance of the internal pro-
perties lie mainly in the external properties that they give rise to. A
system may be seen as a structure of subsystems such that the external
properties of the whole system will derive from the external properties
of the subsystems, that constitute the subsystems’ structure. Thus, [rom
the perspective of the whole system, it is only the external propertics
of the major subsystems that need be considered. Two subsystems with
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equal external properties are equivalent, regardless of differences
among their internal properties. An important consequence is that
[rom the poim-ol‘-view ol the whole, one may leave it to each manager
or designer of a subsystem to chose the internal structure and properti-
es as he finds best, as long as the cxternal properties are as l-cqucsu:d.
(On a deeper analysis one will find that the concept of external pro-
perties is just one view of the concept ol abstraction, so basic to mathe-
matics and much other scientific thinking).

1) The theory of executively effective simplification demonstrates that
in non-formalized decision situations it is “executively optimum” o
employ “satisficing behavior” (in Simon’s sense) (1966, 1967).

2) The theory also demonstrated that directive in formation will appear
in distinct levels with slower variation in levels correspond-
ing to higher management levels. This is analoguous to the levels
described by Anthony though it is not restricted to just three levels.
(1966, 1967).

Information Systems

Information and Dala

There 15 a lot of confusion, sull woday, about the relatonship between
information and data. Sometimes 1t s said that data are used as a
means to convey information and sometimes that “information is data
organized so as to be intelligible 1o people™ However, there seems to
be general agreement that “to get information” is to “get informed™.
To become informed is to get to know something. Hence information
is knowledge. Data, all data, are intended as means for mforming, thus,
as knowledge representation. Clearly, if data are to be designed so as
to inform, the product of such informing must be ideniifiable and
evaluated. Thus, the study of this product is fundamental 1o data

design.

Information Systems Provide Information

By now, we are in a position to propose that information systems that
providc information to people {or to its object system, whatever kind it
is) that is, they are systems that inform Imﬂple. Data systems, then, are
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subsystems of information systems. While the study of data systems
design may concentrate on technical questions about handling and
processing data, by manual or computer processes, the study of infor-
mation systems must, in additon, study how people (and any object
system) may get informed by data, that is, how they may interprete
data, but must also consider how the needs or potential usages of infor-
mation may be identified. This, clearly, means that it becomes neces-
sary to study also the object system, the organization, its structure, its
processes and its people. -

Compulers make New Kinds of Organizations Possible

When computers began to appear, many people recognized that possi-
bilities would arise to much more than before satisty the needs for
information that their organizations had. But, even if this was regarded
by some as too optimistic a view, one could, in fact, point to a much
braver outlook. Not only might computers satisfy more of the known
needs, they would also, possibly, allow the creation of new kinds of
organizations and management, with new and much greater needs for
information support. Thus computers would challenge the innovative-
ness of managers and management researchers. Furthermore, IS-
theorists would seem to be potentially new companions in the develop-
ment of management of the future. (This early concept of information
systems is closely related to present-day ideas of the “information
society”.)

Information out of Data

The Infological Equation

Once it has become clarified that data are just signs used 1o provide
knowledge, that is, information, the fundamental question emerges:
How can data provide knowledge? What is required in order that cer-
tain data convey specific information? Obviously a process is required
that takes the data as one of its inputs. We refer to this process as the
“information process” or the “interpretation process” i It is equally
obvious that the informartion user, or the process i must have
knowledge of the meaning of the words used to form the data as well
as of the formation rules by which data terms (or “data items”) are
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combined into sentences that may carry meaning. Thus, pre-know-
ledge ,S, of the language on which the data are formed, is a necessity.
Furthermore, in order 1o make use of the information, the user must
have some pre-knowledge of the relevant part of reality. This must be
part of §, the pre-knowledge and frame of reference. It is also clear that
the process (i) takes time. If the time (1) is limited, the amount of infor-
mation must be restricted accordingly and so must the amount of data.

We may condense the above conclusions into a “conceptual equation”,
the “inlblogical equation”

[=1(D,5,1)

I =the information conveyed

i =the information process (or interpretation process)

D = the data (or any perceived configuration)

§ =the preknowledge or frame reference of the information receiver
t =the time required or available for the process.

Because 1is a piece of knowledge, it will become added 10 8 so that
after the process i we have S + L. For instance, if the subject would per-
ceive the same data D a second time, he will obtain the information 1=
i(D,S + L. Further t = T (D,5), that is the time required, depends on the
data to be interpreted as well as on the pre-knowledge of the receiver.,

Insights from the Infological Equation

Although the infological equation is an extremely simplp compilation
of some rather obvious conclusions, it brings out a number of very
important facts. For our purposes, the most important of these may be
the insight that to design data so that they inform the intended users
appropriately, it is necessary to have knowledge of §, the pre-
knowledge/frame-of reference of the user. This implies:

To design data so that they inform

a. is an extremely problematic undertaking

b. is independent of computer technology

¢. as long as no method for documenting the “5” of individuals is

known, the participation of the users in designing the data is neces-
sary.
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The infological equation, when understood in depth, is a very power-
ful, conceptual device. Already fairly brief reflection about it raises
many of the deep questions that philosophy and human science has
presented in lengthy texts.

The symbol D in the infological equation refers to whatever sign-
configurations may be presented to the interpreting subject, or to the
process i. Thus any language text, spoken as well as writen, is a kind of
data in our theory. It follows that just as informing by “data” is proble-
matic, and SLllljeclive. SO 18 any language communication. Little reflec-
tion suffices in order to clarify that it is not the intention of informing,
behind the data, that is crucial here. It is, rather, the actof interpreting
the observed darta that leads 1o the sitnation illustrated by the infologi-
cal equation. Hence, any observation of phcnomcna instantiates the
equation and the phenomena appear as instances of data, D i the
equation.

It follows, thus, from the infological equation, that all our acquisition
ol knowledge, be it from (formal} data, from language texis or from
observations of reality, will be totally dependent of our (individual) pre-
knowledge. This is very close to the central propositions of modern
hermeneutics and paradigm dependency theses (Th. Kuhnl: A person's
conception of (his) reality depends on his pre-knowledge, or his set of
lléil"lldigl'ﬂs. S. However, direct sensations {e.g. the ﬁngcr is burnt) are
independent of S and this suggests a way to evaluate paradigms.

Design of Data for Specific information and People

The infological equation makes it clear that to design data D so as 10
represent the required information I, one must know both Iand the S
and t available to the users:

D=d(LS,t}if Tand S are compatible;
where d is the data design process.

Thus, distinct users, having the frames-of-reference 5 and S, respect-
ively, will require distinct data D and D, respectively. However, it may
also be the case that the intended I is incompatible with the S of some
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uscr. Then no data D are feasible to convey the message I to such a
subject. Then, however, it may or may not be feasible to provide a
larger amount of supplementary data that may extend the knowledge
of the user sufficiently. If A is the supp]r&r\:'n':m;n"],r knowledge, such that
5+ A is sufficient, while S is not, for a certain person, then if D is a set
of data such that A=i(D, §, t) then

T=i1(D+D,S,t+t,)

We note that more time is then necessary for the interpretation.
This, of course, means losses in efficiency.

People’s Primary and Non-primary Language

It also follows from the infological equation that no two persons may
be expected to obtain the same information from some data. The best
we can hope for is a satisficing degree of geuing information. This may
correspond to a situation where:

A. People use primarily the same terms for approximately similar
conceptions [rom their observational pre-knowledge associated
with the message to receive.

“Primarily” here implies that the terms used (in the data) are those that
the subject would naturally choose. This condition will most likely be
fulfilled among people working together as a group, when the fact in-
formed on1s concerned with everyday work phenomena.

The second best might be obtained when

B. People know the terms used, while these would not be their pri-
I'I'l?ll'}' Lerms {Ur [h[f {:UI'ICEPT.-

One might think that the situation B would be equally satisficing.
However, the association to the concept may be delayed when a
secondary term, rather than a primary, is employed. Furthermore, to
the secondary term may be associated a slightly distinct conception.
These suspicions seem to be amply confirmed by research on
efliciency losses when people have to employ a non-primary language,
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even when they speak the secondary language fluently. For instance,
they may need 30% more time for communication {and may loose
100% if the communication is not slowed down) (Dornic 1979). The con-
dition B may be expected when people have been taught the language
extensively or have par‘ticipated in the work group fo a length of time.
The third situation may be when:

C. People don't know the language employed for the data (the terms
or the concepts).
The “data profession™ seems to ignore the problem of B and seem to
believe that there are working, technical solutions to C, in terms of, for
instance, data directionaries. We shall argue that those means are

generally very poor solutions.

It should be noted that to get the information, that is, get to know
what fact was observed, only require-that a small part of § must be
compatible with the observation of the fact and the reporting of it. To
make use of the information, once received, requires further pre-
lumw]edge. The latter, however, should be distinct for distinct users of
the same information because they are to draw distinct conclusions
from the same fact. (Note that on this observation the mathematical
“theory of information” breaks down). We have thus noted that o
receive information, a subject needs “observational pre-knowledge” (part of
S) relevant to the observed fact and to the data employed. To make use
ol the information he needs relevant “inferential pre-knowledge” as
other part of his S.

IRM “Information resource Managemem”

Losses Incurred

The “old” IS-theory ambition to “provide data to everybody”, has in the
last few years become widely propagated among data processing
departments, under the label IRM (“Information Resource Manage-
ment’). Unfm‘tunate]y, one has f01‘g0ttcn about the restriction aspects
described already in the early 1Stheory: The information economic
aspect and the infological aspect. Indeed, even the insight that inform.

) Professor, dy, hoe,
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ation is a distinct category from data and the important consequences
for any “information resource” study, are entirely ignored in IRM.

IRM maintains that a corporate [R-manager will decide the formar of
all data in the corporation. Thus a central data standard is assumed.
One thereby ignores both the information economic and the i11f0]n)gi~
cal limitations. As a consequence, many data that for economic
reasons should only be used in one place, will become unnecessarily
standardized. More serious is that practically all data will be in a
secondary language — or in still more unfamiliar language = to most
people, because the central standard can't be in accordance with the
local language. As a consequence, the use of “IRM” will mean that the
usage of data will often imply at least the inefficiencies observed in
uses of secondary language. In many cases data usage, under IRM, will
necessitate the support of auxiliary data, such as dictionaries or help
images. This will bring costs and inefliciencies that are too often simply
ignored, whereas they may, in fact, be prohibiting to many intended
data uses.

Cost incurred by centralized data standards

. Defiming the standard data

- Defining and designing the auxiliary data D (e.g. dictionaries)
. Supplying the auxiliary data

. Maintenance of standard and auxiliary data

. Training

e —

S

Losses incurred by enforcing central data standard

A. Information losses by language difficulties

B. Delaying decisions and actions by additional interpretation time t,

C. Loss of information when the admitted time is too short for the
slowed-down interpretation

. Loss of motivation and stress

E. Loss of opportunities for creativity and innovation
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Decentralizatiun.«’Delegation, a Managerial Means
for Solving Information Difliculties

Decentralization Guided by Information Systems Theory

As we pointed out, the datalogical attempts at solving the information
prohlﬂns are very poor solutions. Instead the managerial means,
decentralization and delegation in a way which eliminates all
unneccessary data standardization, appear as very effecuve. The
design of such a structure may be guided by information systems the-
ory concepts such as information economy (executively effective
:;implilic'al_ion, directive information structuring) and the infological
equation (language aspects of data and of organizations) and sytem-
analytic concepts such as external/internal properties of subsysiems.
Thus, information systems theory provides a new explanation of why
many decentralization projects have been extremely succesful. It also
brings in new factors of decentralization eftfectiveness and provides
guidelines for how to design decentralization.

From the systems theory and information economy it follows that it is
eflicient to let the decisions on the internal acivities in a local body be
handled internally. The coordination with the other paris of the orga-
nization may be guided by small amounts of directive (and reportive)
information. The local data may then be kept locally. From the infolo-
gical equation it then follows that the local-internal data (which may be
the major part) can be formulated in the local language. This will elimi-
nate most ol the costs and information lesses of data standardization.
Thus decentralization and delegation of authority of decision-making
to local bodies, is a possible solution — the only one — to the problem
incurred by data standardization.

Local Language are Efficient

There is an additional advantage in being allowed to use one's own,
local working language, over one's familiarity with it. The local
language is likely to be much more efficient. As an extreme example
consider the advantage of being permitted, in local communication, to
say just “Paul”, instcad of stating full name + address plus something
more —or having to use national civic numbers.
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Efficient Company Information Structure

The development of company information systems that is to be expect-
ed, from the information systems theory, is one where integrated data
systems are reduced to handling corporate steering and control infor-
mation only. The operation data systems instead will be developed and
controlled locally. They will be developed much further when they
can utilize the efficient local languages. One part of the expanding
local data processing development is likely, in this light, to be in terms
of personal support systems, serving one or very few persons which
allows the use of data languages that are entirely constructed from
the primary work language of each user. Design support systems and
Decision support systems (“DSS") are t:xamples to illustrate that such
a developmentis already underways.

The major conclusion from the IStheory that we have discussed, is that
it is important both from data handling {.‘fﬁ:;itrﬂf.}r and from infningi-
cal effectiveness point ol view, to carelully structure the information
process in an organization in such a way that each data set is only trans-
ported to and modelled for those who can make economical use of
them and can r..'f'{'lr.itfnlly and correctly interprete them. Thus, as many
data as possible should be handled and wilized within local bodies
proper to them, as we have already discussed. Furthermore, such data
that must be communicated outside of a local unit, should as much as
possible be restricted to communication to just that or those other local
units that on analysis appear to be appropriate communication part-
ners. In other words, data that are not local ones should when [easible,
be restricted to “wranslocal data”™ over as lew local unuts as are appro-
priate. It should be noted that, in this respect, cenwral or other
superior management units are among the local units. Thus e.g. the
goals and the budget for one division is wranslocal information
between a local unit and central management. After such a careful
analysis, only a small part of the mlormation in an organization may
come to be delined as enterprise community information and have to
suffer all the drawbacks of central standardized daw information.

The (info-economic) concept ol directive information, which may be
renewed much more seldom than the operative mformation, has an
interesting coupling to the infological equation in that it is less sensitive
to time delays. Thus the use of wranslocal or community data is less
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harmful when they represent directive information. This is fortunate,
for directive information is basically translocal for community).

Information Support te Individuals

Many important managerial processes cannot be formalized and,
hence, cannot be handled over to a computer. Information systems
theory emphasizes, however, that information support by computer
should be possible also in such cases. In recent years this aspect has
aroused much interest. “Decision support systems”, DSS, and “expert
systems”, are terms used by distinct recent “schools™.

Vareing Degree of Permanence of Information

The theory of information systems introduced the concept of informa-
tion with some degree of permanence or slow variation, the so called
directive information. Whereas the operative information in a system,
typically, has permanent type but a new value on each occurrence (for
instance a costumer order for a certain article type), the direction infor-
mation has permanent type but semi-permanent value (e.g. optimum
order quantity). These concepts invite the definition of two more
categories: “Permanent type and permanent value” (for example physi-
cal/chemical constants) and, respectively, “changing type and value” (as
when a totally new situation is perceived). The resulting four categories
have interesting relationship to the above discussions, as illuminated
by the table. Obviously, these characteristics should be systematically
identified and exploited when structuring the information systemn — as
well as the managerial sytem.

nfon connunicaion WA jOF User Anthany
Ty /value Catrpory SCOpe CATCgOry
Fevm/ perm. encvelio universal prodessional -
I""&.‘K“‘.'
pernd sen- divecive tratnslocal Strateeic ST LTI
pero. info managerial LACHC i nager,
pevnefchanging o lescal operational operational
info
chang, fchang, acd hog strategic SUEEgIC
i.llrlil Creative H}El !'II;.I.IL'IE.:.
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Needs for Research, Theory and Empirics

Although the concepts discussed above were outlined in early infor
mation systems theory work, it is merely in the latest years that they
have been made actual by the development in practice. Therefore,
much theory development and empirical verification remains w0 be
done. It should improve the possibilities for efficient development of
management processes and information support for them.

A short list of some desirable research is presented below. The pro-
blem areas listed seem to be, all of them, associated with the meeting
place of managerial and information processes.

@ Developing of theories and empirical research on
— executively effective info structuring
= subjectively and objectively relevant information
— exterenal/internal properties and mio of organizational parts

® Clarify the additional aspects to consider when one recognizes that
information is knowledge and data are just signs employed to repre-
R . } L. L
sent informaton!

@ Theories for how one may design new organizations when informa-
tion technology advances (instead of just designing beuer info-
support 1o existing organisations).

@ The infological equation provides important insights o the
design of concrete information systems so as to take into considera-
tion the S of each user. However the theory need 1o be extended so
as to recognize also that the § of a person may suddenly change
when some “cue data” are received. Can the IS present relevant
cues? Can hermeneutics contribute to such research?

@ Empirical studies of the variations of § from one local unit to an-
other and within local units, as well as among the distinct parties
involved in translocal communication (e.g. between two levels of
management communicating over objectives, budgets, and reports).

@ Theories (and empiries) for designing data according 1o the infnlngi-
cal equation, i.e. D=d (L,5,1).

Frlvervsobonmmnsh Tulsskiate 2750 1‘1 .IJ



@ Is it realistic o expect that the same information can be conveyed
to distinct people with distinct frames-of-reference (S) by using
disunct data?

Study concrete cases!

@ Evaluate costs and disefficienies caused by enforced use of standard
data that require auxiliary data such as dictionaries to be used by the
USErs,

® Evalute losses from enforced use of an alien language!

@ Swudy differences in work procedures in distinct local units, for the
same kind of task. Study also the corresponding differences in § and
the alppm}:rieuc data support for each work pr{}cedure! '

Refereneres

Langetors, B Some Approaches wo the Theory of Information Systems. BIT 1963,

Langefors, B Towards Integration of Engineering Data Processing. In P Howerton (ed b "Vistas
in Information Handling = Augmentation of Man's Intelleor by Machine”, Spartan Books, 19635,
Langetors, B Thearetical Analysis of lnformation Systems. Studenmlinevaiur, Lund, Sweden 1966
(4th e 19750

Langetors, B Divecive Information for Systems Control. In Lund Business Stady No 200G, Fisk,
ed 1967,

Dornie, 5 Tvasprikighet och informatonsbehandling (Bilingualism and information processingl,
Swwckholm Universivy, Inst of Psychology, Rep No 28, 1979, (Swoedishh (This repont presents an
extensive reference lisih

Anthony, Robert, Xz Planmimg and Control Sysiems: A Framoework for Analysis, Harvard Grad,
School of Business Administration. Bosion 1963,
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