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ABSTRACT

‘The results of an office study are presented. ‘The goals of the study were (o determine some parameters of the

problem solving and knowledge level processing that occurs in a particular organization. "T'he problem solving
processes in the organization arc described and the relationship between these problem solving processes and
some characteristics of the knowledge used to solve the problems is discussed. In addition we describe the
impact exceptions have on the cvolution of the organization and identify two mechanisms that help the

organization adapt to change. The implications of the results of the study on the understanding of

organizations arc discussed. Arcas of further study arc described.



1. Introduction

This paper is a deseriptive report on an office study conducted by the author in the spring of 1983. “The intent
of the paper is o present a dilferent view of the organization than is commonly in use in the office .
information system rescarch community.  ‘The perspective taken is that the organization in a knowledge

processing entity that solves prohlems, is goal oriented, and evolves.

‘The study was undertaken for several reasons. All too often | found mysell having to imagine what transpires
in offices because of the lack of good descriptions of office work. Most of the available descriptions do not
contain enough semantic content of the office studied. Generally they contain information about the surface
phenomenon in offices such as communication characteristics, document flow characteristics. or authority
relations. In addition, it was time to investigate the applicability of some ideas relating organizational work

and Artificial Intelligence (A1) (see [Barber, de Jong, Flewitt 83]) that had been proposed.

‘This paper will describe the organization studied, discuss some results of the study and suggest what
implications these results have on the attempt to use computers 10 aid organizational work and on modecls of
the organization. ‘The conclusion of the paper is that there are definite problem solving activitics that an
organization cxhibits and without an understanding of the organization as a knowledge processor and a
problem solver office information system technology is limited in what it can do to increase organizational

performance and cffectivencss.

In beginning 1 would like to distinguish 2 ways machines may be used in organizations. In the first case
machines can be used in an operarive manner. ‘T'his is the way most machines arc used in organizations today.
The machines are uscd to insurc the operation of some function in the organization. Operative applications.
include document preparation systems, clectronic mail systems, and data processing systems. In the sccond
casc machincs may be used in a cognizant manner. Examples of cognizant appliéations would be: a system
that could understand what a human user was doing or nceded to do and perform some tasks that aided the
uscr; or a system that could predict the conscquences to the organization of an action, c.g., entering into a
particular contractual obligation. Cognizant systems are systems that have a semantic undcrstanding of the

tasks performed and of the opceration and capabilitics of the organization.

Onc of the long term goals of this rescarch is to determine ways in which computers can be used in a

cognizant manner within the organization. It is the author’s belief that at this time organizations arc not well

- enough understood in terms of their problem solving processes and the relation between these processes and

the knowledge used to solve problems. It is the goal of this paper to point out some of these processes

obscrved in an organizational study.



Y. Background

Past organizational  theories that have attempted o characterize the  decision making  capabilities of
organizations have started with the capabilities of the individuals that make up the organization. ‘I'he
Scientific Management theory treated the human in the organization as a rational being [Faylor 47). ‘The
triumph of Scientific Management was its ability to describe the physical work of individual factory workers
in terms of decomposable tasks and o give oprimality conditions for the design of factory jobs. ‘This work was
later addressed using the techniques of Operations Rescarch to develop a theory of the organization as a
collection of individuals with optimal decision making capabilities.  Tlowever is was not possible to apply
Operations Rescarch and the task description methods of Scientific Management to information based work.
As was pointed out by March and Simon [March. Simon 63] members of organizations are not optimal
decision makers and it is mislcading to build an organizational theory based on this assumption. March and
Simon proceeded to build a theory based on the assumption that individual's are of limited rational capacity
and madc decisions based on the notion of satisficing. This work was the foundations of the information

processing view of the organization [Cyert, March 63, Galbraith 77).

The work reported on here is an extension of the ideas developed by these authors. The objective is to
undcrstand the organization as a knowledge processor and to understand how organizations can perform
functions (c.g., writing tax legislation or building a 747) that require knowledge not given in its cntircty to any
single individual in the organization. In [Barber, de Jong, Hewitt 83] the authors distinguished information-
action models of the organization from knowledge and problem solving models. They argued that semaniic
support of work in the organization is nceded and that describing work in organizations in terms of goals and

problem solving could more casily capture the character of organizational work.

In addition to the nced to have a better way to describe organizational work other problems in the arcna of
officc information systems will benefit from a view of the organization as a knowledge processor. Below are
listed some of these problems that I believe could be more directly addressed using a knowledge processing

approach.

* Currently there is no coherent framework within which designers may work to build office
systems. ‘The state of the art amounts to do’s and don’t’s that have been derived from experience.
A knowledge processing view of the organization can make explicit what information (formal or
informal) is necessary for accomplishing a task. ‘T'hese dependencics and information about how
individual and organizations actually solve problems can provide design guidelines for office
system designers.

* Efforts at performance analysis of the organization have been discouraging. It has proved difficult
to measurc quantitative and gqualitative data that is meaningful. It has proved difficult to cven
develop a reasonable definition of productivity. ‘These difficultics stem from the fact that the
organization is inhcrently a knowledge processing and problem solving cntity.  Thercfore
performance and productivity questions arc .questions about the knowledge processing and
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problem solving capabilities of the organization. However. the current models in which these
questions can be (ramed do not capture the notions of knowledge or problem sulving,

*There are methodological problems in determining what organizational workers do.  As a result
most studies are limited to stdying surface phenomenon such as use characteristics of telephone,
copiers. graphics messages, cte. ‘These studies result in a dangerous trend in the design of office
systems today: "Our studies reveal that managers spend 80% ol their time communicating.
Therefore we have o give them more sophisticated communication capabilitics.”
In the following sections we point out the importance of a rational basis for performance in the functioning of
the organization. ‘This is the principle that cach action taken or beliel adopted by an entity (organizational or
individual in an organization) during the process of achicving the entity's goals must be justifiable in terms of
a negotiated set of rules and beliefs. “This justification takes the form of an argumentation composed of the
rules and belicfs.  ‘T'he justification of the acts taken by an cntity in achieving goals in terms of an
argumentation is a justification of the entity’s problem solving activity. ‘The knowledge used in deciding how

to solve a problem is of central importance to this idea. ‘T'hus this is another motivation for understanding the

organization as a knowledge processor.

The purpose of the study reported on here is to determine some of the problem solving characteristics of the
organization. In cffect the study has been more of a investigation (0 determine some coarse grain
characteristics of problem solving in the organization. Future studics will be able to proceed in more detail
based on the results of this study. The intent of these future studics will be to gather information that is
qualitatively different from past studics. Information that relates directly to the semantics of the work, the
structure of the task domain, and how the structure of the task domain helps determine the problem solving

mcechanisms uscd by the organization.

3. The Organization

In this scction I give an overview of the organization within the Furopcan Economic Community that was

studicd. What the organization does and who makes up the organization is described.

3.1. An Overview
Onc of the many activitics of the Furopean FEconomic Community is to award financial aid to businesses in

the curopean agriculture community. A rough train of events ofhow this happens is as follows:

1. A organization with capital improvements it would like to make applics for a grant.
2. 'T'he EEC awards a grant for the work, possibly with exclusions.
3. The recipient of the award exccutes the improvements.

4.I'he recipient submits a Payment Request describing the work performed and requesting
| . ‘



reimbursement.
5. The EEC examines the work performed and caleulates the appropriate reimbursement.
0. A Payment Order is generated and the recipient is reimbursed.

The particular organization 1 studied was called a cell and was charged with the Sth and 6th steps described
above. The cell receives paviment requests, analyzes them, determines the appropriate reimbursement and

generates the payment order.

The approach used to solve the problem of providing financial aid (0 organizations is a functional
decomposition of the problem into subproblems.  Sub-units in the organization (c.g.. the cell) are charged
with one or more of the subparts of the overall problem. We may not a few characteristics of the problem:

* Lividently the problem is static enough that its decomposition does not change radically over time.
Thus static sub-units of the organization can be identified with subparts of the problem,

* Since the cellis charged with both the Sth and 6th steps described above the knowledge necessary
o perform these two steps is probably strongly related.

*‘Ihe knowledge necessary o characterize a particular case of financial aid must be relatively casy
to formulate in comparison to the knowledge necessary to calculate the appropriate
reimbursement since the first moves from one organizational subunit to another while the second
is contained in a single subunit. For cxample, another way of solving this problem would be to
assign a single entity (individual or organizational subunit) to handle all subparts of the problem.

The cell is composed of a 10 to 15 professional people with little clerical support (1 to 2 people). There were 3
layers to the organization of the cell. ‘These correspond to the cell’s supervisor at the highest level, the Heads
of Language Groups (HI1.G) at the middle level and the reporters at the lowest level. The Coordination
Committece is a committee that is made up of all the Cell Supervisors. Thus the structure is as depicted in
figurc 3-1.
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Figure 3-1: "The Structure ofthe Cell

The specialization from the highest level o the middle level is by language. Fach HLG directs a group of



reporters that handle Payment Request in one Lingnage. The reporters under o HE G are given a Payment
Request 1o process on an as appropriate basis. The TG uses such criteria as workload. presence in the office
and experience to determine who should be give o particular Payment Request. FFor example if a Pavment
Request is unusual but instructive the HEG may elect o give it o ‘u relatively ineaperienced reporter. On the
other hand., if a particular Payment Request is complex in a particular way and a reporter is experienced with

those particular complexitics then a TG would probably give the Payment Request to that reporter.

3.2. The Organization’s Problem Solving Structure

The way the organization is structured gives insight into the way organization solves the problems that it faces.
As described above the cell is part of a larger organization that has decomposed the problem of awarding
grants into the subproblems of accepting grant proposals, choosing a sclection of proposals and awarding
grants, accepting payment requests and paying the awarded monics. ‘The cell itself decomposes thc-pml)lcm
of analyzing Payment Requests and generating Payment Orders into cach language group and then on the "as

appropriate” basis.

In going from the cell supervisor level to the HI.G level we have a product decomposition verses a functional
decompoasition as seen in the example above. (For a more detailed discussion of product verses: functional
decomposition sce for example [Simon ].) Rather that breaking a problem up into aserics of subproblems the
approach used here is to c/assify a problem-instance as being of a particular type and give the problem to the
specialist for handling that kind of problem. Evidently it is difficult for the problem solvers to handle a
problem in any of the languages spoken in the Europecan Economic Community. This is an cxample of the
capabilitics of the problem solvers affecting the structure of the problem solving mechanisms in the

organization.

In going from the HIL.G level to that of the reporters the decomposition is at first appearance a product
decomposition. It would appcar that the reporters are a pool of resources and a casc is given to any reporter
that is free. This is only partially the casc. The HI.G usces his knowledge of the reporters’ capabilitics and his
estimate of the difficulty of Payment Request to choose the appropriate reporter. In some cases he may
choosc a reporter skilled in the particular case (choosing a specialist), he may ask a reporter to do one scction
and another reporter to do another section (functional decomposition), or he may choosc a particular reporter
based on skill level. The HLG fulfills a coordination role with the purposc of maximizing his groups

productivity. Some comments on the problem solving at this level are:

*'T'he knowledge necessary to process a particular Payment Request if very casc dependent.
* "I'here is a wide range of difficulty in the cases presented to the cell.

* Each case is unique in that no common functional decomposition cxists.
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Thus there dis a significmt amount of nneertainty as 0 what the structure o any particalar case will be,
(IFurther discussion of the effects ol uncertainty on organization structure can be tfound in [Galbraith 77 1Fox
&1].) 1For this reason the cell must be flexible enough to adapt to the various cases that it can he given. ‘The
souree of this flexibility is the H.G. he uses knowledge of the type of case at hand and the capabilitics of the
reporters Lo perform an appropriate match between the Payment Request the the cell's processing capabilities.
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P
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Figure 3-2: Obscrvations on the Structure of the Cell

Some further observations on the problem solving characteristics of the cell in the case of exceptions are
shown in figure 3-2. ‘I'ypically when a Payment Request arrives it is routed to a reporter for handling. ‘The
reporters arc specialist in the analysis of the Payment Request which is a complex task and involves the
organization's rules and application of these rules in a narrow domain. Should the reporter have a problem
with a Payment Reguest then he may consult a fellow reporter or the HL.G. ‘T'he 111.G may make a decision
on the Payment Request or ask the Cell Supervisor. If the Cell Supervisor is unsure of an appropriate
solution or if the Payment Request is an interesting onc, the Cell Supervisor will bring it before the
Coordination Committee. 'I'hus cases that are problematic move up the hicrarchy to individuals that arc more
cxperienced, have a broader knowledge of the rules, and have a broader perspective vis-a-vis the
organization's goals and policies. At the same time the cost of the individual increases as one gocs up the
hicrarchy because more is required from the individual in terins of knowledge, experience and responsibility.
We sce that individuals at higher levels in the hicrarchy have a dual role: they coordinate the activitics of the
individuals working bencath them and they solve the difficult cases that the reporters cannot solve because of

limited perspective or experience.

Thus this structurc can be scen as a way of achicving the organization's throughput and robustness
requirements in a cost cffective manner. ‘T'he reporters are specialists in handling the commonly encountered
cases thus being the major contributant to the Cell's throughput. ‘The organizational level's above the
reporter contribute robustness to the cell's performance.  Although these levels may not be as proficient in

processing the commonly encountered Payment Requests they are capable of handling the problematic cascs.

The coordination committee is the focus of some very interesting activity. ‘I'he coordination committee’s



responsibility is o resolve the problennatic cases. There are 3 interesting aspects o the way (he coordination
committee resolves these casces.,

* Rule Generalization, Fatension, :md Formation - The coordination committee analyzes the
unusual case in light of the organization’s rules and decides how those rules should apply.
I'requently the rules don’t apply in a casy manner. ‘This requires some bending of the rules. 1t
may be necessary 1o generalize a rule, extend a rule, make an exception, or make up a new rule 1o
accommodate the case at hand. ‘These changes to the rules used by the organizations are ar
adaption mechanism that allow the organization to adapt to minor changes in the environment or
1o its goals. I the committee is called on to justily its actions in resolving the case then it must
have a rational basis tor the action it took.

* Consensus Forming - Rule madification proceeds through a consensus forming process. Members
of the coordination committee discuss how the organization’s rules should apply o unusual casces.
Each member has a conceptual model of the what the organization does from  their own
perspective. Uisually one person’s model will be more detailed in a particular arca than another
person’s model. As proposals for rule application and maodification are brought up, members of
the committee can report undesirable implications of the proposals. ‘The consensus process is
both a method to debug proposed changes (o rules and a way to share individual's models of the
organization. (As a simplification 1 assume that the members of the committee share the same
goals. The process becomes more interesting when members of the committee have conflicting
goals.)

* Fvolutionary Adjustment - The rules derived from the above processes and the problems in

“applying those rules are used to guide the cvolution of the organization. For cxample if a
particular class of problem appcars frequently before the committee then a decision may be taken
to create a new specialist’s position (such as a new reporter) that is designed specifically to handle
this class of problems. ‘T'his is an cxample of a stronger adaption mechanism than the one
described above. In this case the organization’s problem solving structure is changed. This can
allow the organization to adapt to major changes in its goalsor in the environment.

From the perspective of the organization the committee performs two important functions, onc internal and
onc cxternal. Internally the committee insurcs that the organization has a consistent and meaningful set of
rules by which to operatc and that the organization meets its various requircments, c.g., throughput.
Externally the committee insurcs that the organization presents a coherent interface to the outside world. For
cxample, similar cascs presented to the organization should produce similar results and not depend on
internal organizational factors such as the case was handled in an English L.anguage Group versus a French
l.anguage Group. ‘e importance of this property is rather dramatically illustrated by this cxample: if it

were not the case that similar cases produced similar results then this could be grounds for a political issuc.

As is apparent from the above description the concept of rules is central to this view of the organization.
‘I'here are many questions that arisc: what is the structure of these rules, how are they applied, where are they,
and how arc they communicated? The relation between these rules and the Al concept of-rules is beyond the

scopc of this paper and is a interesting arca for future work.



Irom an Al point ol view the different levels of the nrg;mi/m.inn hinve a problem solving interpretation. Fhe
Pavment I‘{cqucsls that are handled normally rc&.mirc little problem solving on the organizational level. "Those
that are difficult to handle move up (he hierarchy until they can be resolved by more knowledgeable problem
solvers. ‘Thus the reporters and the tasks they performed are highly specialized or compiled activitics. 'The
intermediate levels--the H1L.G's and Cell Supervisor--arc the levels most knowledgeable in application of the
organization’s rules.  This might be called the reasoning component of the organization.  Given the
organization's accepted set ol rules the i;ldividuul's at this level decide how o apply the rules.  ‘The
mofdinulinn committee represents that part of the organization that helps in the application and modification
of rules and in guiding the evolution of the organization as a problem solving mechanism. It decides wheri
the organization’s problem sohing structure must be modified. ‘The knowledge and mechanisms necessary (0

perform this task are especially interesting to Al as they provide a kind of learning behavior.

4. The Individual’s Work

In this scction 1 will concentrate more on the problem solving activitics of a particular individual, in this casc a
reporter. ‘T'he major point {)f the section is to argue that the work of the individual is best described in terms
of goals and accepted methods for achicving the goals. Here again we find that the notion of a rational basis
Jor performance is important. ‘The description of an individual’s work as goals and accepted methods for
achieving them is important from another standpoint: it localizes the decision making about exactly how a
task is to be donc (a goal achicved) with the individual performing the task. ‘Thus this method of describing

organizational work is an approiach compatible with the decentralization of decision making,.

A reporter’s Lask is to receive a Payment Request, analyze it, calculate the appropriate reimbursement and
generate a Payment Order. Reporters are professional level people that take about 6 months of on the job
training before they become proficient at their tasks. There is a significant amount of flexibility and
individual style in how they accomplish their work. When onc begins to analyze the complexity of the
domain onc is struck by the large amount of infonmation involved and the situation driven characteristics of
the work. For the reporter many different situations give risc to different problem solving approaches. When
analyzing the Payment Request if there is a difference between the work planned and what was actually done
then this gives risc to onc sct of problem solving approaches. There are other rules and problem solving
approaches if work extends beyond its scheduled completion date. If the Payment Request does not contain
cnough documentation of the work performed there arc problem solving approaches which involve

telephoning, requesting supplemental information or making site visits.

Past attempts to describe organizational work have often used some kind of procedural approach to specify
what actions should occur and in what order. ‘These approaches suffer from a varicty of problems which have

been documented clsewhere [Barber 82, Fikes, Henderson 80, Ellis 83] and are summarized here:



* In general these approaches are not practical. “They are uselul for giving a general idea of what the
wark nury involve but in actual circumstances there are just oo many possibilities to consider and
too many circumstances that cannot be foreseen.

* A description of a task in a procedural fushion and a description of what actually happened in a
particular procedure are very dilferent and cannot be casily accommadated with one another.

* A procedural description approach, since it is composed of actions and decision points, does not
give insight into why things are done.

* A procedural description approach does not provide a basis for exception handling or evolution.,

As pointed out in [Kunin 82] a pracedural approach in describing the work of individuals is problematic in
situations where the work is flexible. “This is the situation in the case of reporters.  Procedural description
approaches have given rise to the concept of "unstructured™ work situations. "This term is most frequently
applied when describing the work of managers.  However the work is unstructured insofar as the the
structuring criteria used. ‘I'he work managers and other office workers do is structured around the goals they

have and the ways they have of achieving those goals.

The biggest mistake in using a procedural description approach is that because of their need for specificity
they remove the decision making from the decision makers that are most qha[iﬁcd and best ii:ﬁ)r'iried. Thus a
goal based approach leaves it to the decision maker how exactly to achicve the goal and is a method to
decentralize decision making and reduce the amount of information flow necessary in the organization.
However, the decisions made must be accountable. I'hus the decision makers must have a rational basis for
their performance. In essence, when an employer hires someone the employer gives the employee some goals
and methods for achieving the goals. Frequently, the employer accepts that the employee has some expertise
and trusts the employee can usc that C)fpcrtisc to achicve the employer’s goals. By and large the cmployer
docsn’t care how the employec achicves those goals, just that the job gets done. ‘I'he employec is free to make
dcecisions within the rcalm of his expertisc in the performance of the work but in the end the employce must

be able to defend the work on a rational basis.

5. Conclusions and Future Work

From the above description of problem solving processes in the organization we can determine a number of

characteristics of the organization’s problem solving structure that help determinc'its effectiveness. Given a

problem to solve then we consider the following:

1. The breadth of variations in problem instances.
2. T'he knowledge necessary to describe a problem instance.

3. 'T'he knowledge necessary to solve a problem.
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- The capabilities o the problem solving agents.

The problem solving effectiveness of an organization can be increased by increasing the organization’s
capacity o handle any once of these characteristics.  In addition, flexibility ulnni: any of these dimensions
allows for more flexibility in the design of problem solving structures in the organization.  Consider the
following hypothetical ways that the problem solving in organizations might be enhaiced with the use of
cognizant technologies:

* By aiding i the complexity of problem deseription.  Knowledge strictures can be used to
describe a problem at a higher level of detail and more dynamically than what is feasible on paper
for example.  FFor example. interactions between subparts of problems can be more casily
monitored and controlled.

“* By bringing more knowledge to bear on problems being solved. The following technigues arc
applicable: quickly identifying problematic aspects, automatically processing routine cascs,
retrieving similar past cascs, suggesting solution approaches. or analyzing solution approaches

* By adding problem solving agents.  Cognizant machines could play a role in such tasks as
classifying and delegating problems, decomposing problems into subproblems and coordinating
the solving of subproblems.

A major obstacle to the above approaches is the limited understanding of what and how knowledge is used in
organizations to influence the structure of problem solving and to solve problems. An implication of the
study performed is that more understanding is needed in the arca of knowledge processes in the organization:
how is knowledge used to coordination the solving of processes. what knowledge is necessary to detect that a
problem solving 'system is not performing satisfactorily. what knowledge is necessary to restructure a problem
solving system, what kind of transformations occur to knowledge as it move in an organization, both latcrally

and vertically (cg, filtering, abstraction)?

Scveral other issues arc implicd as a result of this study. These questions provide be a basis from which to

continuc further work in this area.

In the preceding discussion 1 have not described the source of motivation. 1 have described what individual's
do or what a committce does but have not described what motivates them to work in this dircction.
Presumably structural elements exists that can increase or decrease the amount of cffort the individual or
committee invests in achicving their goals. Common motivational mechanism’s in human organizations are
reward (salary and bonuses), competition, or strongly held values that derive from the organization’s culture.
Futurce work should address this issuc as it is an important in explaining differing levels of dedication and

achicvement in the organization.

A morec fine grained understanding of the goal structures in organizations and the relation of these structures

to actions performed to achicve goals is nceded. As outlined in [Barber 83) a goal of this rescarch is to



develop a workstation that can understand the goals o aparticular process (o aid constructively in achicving
those goals. ‘The workstation system would function as an assistant, noticing how goals had been achieved in
the past, making suggestions for how to achieve goals and noting how solving new problems is different from
past problems and understanding the reason for these differences. An understanding of goal structures in the

office and the relation of actions (o these structures would go a long way in achicving this workstation

apprentice,

A key idea in this paper that surfaced as a result of the study is the notion of an argumentation or a rational
hasis for pci‘ﬁ)rmuncc. There are many interesting guestions relative to this idea that would be enlightening
w answer. What does the idea entail, in what ways do organizations and people rationally justify what they
have done? What is the relation between the rational basis for achicving a goal and what actually happened?
What is a rational justification consist of, what kind of argument is it? I<or example, it is probably not a logical
argument. "What are the negotiation processes through which these argumentations are established as valid or

invalid. Under what conditions are these arguments accepted?
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