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factor which can, of itself, influence managers’ decision performance

when using computer decision support.
Skill and Satisfaction

Another problem relates to the fact that technological changes bring
disturbance and, possibly, anxiety to the managers and workers involved.
Actualities here, mean little. = What is important is the manager’s
perceptions or anticipation of his or her new situation. The new
computer technology requires that managers acquire the skills to use a
terminal or PC, access central data base files and manipulate data. One
of the key components in this is keyboard skill or touch typing (Card,
Moran and Newell, 1983). Acquisition of such ability might not be seen
as skill-enhancing but rather as a necessary but evil levelling-down in
status terms. Managers might regard themselves as being reduced to the
level of clerical or secretarial workers or at least having a large clerical
component in their managerial work. On the other hand, managers might
regard the question of keyboard skill as part of a larger skill area
involving mastery of computer techniques. The whole question of
keyboarding may, in time, be bypassed by technology. The use of a
"mouse" hand controller and voice actuation will enable computer
instructions to be issued without a keyboard. Nevertheless, in a study of
computers and decision-making, computer skill may influence outcomes

and may relate to personal satisfaction experienced by the decision-maker.
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To sum up, mainframe computers changed the clerical work force
from clerical work to data processing work but left managerial work
virtually unchanged. Managers became involved along with their staffs
when new computer installations created problems for major departments
and work groups within organizations. These installation-related problems
led to reductions in productivity for significant periods of time and offset
part of the advantage of computerization. Later, as existing computer
installations were expanded to handle increasing volumes of data and take
over more tasks in organizations the same process of poor installation
procedures leading to loss of productivity and antagonism towards
computers and their protagonists was repeated. In any research related
to managers and the possible impact of new computer systems on their
work it is possible that their past experiences of computer installations
might influence, positively or negatively, their attitude towards such a
new system and such attitudinal data should be collected about the
subjects in the research.

One of the sociological topics to emerge from studies of the impact
of computers on work is the issue of the deskilling of managers. In their
own right managers are an important work group to study. The topic of
deskilling which is still unresolved would also be interesting to include in
any research study.

One of the key tasks in managerial work is decision-making. While
it is by no means all of managerial work it is an important function.
The literature suggests that computer-based decisions by managers might

be affected by the manager’s skill in using computers here defined as



41
computer literacy. It would appear that this skill is potentially important
enough to be a major variable for study in any research. Following task
analytic models, there may be a connection between skill in the form of
computer literacy, successful decision outcome and self-perceptions of
success by the manager. All of these may be relevant in research.

In researching computer-assisted decision-making one turns to the
literature on decision-making in general in order to find relevant
parameters. There are situational constraints. There may be decision
process issues to take into account. And there is always the need to
identify the ways in which success or failure is determined in decision
outcomes. Any or all of these might be modified by the use of a
computer so they should be investigated. Lastly, one needs to see the
ways in which computers have been or are being used to support
managers’ decision processes. It is with these subjects that the next

chapter is concerned.



CHAPTER 3

THEORETICAL IMPACT OF COMPUTERS ON INDIVIDUAL
DECISION-MAKING A

Behavioral Decision~Making

A behavioral theory of decision-making argues that rationality,
computational efficiency and emotion-free cognitive processes cannot be
assumed without proof (Barnard, 1938; Simon, 1957; March and Simon,
1958; Cyert and March, 1963). In contrast to the ideal decision-maker of
classical theory, March and Simon (1958) suggest that decisions are made
under conditions of bounded rationality. Bounded rationality is described
by Simon [1957] as

"The capacity of the human mind for formulating and
solving complex problems is very small compared with the size

of the problem whose solution is required for objectively

rational Il;ahavior in the real world - or even for a reasonable

approximation to such objective rationality."
This has two outcomes. First, the decision-maker has to construct a
simplified model of the problem domain. Second, there are practical
limits to human mental processes. The number of alternatives if too
large must be reduced cn some basis acceptable to the decision-maker
which means that some alternatives are never considered. Bounded
rationality means that there are constraints to the amount of intelligence

gathered and information processed. Further, bounded rationality suggests

that the information used is that which is most readily and economically
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available rather than that which is ideally suited to the decision to be
made.

This leads to Simon’s second concept. This concept says that, even
in the reduced set of alternatives, decision-makers seldom achieve
optimal outcomes. Instead they settle for a less than optimal outcome -
they "satisfice" - and meet minimally acceptable standards rather than go
through the complex computational processes needed for the rational
model of optimality [De Alberdi & Harvey, 1985].

The concept of satisficing sometimes carries connotations of
irrationality but this is not always the case. There are times when it
would be inappropriate to use a lengthy and complex decision procedure
for a trivial, routine, low cost or easily reversible decision (Townsend,
1970; Janis and Mann, 1977). The capabilities of PC/DDBIS to make more
information available and to increase individual computing ability, the cost
of which continues to decline are considerable. Cne example of such cost
reduction is the statement that the cost of computer memory devices and
processors halved every 2.5 years during the early 1980s [Christie, 1985].
The question of whether these cognitive processing limitations apply with
as much force under the conditions of computer-aided decision-making -
and particularly PC/DDBIS - is a question of significance to this study.

There is one aspect of the decision process that is approached
rationally and that is the amount of human effort expended. Research
has shown that the strategies adopted by decision-makers are evolved so
as to reduce cognitive effort [Keen, 1979; Rouse, 1982]. Electronic or

computer-based decision-making is in keeping with this human preference
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since computers reduce the computational load of the decision process and
the data bases reduce the search activity. This, however, presupposes
that using a computer does not in itself generate additional cognitive
effort. The implication is that the real benefits of computers in the
decision process are only realized by the user who is fully computer

literate.

Criteria of a Good Decision

An area of concern in connection with decision-making is the way
the process is carried out. It is convenient to look at the
decision-making process in terms of the two components of productivity,
efficiency and effectiveness (Keen and Scott Morton, 1978). Efficiency is
defined as performing the decision task as well as possible in relation to
pre-determined performance criteria. It also means using the least
amount of resources to make the decision. Efficiency involves a
narrowing of focus and a minimization of the time, cost and effort used
to reach a decision. It is essentially programmatic.

Effectiveness, on the other hand, involves identifying what should be
done and ensuring that the decision relates to the chosen objective.
Effectiveness requires adaptation and learning through analysis, false
starts and redundancy (Keen and Scott Morton, 1978). These two goals
are sometimes in conflict.

The same authors poiiti out that both concepts are required by

organizations but that the balance between the two may change from time
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to time or from decision to decision. The more unstable the environment
the greater is the need to focus on effectiveness to ensure that actions
follow the environment or market. In a stable environment, the fﬁture is
easy to predict and the efficiency of the decision process is more
important (Keen and Scott Morton op.cit.).

When examining decision-making processes from the point of view of
either effectiveness or efficiency, a key question is how individuals use
information. The basic concerns are:

What information is used in the decision process?

What weightings are given to various pieces of information?

How is the information combined?

Research has attempted to predict decisions by studying the information
available to the decision-maker. If correct predictions can be made, then
the form of the predictive heuristic suggests the weightings of the
different pieces of information given by the decision maker. Distinct
ways of combining information inm order to reach a decision have been
identified such as compensatory, conjunctive and disjunctive styles.
These different styles can lead to different decision outcomes and
different opinions exist as to their usefulness (Szilagyi and Wallace, 1980).
However, simple linear models appear to be as effective in predicting
decisions as more complicated models in many cases (Einhorn and
Hogarth, 1975).

Apart from single value or single outcome decisions it is difficult to
measure the success of any decision. Where there are multiple outcomes
then the success or otherwise of a decision requires values for all the

outcomes both those intended and those unintended. The majority of
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important decisions will be of the type that have multiple values and
outcomes. Obtaining quantitative measurements for all of the outcomes -
some of which will be qualitative - and combining such quantitative
measurements is extremely difficult (Janis and Mann, 1977).

One of the frequently encountered problems in decision-making is
how to handle qualitative information. Often, the outcome from a
decision process which uses only quantitative information has to be
discounted or amended in the light of considerations of values and
judgement. One study mentioned earlier attempted to combine qualitative
and quantitative data examined job characteristics in terms of personal
and environmental factors. The study converted the qualitative data into
approximate linear numerical values, combined them additively with the
quantitative date and found no difficulty in carrying out simple statistical
analyses. The results of the study showed no systematic differences
between quantitative and qualitative values in describing perceptions.
Unfortunately, the levels of significance reached were not sufficient to
support definitive statements [Kaban & Duchon, 1988].

Janis and Mann (1977) propose a different approach to the problem
of measurement of decision quality. From a review of the literature on
effective decision-making they extracted seven criteria that can be used
to determine if the correct decision-making procedure was followed by
the decision-maker. The seven criteria are -

1. "l;ltl_c())rr?ugh canvass of a wide range of alternative courses of

action;

2. Survey the full range of objectives to be filled and the values
implicated by the choice;
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3.  Weigh the costs and risks of both negative and positive
consequences that could flow from each alternative;

4. Search intensively for new information relevant to a further
evaluation of each alternative; )
Assimilate correctly and take account of the new information
and any expert judgement available even if it does not support
the course of action initially preferred;

6. Reexamine the positive and negative consequences of all know
consequences, even those originally regarded as unacceptable
before making a final choice; )

7. Make detailed provisions for implementing or executing the
chosen course of action with special attention to contingency
plans for any known risks that might arise.

In the view of Janis and Mann, failure to meet any one of these seven
criteria constitutes a defect in the decision-making process. The more
criteria omitted the less likely is the decision to result in the desired
outcomes.

Meeting the various criteria is not an all-or-nothing affair. Rather
it is a matter of degree. Moreover the way an individual goes about
making a decision has been shown to change over time (Hilton, 1962).
Janis and Mann (op.cit.) suggest rating the decision-maker on each of the
criteria using a simple ten-point scale. There is no suggestion, however,
that the ratings of the seven factors can be combined into one total
rating for the decision. It is conceivable that a zero rating on one
criterion might invalidate any decision made regardless of how high the
decision-maker was rated on the remaining six.

Again, it cannot be assumed that high scores are beneficial in every
case. There are low risk or low cost decisions where the expenditure of
time and resources to carry out all seven steps fully would be
uneconomic. There is also the question of information overload in

relation to the importance of the decision.
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"A high degree of selectivity [of information acquisition
and usag% may often save the decision maker from
unproductive confusion, unnecessary delays and waste of his
resources in a fruitless quest for an elusive, faultless
alternative." [Janis and Mann, 1977, p13])

However, there is always the risk that a selective decision maker will be
wrong in choosing the first alternative and failing to look for at least
one or two other possible alternatives.

The advantage of the decision criteria method for evaluating a
decision is that it concentrates on the decision process itself. In so
doing, it avoids the problems associated with using the outcome as a
measure of the correctness of the decision since the outcome may be
subject to a number of factors, some of which could have been foreseen
by the decision maker and some which could not. Even if all were
foreseen, they may not all be controllable and the outcome of a decision
may be more a function of the uncontrollable external factors than of the
quality of the decision process itself. So, outcome measures may be
inappropriate as measures of either decision quality or efficiency. They
are, however, relevant to but not deterministic of the effectiveness of
the decision.

The effectiveness of a decision relates to whether or not it
advances the individual or organization towards its perceived or stated
goal. Failure to do so is lack of effectiveness. It should be remembered
that choosing the correct course of action is independent of whether or
not that course of action is successful in reaching the desircd goal.

In practice, most goals are multi-faceted. There will be more than

one criterion that the decision maker is trying to satisfy - at least in
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some measure. In some cases the other criteria are undefined or taken
for granted, even by the decision maker. When the multiple criteria are
recognized by the individual the implication is that each is given a
relative weight in the decision equation. In this study, the problem that

is set uses a single criterion.
Decision Support Systems

Simon (1965) described decisions as programmed or unprogrammed.
Programmed decisions were defined as routine and repetitive; where the
organization could develop procedures for handling them. In programmed
decisions it is possible to define all the factors in a decision, know their
relationships and quantify them. The decision process might, therefore,
be described as automated, routinized or habitual. The problem is
sufficiently well understood to be handed over to junior staff or to be
automated. Examples are credit ratings, ticket reservations and inventory
re-order schemes.

Unprogrammed decisions were defined by Simon as one-shot,
ill-structured, policy decisions. These completely unstructured
(unprogrammed) non-repeating decisions remain the province of individual
judgement. Examples are decisions concerning marketing budgets, the
creation of new operating programs and the hiring of senior executives.

The third, intermediate class of decision situations - described as
semi-structured (Keen and Scott Morton, 1978) - are those where

managerial judgement is necessary but not sufficient for optimal success.
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One reason for this situation to arise is the considerable amount of data
that might have to be assimilated and manipulated.

New computer technology permits access to low-cost decision aids
such as simulation models, spreadsheets and data bases. The use of smart
terminals and PCs allow non-DP professionals to access data bases and to
withdraw, manipulate and store data in a way that was not possible under
the old DP technology [Kleinschrod, 1986]. It is this flexibility in
computing power and degree of data handling sophistication that provides
the drive to develop DSSs. These attributes specifically motivate the
manager to use these new opportunities in making important decisions.

"Computer spreadsheets are the most commonly
encountered ad hoc DSS." [Perlin, 1985 p. 81].

Decision Support Systems go two or three steps further in supporting
managers than data bases. They have been said to automate the
spreadsheet process [Horn, 1984]. This leads to another of the key
attributes of a DSS, namely, that it is under the manager’s own control
and is not controlled by the DP staff.

Apart from structure, a second dimension was used by Keen and
Scott Morton (op.cit.) to define DSSs. It is the one devised by Anthony
(1965). In the Anthony one-dimensional classification all managerial
activities can be placed in three categories along one continuum. The
first category is strategic control which involves objectives, values and
the acquisition and allocation of resources for the organization. The
problems in this area are complex, non-routine and require innovativeness

and creativity in their solution. The second category is concerned with
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the efficient and effective use of the organizations resources to achieve
the organizational goals. This is the area of policy, sub-goals and the
development of routines,standard operating procedures and systems for the
operational level to follow. The third category is operational control.
This is concerned with the execution of policies and decisions made by
those in the second category. There is less judgement involved in this
class of decision-making since the goals and objectives have been laid
down and the resources allocated.

Keen and Scott Morton (1978) combined the dimensions of both
Simon and Anthony in their classification system for DSSs. This
classification indicates that DSSs are intended for the semi-structured
decision situations where the need is for the decision maker to be
supported. There is sufficient structure for a model to be of use yet not
enough for the whole decision process to be programmed. It is possible
for the decision maker to need support for a particular problem in any of
the three areas of the classification, strategic, managerial, or operational.
It is likely that there will be fewer calls for DSSs in the operational area
than in the other two. The important point of the classification is to
indicate where DSSs will be effective and where they are unlikely to be
effective. In situation of likely success, a DSS is the preferred system.
In any use of a DSS, a DDBIS will provide the data for an effective
solution. For many of the above reasons, a DSS was used in this

research to provide a suitable problem for a disparate group of subjects.
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FIGURE 1
A FRAMEWORK FOR INFORMATION SYSTEMS
Type of Management Activity
Decision Operational Management  Strategic Support
Task Control Control Planning Needed
Structured Inventory Linear Plant Clerical
reordering programming location EDP or MS
for mfg models
Semistructured Bond Setting Capital DSS
trading market acquis-
budgets ition
Unstructured Selecting Hiring RD&D  Human
magazine managers portfolio intuition
cover developm’t

Source: Keen, P & D. Scott Morton "Decision Support Systems" 1978

There are four types of DSS.
1. Explicit - where all the data are quantified .
2. Descriptive - dealing with how people react to situations
3. Evaluative - including the functions of the descriptive model
with suggestions as to quantitative measurement
4 Predictive - risk reduction models which grow and evolve from
experience
[Hanson, 1984]
One extension of the Predictive DSS is what Hanson [1984] calls the
"Busimetric Model" defined as a micro model of a business paralleling
econometric models in economics. The Busimetric Model starts with
econometric functions, quantifies uncertainty and includes the capabilities
of risk or impact analysis and sensitivity analysis. All of these

components are combined in mathematical relationships.
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The use of DSSs by managers in the future may not be optional.
Many projects have become too complex to be managed effectively
without computer-aided support systems. The amount of information to
be processed and analyzed increases continuously. To remain competent,
managers may require more analytic decision-making, better planning, an
ability to handle higher task complexities, support in team building and
maintenance, and greater management skills in general [Thamhain, 1987].

Theoretically, these tools help overcome some of the individual
cognitive processing limitations. They also allow a degree of creativity
and judgement in the selection of data and decision aids to be used in
specific problem situations. This creativity means that DDBIS can be
used in unstructured tasks for information alone or in combination with
other computational programs to provide ad hoc solutions to
one-of-a-kind problems or rapidly occurring problems where time does not
permit the development of a special database or a programmed DSS.
When using a data base the decision-maker is still required to use
personal experience and judgement in all parts of the problem - data
selection, computation, comparison, evaluation.

Decision Support Systems represent an improvement over the data
base plus computational tools because it provides structure to the
problem. It indicates what data are essential and how they are to be
combined. The role of individual judgement is reduced to dealing with
the judgmental essentials. They also differ by each tool being specific to

one application rather than being generalizable across a range of
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problems. With a range of repetitive problems, each problem requires a
customized DSS.

A DSS provides a tailor-made algorithm or support system dealing
with one specific problem. The required data are specified by the user
and the system developer and are not variable by the user after the
system is designed. That means that the person constructing the DSS
must be familiar with the problem, know its constraints and, further, be
‘able to define accurately the problem space (Newell and Simon, 1972). In
turn the manager or user must be able to supply the remaining and
unstructured parts of the problem from his judgement or experience.
Levels of risk or of uncertainty are examples of such judgmental values.
The user’s discretion is limited to varying the range of the unstructured
variables input into the system. The DSS does enable sensitivity analysis
to be carried out so alternative solutions can be generated and compared.
From the amount of work involved in setting up a DSS, it is likely that
it would only be used in cases where the problem is a recurring one or
where the value of the outcome is considerable.

This chaptef examined the criteria of a good decision and the
process to be followed in making a theoretical correct decision. Some of
the ways in which human decision-makers subjectively disregard some of
the information available and limit the alternative choices available in the
decision are discussed. The way in which computers might influence
these issues is also discussed.

Finally, one of the major computer-based decision tools - the

decision support system - is introduced. It has unique advantages for
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research such as contemplated here. It offers the computer’s ability to
store, access and manipulate information with the minimum human effort.
It offers support for the manager’s decision without replacing the
manager altogether. For those reasons it was chosen as the experimental
vehicle for this research. In the next chapter the specific research
question is developed together with a number of hypotheses which will

test the proposition put forward.



56
CHAPTER 4
STATEMENT OF THE PROBLEM AND THE HYPOTHESES

Expert and Non-Expert Decision-Makers

In managerial circles, a naive decision-maker might be considered a
contradiction in terms. However, decision-makers differ in their
experience of making decisions in terms of the context of the decision,
the environment in which the decision was enacted and the organization
structure. In the view of Card and his associates [Card, Moran and
Newell, 1983] the individual moves backwards and forwards along a
continuum from high skill of judgmental decision-making tc the low skill
level of cognitive or task decision-making where the problem is such that
it can be completely analyzed, defined and bounded. The implication is
that as the task becomes more familiar the decision process becomes
simpler. This means that low skill decisions become routinized and
mentally programmed as the frequency of their appearance increases. If
successful over a period of time the high skill decision-maker is the type
of person sought after as the expert for an Expert System. Any
improvement in decision skills may be in the process or the outcome or
both. The result is that, either by experience or aptitude, a group of
executives can be ranged along a continuum of decision-making skill.

Provided the technology has an effect on decision-making, it is of
interest to consider whether the effect is uniform along the continuum.

Does computer technology affect both expert and non-expert
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decision-makers equally? In a case study of a DSS application, the more
expert decision-makers, measured in terms of their outcome performance
and not by their decision process skills, were less likely to use the
computer-supported system [Keen and Scott Morton, 1978]. It could also
be hypothesized that the more competent and professional the
decision-maker the less he will be inclined to trust the system and
abandon his judgement where the two are in conflict. On the other
hand, the less experienced and less confident decision-maker might
welcome support in his or her decision process. Based on experimental
findings, Card and his colleagues [Card, Moran and Newell, 1983] found
that in terms of simple mechanical dexterity, experts and non-experts
were equally affected by software systems of different levels of user
friendliness. The sum of this research suggests that expert and
non-expert decision-makers are equally able to learn computer systems,
but experts are less likely to use them. It, therefore, is important from
the point of view of this study to test for a differential effect from
computer assistance in decision-making between expert decision-makers

and non-expert decision-makers.

Model of the Decision-Making Process

The decision process can be postulated in a model [see Figure 2]. In
this model the executive is perceived to have decision-making skill to a
varying degree. This skill is shown as a function of past business

decision-making experience, experience of computer installations,



computer litera.cy and whether a data base is available or not. Eachsgf
these major factors are made up of sub-factors capable of direct
measurement. The outcome of the model is a measure of decision skill
which expresses itself in perceptions of skill and in performance. The
latter is measured in terms of the efficiency of the decision and the

effectiveness of the decision

FIGURE 2

MODEL OF IMPACT OF PERSONAL COMPUTER WITH
DISTRIBUTED DATA BASE ON MANAGERS DECISION SKILLS

Age  Education Perceived » Perceived
skill satisfaction
Computer '
operator——gx,.. Computer
experience literacy
Computer, Decision
ownership process
(Efficiency)
Use of Decmon
PC/DDBIS v SKill Tlme to

(Expertness) —— > reach
Non-use of

decision
PC/DDBIS \ (Efficiency)
Experience of, Computer DCCISIOII

1nstallat10ns_'@exper1ence

reached
ﬁ (Effectiveness)
Computer Business
attitude decision
experience

Training

in other %

systems Past Problem ormal

success familiarity decision

training
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When using computer-based decision support, executive decision-making
skill is further seen to be a function of the quality of the support system
itself, computer literacy and past computer experience. In this study only
one decision system is used and, therefore, support system quality is not
a variable under investigation. However, the executive’s past experience
with other support systems could influence his or her attitude and

performance in this study and is, consequently, studied.
Hypotheses

Dependent Variables

There are two dependent variables by which managerial decision skill
is measured. The first is the time taken to reach a decision. This is an
efficiency measure. The second variable is the outcome of the decision.
Because the experiment was a closed environment and random effects

were eliminated, output is a valid measure of effectiveness.

Time

The rationale underlying the new technology suggests that the speed
of the computer allows the decision maker to access and analyze the
information more quickly and, thus, reach a decision faster. This effect
may also be a function of Computer Literacy. The situation can be

represented by certain hypotheses.
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Hypothesis 1
A) The use of PC/DDBIS allows subjects to reach
decisions more quickly, controlling for management
experience and accuracy of outcome.

B) The greater the degree of computer literacy, the
quicker will the decision maker reach a decision.

Information Access and Optimizing

It has been argued that the PC/DDBIS technology facilitates the
accessing and evaluation of more information than was the case under the
older technology. This would render Simon’s "satisficing" concept invalid
since the individual is now buffered from the mass of information and the
search process by search and storage computer technology. With the
ability of a DSS to run simulations, optimizing is more possible than
before. Therefore, satisficing will not be the most likely course of action

for professional managers.

Hypothesis 2

A] PC/DDBIS technology will produce more optimal solutions
than non-PC/DDBIS technology.

B] The more experienced the manager the greater the number
of pieces of information that will be used to reach a
decision when using PC/DDBIS.

C) The more experienced the manager the more likely is an
optimizing solution to occur.

D) When using PC/DDBIS, subjects make more use of data
which leads to more effective decisions, than subjects not
using PC/DDBIS; when the amount of data available is
held constant.
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Decision Efficiency

From the work of Janis and Mann [1977], the more thorough the
process by which information is scanned and the greater the number of
alternative courses of action that are evaluated, the more efficient is the
decision process and, therefore, the more effective in terms of outcome
given no other external factors. In this study, decision efficiency is
related to the thoroughness of the information search and evaluation

processes. The appropriate hypotheses can be stated as follows.

Hypothesis 3

Al When using of PC/DDBIS technology subjects, first,
consider more options and, second, use more information,
holding outcome constant than when using conventional
technology.

B] For the same outcomes, subjects using PC/DDBIS will take
longer to reach a decision than those not (due to the
greater use of information and the more thorough decision
process followed).

C] The use of PC/DDBIS leads to more complete following of
the ideal decision process which results in more time
taken to reach a decision compared to subjects not using
PC/DDBIS; when computer literacy and outcome are
controlled.

Decision Effectiveness

Sound decision-making requires two qualities. One is the concept of
decision efficiency mentioned above. The other is effectiveness. Janis
and Mann [1977] argue that outcomes may be influenced by uncontrollable
or random events and, so, are not a valid measure of the decisions

effectiveness. In the experimental condition in this research, namely the
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use of a DSS, the outcome could not be influenced by random or
uncontrolled events. Therefore, it is appropriate to use the outcome

measure as a valid measure of decision effectiveness.

Hypothesis 4

A] The use of PC/DDBIS results in more favorable outcomes
as measured by generated profits when conditions of
management experience and computer literacy are held
constant.

Bl The wuse of PC/DDBIS results in more of the

decision-makers reaching an optimal decision than when
using printout technology.

Independent Variables

There are independent variables that effect these hypotheses. These
were discussed previously in connection with expert decision makers. The
survey of the literature has revealed that decision-making in
organizations is influenced by a number of factors other than computer
technology and information.

This study investigates four variables - Computer Literacy,
Managerial Experience, Decision-Making Skill and Production Planning

Experience as independent variables.

Computer Literacy and Decision Efficiency/Effectiveness

The higher the computer literacy the more likely the manager is to
accept the new technology and the more successful (s)he is likely to be

in using it. This result is hypothesized in the following way.
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Hypothesis 5

A] Subjects with high COMPUTER LITERACY and using
PC/DDBIS will produce a higher outcome than 1] subjects
with low COMPUTER LITERACY using PC/DDBIS and 2]
subjects not using computers.

B] In terms of decision efficiency, the greatest difference
between subjects using PC/DDBIS and those not will be
among managers in the high computer literacy group.

C] In terms of decision effectiveness, the greatest differences
between subjects using PC/DDBIS and those not will be
among non-managers in the high computer literacy group.

D] The greatest improvement in decision-making performance,
comparing subjects with PC/DDBIS and those without, will
be among non-managers in the high computer literacy
group.

Expert Decision-Makers and Decision Effectiveness

This current study poses an interaction between the wuse of
PC/DDBIS and the expertness of the decision-maker. The expert
decision-maker becomes more efficient more quickly than the non-expert.
An opposite view is proposed in the case of effectiveness. The expert
shows no improvement in effectiveness of decision-making when using
PC/DDBIS because (s)he reaches a better decision regardless of
technology. On the other hand, the non-expert decision-maker welcomes
the assistance provided by PC/DDBIS and shows an increase in decision
effectiveness. These conclusions can be stated in the form of hypotheses

as follows.



Hypothesis 6
A]

B]

Cl
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Expert decision-makers exhibit improved efficiency but no
méprovement in effectiveness of decisions when using
PC/DDBIS when computer literacy is controlled.

Expert decision-makers are equally effective in
decision-making whether using PC/DDBIS or conventional
printout technology.

Non-expert decision-makers show an improvement in the
effectiveness of their decisions but not in the efficiency
when computer literacy is controlled.

Expert Decision-Makers and Decision Efficiency

Hypothesis 7
Al

B]

Both expert and non-expert decision-makers show an
improvement in decision efficiency when using PC/DDBIS
compared to using Printouts; the degree of improvement
will be directly related to the level of computer literacy.

Expert decision-makers show greater decision efficiency
than non-expert decision-makers when using PC/DDBIS.

Subjects’ Perceptions of Skill and Performance in Personal Decision-

Making

In this study, an attempt is made to measure the managers’

perceptions of their decision-making skills and their job satisfaction.

Further, the study attempts to determine any linkages between the

managers’ self-perceptions of skill and their exhibited decision skills when

using PC/DDBIS. The hypothesis for this topic is that the ability to use

a computer-based system is perceived by subjects to be skill-enhancing.

It is further hypothesized that the degree of additional skill attributed to
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the ability to manipulate the computer system successfully will outweigh

any reduction in perceived skill due to lack of success in the decision

outcome realized. These hypotheses can be stated as follows.

Perceived Skill and Satisfaction with Managerial Performance

Hypothesis 8
Al

B]

Cl

Subjects rate themselves higher in skill and satisfaction
after completion of the experiment than they rated
themselves before; regardless of their actual performance.

Subjects using PC/DDBIS have a_ higher self-rating of
their decision skill and greater satisfaction than subjects
not using PC/DDBIS.

Subjects with high computer literacy using PC/DDBIS show
the greatest gain in self-rated decision skill.
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CHAPTER 5
METHODOLOGY

Overview

The basic form of this study is a field experiment. The
experimental group in this study has an integrated database system
available through a personal computer. The control group has the same
data in terms of quality and amount but presented in the form of
computer printouts which are made available on demand thus simulating

the conventional mainframe computer environment.

Sample Organizations

The experiments took place in nine different corporations situated in
two States during the summer months of 1985 and 1986. The corporations
were chosen on an opportunistic basis and no attempt was made to match
the organizations into two equivalent samples for the two experimental
conditions.  Instead the two experimental conditions were equally
represented in each of the experimehtal sites. All but one organization
were relatively large [employees 200-500]. The one organization was
small [less than 50 employees]. The details of the recruitment process

are in Appendix 1.
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Pilot Test

The experiment and the questionnaires were pilot tested using 16
subjects in two sites that were not used for the experiment. As a result
modifications were made to some of the screens in the software program
and to some questions on the questionnaire. The revised versions were
tested again on 8 subjects in a third site which was also not used in the

experiment.

The Experimenters

The principal experimenter was the author. A total of four other
experimenters took part. All four were graduate students, two from the

University of Arizona and two from Marquette University in Wisconsin.

The Sample of Subjects

All subjects were volunteers and not selected or nominated by the
corporations or by the experimenter. Nor were they selected at random
since the organizations cooperating were not willing to compel their
employees to participate. From the experimenter’s point of view willing
volunteers were preferable to conscripts even at the expense of random
sampling since the results were not going to be used to estimate

population statistics.
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None were paid by the experimenter but all took part in the
experiment on company time so there was no loss of earnings. The
individual results were not available to the company. Potential subjects
completed a self-report questionnaire just before the experiment. This
contained biographical and experiential information relating to their
computer experience, decision-making or management experience,
production planning experience as well as training in management or in
computer use. Subjects also completed a post-experiment questionnaire
and were de-briefed by the experimenters.

There are two classes of subject needed for the experiment, expert
decision makers and non-expert decision-makers. Operationally, this was
translated into "managers" and "non-managers" to the cooperating
organizations when they agreed to take part in the research. While the
fit between holding a managerial position and being an expert
decision-maker is far from perfect, it is suggested that it is a practical
solution to the experimental problem. Also, part of the data asked of
each subject was intended to measure managerial experience and decision
skill separately, even if only by sclf-report. An examination of the
results suggests that this assumption is upheld as valid. Each corporation
asked for volunteers from each of two groups of their employees - those
the employers classed as managers and those they did not class as
managers. In that sense the sample is stratified with non-purposive

self-selection within the two strata.
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The author’s view is that undergraduate students are not appropriate
surrogates for managers. Therefore, no students were used in this

research.

Sample Size

" The sample size was 124 subjects of whom usable data was collected
from 117 which is the experimental N. In a small number of cases [eight
or less], individual answers to some gquestions were missing. All
questionnaires with missing values were dropped from the analysis of the
variable where the value was missing but included in all other analyses.

The N in the major analyses ranged from 109 to 117.

Format of the Experiment

The experimenters worked in teams of two and spent from one to
four days, usually consecutively, at each site. The location of the
experiments was in a vacant office. Subjects were put through the
experiment singly with an experimenter present but seated behind the
subject. In the experimental condition a Compaq portable computer with
a 13" color monitor [CRT] was positioned on a desk at which the subjects
sat. The control group sat in a similar arrangement except they did not
have the computer or monitor. They worked with pencil, paper and a

hand-held calculator.
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The experiment was designed as a production scheduling and control
problem for a small fictional manufacturing company. All subjects were
given written background information about the company, its location and
its products. The subjects were also given documents placing them in the
role of a newly-appointed manager of the Production Control Department,
a brief job description and a description of the Company’s history of
Production Control performance as well as its current state. This was
followed by a statement of the specific decision problem, the importance
of dealing with the production control problem in terms of the subject’s
new career in his or her fictional role and a request that he or she begin
work immediately and report their solution to the problem preferably
within three hours of starting time or less. Copies of these briefing

documents are in the appendices.
Design of Documentation and the Data Collection Process

Four categories of briefing documents were given to subjects before,
during and after the experiment. Details of the documentation and
sample documents are included in Appendices 2 and 6.

In the experimental condition the computer program recorded all key
strokes by type for each subject separately. These data were printed out
at the end of each individual experiment by the experimenter after the
subject had left the room. The computer also timed each subject’s
experimental run and printed out start and finish times along with the

other data.
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In the control group, the experimenter recorded all the requests for
information, for simulations, the options tried, thz {inal option chosen as
the solution to this problem. The experimenter also recorded the
duration of the experiment. All these were recorded on a form
"Investigator’s Recording Form for Printout Condition" [Sample in the
Appendix 6].

The nature of the experiment was such that subjects obviously knew
what actions they were taking and the outcomes that resulted if they
asked for or ran the simulation model. The simulation results were either
generated by themselves on the CRT by the computer program or the
results were given to them in writing by the experimenters at the
subject’s request in the printout condition. No comment was made by
experimenters on the results obtained by the subjects.

Experimenters were instructed to switch on the PC and bring up the
first screen before any subject came into the experimental situation.
From that point on the subject had to execute all computer operations
unassisted. If they could not operate the computer they were to be told
how to exit and the failed attempt was to count as a valid subject. No
such cases were encountered. In designing the software great care was
taken to write the program and especially the screens in a very
user-fiiendly way. Comments made during the pilot test were

incorporated in the final program.
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Data Recorded

Information was collected from all subjects through self-report
questionnaires. Such survey instruments are subject to self-biassing error
but the effect of this will be minimal if there is internal reliability and
validity. Many of the questions were designed to be combined into a
number of rating scales representing managerial position, managerial skill,
production experience, computer literacy. The Alphas for these derived
variables are over 0.70 in all cases which suggests high internal validity.
The dichotomy into managers and non-managers was made by the
experimenters based on information provided by the subject before the
experiment started. This information came from the subjects description
of their actual work as stated in the pre-test questionnaire.

Among the personal data collected were data on subjects perceptions
of decision skills and managerial competence in both the pre- and
post-test questionnaires and of personal success in the experiment in the
post-test questionnaire only. The post-test questionnaire was also used
to collect subjects views as to the experiment itself, its realism and their

comments in general.
Experimental Conditions - Use of Computer
The experimental condition approximated to PC/DDBIS with a DSS

used to partially structure the problem and reduce the alternative

solutions to manageable numbers from an experimental point of view.
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The control condition involved the same problem and data base but the
information as to problem and operating statistics was supplied in
printout form. The printed material conformed to the screens of the DSS
word-for-word [apart from the computer execution commands] as did the
options which were the same as in the experimental condition. In the
Control condition subjects could use a calculator to parallel the
computer’s built-in calculator. To duplicate the DSS’s simulator
capability, subjects in the Control condition were told the company
mainframe computer had a simulator routine. If they wished to use the
simulator to project the likely outcome of any decision they were
contemplating they had only to ask the experimenter to simulate their
choice of possible solutions. After a delay of two minutes, the
experimenter gave the subject the simulated results in printout form.
Bearing in mind that the experiment was testing the presence or absence
of a technology, the two conditions were as identical as possible in an

experiment.

Experimental Conditicns - Full and Limited Information

The use of a DDBIS implies a large volume of information. The
concept of information overload was created to highlight this situation
[Galbraith, 1977]. Although computers enable the individual to handie
large amounts of information, one could still ask whether or not
information overload was a relevant concept. Simon’s concepts of

"bounded rationality" and of "satisficing" [Simon, 1957] rather than
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optimizing might still prevail bearing in mind the volume of information
generated today. Accordingly, a further experimental condition was
introduced. The amount of information available to subjects would be
constrained to 50% of the total available. The total number of subjects,
whether using computers or printouts were divided into two groups. One
group had the full data set relating to the experiment. The other group
had only half the information. The deleted information related to earlier
years of historical data but did not reduce the type or scope of
information.

This gave a 2x2x2, 8-way experimental design. The experimental
conditions were 1] with computers vs printouts, 2] managers Vs

non-managers and 3] full vs limited information.

Design of the Experimental Problem

Using an actual problem existing in the course of daily business
would have introduced new variables of problem difficulty and
inter-company and inter-industry differences in complexity and
technicalities as well as subjects’ familiarity with the problem. These
variables would have confounded the measurement of the decision process
and its outcome with problem difficulty as well as individual experience
and training in each specific problem. Additionally, the experiment is
designed to measure differences in decision performance between managers
and non-managers. If actual problems had been used there would not

only have been considerable variance between problems within each group
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but also, probably, an order of magnitude in the difference in difficulty
of the problems between the managers and the non-managers. For these
reasons it Wés decided to give all subjects the same problem.

The problem had to be complicated enough to tax the abilities of
experienced managers yet within the capabilities of less experienced
non-managers. The solution adopted was to use a production scheduling
problem to which complications were added. The following complications
were included.

1. Three products manufactured and sold simultaneously.

2 Three products sharing common production facilities.

3. A make-or-buy decision existed for some components.

4 Vendors could supply certain components or products but not
all, but at an increase in manufacturing cost and a decrease in
profit.

The three products made unequal demands on production times.

Total production capacity was limited to less than the combined
total demand for all three products.

[# 4%,

7. Production facilities were subject to unpredictable breakdowns
leading to temporary loss of production; this could be
minimized by increased spending on maintenance.

8. Products had different profit margins.

The final solution was to be expressed in profit rather than production
rates or sales volumes. In that way the optimum solution could be found.
The construction of the problem is described in detail in the Appendix 3
- "Decision Support System".

The problem was intended to be realistic and complicated. To

achieve this subjects were given control over the make-or-buy decision



76
and the level of maintenance spending to eliminate production breakdowns
for each of the three products for the next financial year. Subjects
could not control incoming orders. Also, they could not change selling
prices. Orders were a function of present sales plus a long-term sales
trend and the backlogged order level lagged by three months.

The production function in the model was subject to a limiting
factor representing total machine capacity which was not given to the
subject. From this machine capacity a randomly generated factor was
subtracted intermittently representing machine breakdowns. This would
reduce the capacity in a month by ten per cent [but could be eliminated
if the subject chose to increase maintenance spending].

Another complication was that production of any product would
cease when inventory for that product reached preset levels. This meant
that capacity might go unused for a period for one or more products.
Conversely, incoming orders would not be shipped if there was no
inventory for that product so that profits would be negatively impacted.

The subject could chose to improve maintenance of the production
machinery. This would have considerably reduced machine breakdowns
and increase production but reduced profits by the cost of the
maintenance. The subject could also decide whether production of one or
two out of the three products would be made in-house or made by
vendors. This increased production volume but also increased product
cost. The combination of alternatives generated by the model resulted in
subjects having a choice of fifteen distinct strategies. [Each of the

fifteen resulted in a different profit outcome.
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Incoming customer orders, as far as the subjects are concerned,
were an uncontrollable factor although they were impacted positively and
negatively by the decisions made by the subjects; a fact that subjects
were aware of. For example, if a back order situation was allowed to
develop for a product it would negatively impact incoming orders three
months into the future. If all incoming orders were met on time then
future sales would be higher due to the rising sales trend.

The four basic decisions could be taken seperately, combined in any
permutation or the present situation could be left unchanged. That gave
each subject a choice of fifteen courses of action each one of which had
a unique profit outcome. This seemed to present a satisfactory level of
difficulty. A further realism was that, unlike many case studies, the
existing situation that the subjects were trying to improve was not
totally inefficient. As might be typical of many companies the existing
situation was 80% of optimum profit. Many of the options available to
the subjects would result in a reduction of profit from the present
situation. This meant that subjects could either improve the present
situation or make it worse depending on which course of action they
chose. This presented a more difficult decision than is often met in
classroom problems.

The details of the DSS are contained in Appendix 3. The data base
is described in Appendix 1.
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Operationalization of Variables

Categorical Variables

There were two categorical variables arising from the design of the

experiment.
Computer vs Printout i
Full Information V' Half Information

There were two other categorical variables needed to define
characteristics of each subject. These characteristics related to:

Manager vs Non-Manager )

Computer Literate vs Non-Computer Literate
For convenience, the categorical variable - computer literate - will be
referred to generally as Comlit.

In addition, four construct variables were created to measure
attributes of the subjects. These attributes were -

Computer Literacy [Literate]

Management Experience [Manex]

Self-reported Decision-Making Skill [Decskill]

Self-reported Production Management Experience [Proskill]
These construct variables were constructed by combining answers from
several questions where data was collected in scalar rather than
dichotomous form.

There were two determinations of the categorical variable Comlit

used in the experiment. In order to balance the sample, the
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experimenters determined the computer experience for all subjects before
they started the experiment. To do this the experimenters used the data
given by each subject on the pre-test questionnaire as to computer
experience. All subjects were classified as Comlit or non-Comlit.

During the statistical analysis another measure of computer literacy
was derived from the information given by each subject on both pre- and
post-test questionnaires. This was a construct variable and named
Literate. The construction of the construct variable Literate is given in

the succeeding paragraphs.

Categorical Variables - Computer Experience

One such construct variable was computer experience. For this,
three measures of computer experience were combined. One is a broad
measure of the number of applications and the respective frequency of
use of each over the past five years. Another is the personal use of, or
ownership of, terminals and PCs both at work and at home. This is
described in the following paragraph. A third is a second measure of the
number of programs and software applications used at work and at home
with some estimate of frequency of use. This question was differently
worded and repeated in a different part of the questionnaire to measure
internal reliability. These three measures were tested for covariance and
combined in a single scale.

It might be though that only computer literate subjects would

volunteer for this experiment. In practice, the corporations asked for
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volunteers for a business problem-solving test. Computers were not
mentioned until the subject came in the room.

It is quite possible that subjects who were computer illiterate could
have heard that the experiment involved using a computer from early
subjects and not volunteered. In practice, many of the subjects had no
computer experience or practically none. One or two had never touched
a keyboard before the experiment. That they functioned at all with so
little prior knowledge suggests that the experimental DSS was truly

user-friendly - which it was intended to be.

Construct Variables - Computer Ownership

This variable measures the possession or not of a personal computer
or the dedicated use of a PC or terminal in an organization or at home.

- Owns and uses PC currently

- Has exclusive use of PC or terminal at home or work but does
not own

Shares use of PC or terminal at home or work

Former user of PC or terminal but not currently

- Never used PC or terminal

Ll A AN £
!

Table 2 indicates that the majority of subjects [96%] had used a
PC/terminal before the experiment. Of the 35 subjects using a PC at
home, 17 had their own, 6 had one provided by their company and 9
shared one [presumably with a family member]. Of the 108 subjects using
PCs/terminals in their office, 31% had their own exclusive unit, 59%

shared a computer and 9% had someone else handle their computer work.
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TABLE 2

USE and OWNERSHIP of PCs by SUBJECTS

OFFICE HOME
i %

# %
ComBany PC on Desk 26 22 6 5
M wn PC on Desk 0 0 17 15
PC Used Not Shared 8 8 0 0
Shared PC Available 64 55 9 8
Others Do My Computer Work 10 9 3 2
Not Currently using PC 3 2 2 2
Never Used PC 5 4 79 68
TOTAL 116 100 116 100

Construct Variables - Training in the Use of

Computers and Systems

TABLE 3

CAREER TRAINING in COMPUTERS and SOFTWARE

# %
None 22 19
One or Two Courses 61 52
Three to Five Courses 20 17
More than five Courses 14 12
Total 117 100

This variable is measured by the number of training courses in

computer or system software operation tha: the subject has had.
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Training includes both academic MIS courses and in-house training in
organizations but made no attempt to differentiate between levels of
training in qualitative terms. Subjects are scored thus:

0 - no previous training

2 - one or two training courses/seminars
5 - three to five training courses/seminars
9 - more than five training courses/seminars

Table 3 indicates that the largest group of subjects had some, that
is 1 or 2, courses or seminars on computers or software in their career.

A third of the sample had received more training than this.

Dependent Variables

The outcome of a decision is usually believed to be the resulting
situation. However, as argued earlier, this is often influenced by factors
other than those weighed by, or influencing, the decision-maker.
Therefore, the decision process itself is held by some to be the best
measure [Janis & Mann, 1977]. It can be argued that modern computer
technology restores the outcome as a measure of decision effectiveness
since computer technology has the capability of making the
decision-maker better able to combine, evaluate and, above all, simulate
possible options to a4 decision but there would still be other external
factors that could influence the outcome of the chosen course of action.
In this experiment, the use of a DSS simulator eliminated external
environmental forces from adversely affecting the decision as they would
in a real life situation. Therefore, outcome measures are a fair measure

of the quality of the decision in this experiment.
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In this study two main outcomes were recorded. They were [1] the
decision reached by each subject recorded in terms of simulated profit
earned for the company; [2] the 'time taken to reach the decision. It was
possible to also record some aspects of the decision process such as [3]
the amount of information accessed and [4] the number of simulations
tried. These latter two measures relate more directly to the Janis &
Mann concept of effective decision process while the previous two
measures of profit and time relate more to traditional measures of
decision effectiveness [Profit] and efficiency [Time to Decision]. They
can also be used to examine the concept of Information Overload in the

context of this problem situation.

Dependent Variable - Profit Earned

The model computed the effects of each of the fifteen different
options that each subject could select as the appropriate solution to the
experimental problem. These were expressed in dollars of profit and the
range was from $443 for one year to $18947 for one year. Because the
options provided for changes to be made in one variable or several at
once, the profit generated did not follow a straight line or smooth curve.
The increments in annual profit generated by the different options varied
from $137 to $9322. The actual profit was recorded by the computer in
the experimental condition and by the researcher in the control condition.

In the analyses this variable is identified as Profit.
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Dependent Variable - Time to Decision

In the experimental condition the computer clock recorded the start
and finish time for each subject and printed it out in hours and minutes
at the end of each subjects experiment. In the control condition, the
researchers used a watch to time each subject and recorded the elapsed
time on the results sheet. In coding, all times were reduced to minutes
which were the test data. In the analyses, this variable is identified as

Time.

Intervening Variable - Amount of Information Requested

A record was kept of the total amount of information used measured
in terms of number of individual tables requested. In the computer
conditions these came up as individual screens - for example, one screen
would contain the data on Orders, Back Orders and Sales [Shipments] for
one product for twelve months of one past year and were recorded
automatically. In the Control [printout] condition each printout page was
identical with one particular screen. The experimenter kept count of the
number of individual pages of printout requested by each subject. In the

analyses, this variable is identified as Information Used [INFO USED].

Intervening Variable - Number of Simulations Run

Subjects in both the experimental [COMPUTER] condition and the

control [PRINTOUT] condition could simulate the results of their
decisions in terms of projected annual profit. In the COMPUTER

condition the results were shown on a screen which the subjects could
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store for later analysis in the "Scratchpad" part of the program. In the
PRINTOUT condition the simulation result was handed to them on a paper
by the experimenter [after a two minute delay]. The actual number of
simulations run was recorded in both conditions. In the analyses, this

variable is identified as Simulation.

Construct Variables

Construct Variable - Computer Literacy

This is a composite of nine independent variables being the answers
to some of the questions in the pre-test questionnaire. For reliability
purposes similar information was collected in different questions. The
details of the construction of this variable are given in Appendix 4.

For the nine and for all other scales and subjective values given in
answers, the raw data were converted into separate Z-scores for each
question in order to normalize the distribution of the data. A reliability
analysis was performed with a resulting Alpha for this variable of 0.7504
[n=112] which indicates a satisfactory degree of internal reliability in the

data.

Construct Variable - Managerial Experience

Although subjects were categorized as Managers or Non-Managers at
the time of the experiment, data was collected from all subjects as to
their present and previous management experience. Relating to their
present position, one question asked for the size of budget for which the

individual was responsible. The answer for this was closed-ended with
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five options ranging from "no budget" to "Over $1 million". These were
coded from 0 to 4. The answers ranged from 68% having no budget
responsibility to 8% having responsibility for budgets of over $1 million

Subjects were also asked how long they had held previous jobs that
they described as "Managerial". The answer dealing with managerial
experience was required in years and months and coded in total months.

The initial coding by the experimenters at the time of starting the
experiment of "Manager" and "Non-manager" was coded 1 and 2
respectively.

These three variables were converted into separate Z-scores and a
reliability coefficient calculated. This Alpha was 0.7172 [n=114] which is
an indication of satisfactory internal reliability and a suggestion that the

original classification of '"Managers" and "Non-managers" can be upheld.

Construct Variable - Decision-Making Skill

This is a self-report variable. Subjects were asked two questions.
The first question related to their opinion of themselves as a

"management-decision maker". They scored themselves on a seven-point

scale anchored with 1 = "Will improve with experience" through 4 =
"Comparable to other managers around me" to 7 = "Qutstanding". This
question had a mean value of 4.284 and a S.D. of 1.531.

The second question asked for their "present performance as a
"manager". This was a similar seven-point scale anchored with the same
wording as the first question. This question had a mean value of 3.973

and a SD of 1.988.
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A reliability coefficient was calculated for these two questions.
Alpha was 0.824 [N=111].

Construct Variable - Production Planning Skill

As the experiment was set up in the form of a production planning
problem it was necessary to find out what experience subjects had in
production management. This could confound the experimental results.
Two questions were asked. In question 12 subjects were asked for their
experience in years and months of work that could be described as
production planning or scheduling. A description of seven functions
related to production planning was included in the question. If subjects
could identify four of them as being connected with their past work they
should class it as Production Planning and state the length of time they
were engaged in such work. The answer was converted into months. In
the total sample, 53% reported some production planning experience in
their career.

A second question [13], asked for experience in handling production
problems. This was a closed-ended question with four options rangingg
from "no experience" to more than five separate experiences. The four
options were coded 0, 2, 5, 9.

Z-scores were computed for these two variables. A reliability test
was run. The resultant Alpha was 0.7396 [N=116].
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CHAPTER 6
EXPERIMENTAL RESULTS

Statistical Analysis

The experimental conditions were related to Computers, Information

Level and Managers giving a 2 x 2 x 2 design.

Manager Vs Non-Manager
Computer Vs Printout
High Info Level Vs Low Info Level

There were two Categorical [Dummy] variables -

Manager ) vs Non-Manager
Computer Literate vs Non-Literate

This categorization was carried out by the experimenters based on
information provided by the subjects at the time of the experiment. For
brevity and convenience these variables are referred hereafter as
Manager, Computer, Info Level and Comlit.

The experiment yielded two measurable dependent variables which
were -

Time to Decision [Time]
Profit earned [Profit]

and two Intervening variables -

Amount of Information requested [Info Used]
Number of Simulations run [Simulations]

Again for brevity and convenience these variables are referred to

hereafter as Time, Profit, Info Used and Simulation.
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Construct Variables or parameters were created to measure four
characteristics about each subject which related to the hypotheses in the
study. The characteristics were -

Computer literacy [Literate]

Management Experience [Manex]

Self-reported decision-making skill [Decskill]

Self-reported production management experience [Proskill]

The abbreviated descriptors shown above are used hereafter when
referring to these variables.

As already mentioned, the experiment itself was run in two
conditions; Full information and Half information. This experimental
condition was named High/Low Info Level to indicate that the level of
information available was different in two experimental conditions. It is

referred to hereafter as Info Level.,

Coding of Questionnaires

Details of the method of coding and checking questionnaires is set

out in Appendix 5.

Computer Analysis System

Data were analyzed on a mainframe computer using SPSS-X Version

3.3 updated through June 30, 1990. Details of the analysis are in
Appendix 5.
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Reliability Tests

There are four construct variables. They are constructed by
combining data from several questions on the pre-test questionnaire. The
metric in individual questionnaires differed. @ Some questions were
open-ended frequency answers, others were coded from 0 to 9, others
were scales valued from 1 to 7. In all cases the raw data were
transformed into Z-scores. This normalized the distributions of individual

questions and resulting parameters.

TABLE 4

RELIABILITY COEFFICIENTS FOR CONSTRUCT VARIABLES

COMLIT

N=112. ALPHA 0.7504  [with 1 item deleted] 0.6932
MANEX

N=114 ALPHA 0.7172  [with 1 item deleted] 0.6158
DECSKILL

N=111 ALPHA 0.8240

PROSKILL

N=111 ALPHA 0.7396

The details of the construction of these four construct variables are

shown in Appendix 5. The results and reliability scores are shown below.



Statistical Techniques Used

Regression

An early test was to see if multicolinearity existed between any of
the variables both dependent and independent.
Coefficients were calculated between the four main dependent variables -

Time to Decision, Amount of Information Used, Number of Simulations

Pearson Correlation

Run and Profit Generated - and the four independent variables.

TABLE 5

CORRELATION COEFFICIENTS BETWEEN VARIABLES

VARIABLES 2 3 4 5
1 Time 224 .402 .072 418
(.01 (.001) (.235) (.00D)
2 Info Use -.132 124 118
(.086) (.101) (.108)
3 Simulations .332 221
(.001) (.011)
4 Profit 139
(.077)

5 Manex *

6 Literate **

7 Proskill ##*
8 Decskill ##*

* Management experience (construct var.)
*#*  Computer literate (construct var.)

6

127
(.096)

.058
(.270)

-.081
(.202)

059
(.272)

-.012
(.450)

##k  Production planning experience (construct var.)

Rk PDecision skill (self-rated construct var.)

7

325
(.001)

-.050
(.298)

J15
(.001)

123
(.104)

.685
(.001)

-.073
(.219)

8

121
(.113)

-.052
(.297)

195
(.024)

320
(.001)

451
(.001)

-.061
(.261)

415
(.001)
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The most important question to answer is whether the two
dependent variables, Time and Profit, are independent of one another.
The Table shows the correlation between Time and Profit as r= .0723,
p=.235. The dependent variables are independent and can be analyzed
separately.

Among the intervening variables, Profit has a significant positive
correlation only with Simulations [r= .3316, p<.001]. Among the construct
variables Profit is related to Decskill [r= .3204, p<.001].

Time has a number of significant correlations; Info Used [r= .2244,
p=.01], Simulations [r= .4019, p<.001], Manex [r= .4177, p<.001] and Proskill
[r= .3254, p<.001].

The two intervening variables, Info Used and Simulations have a
slight negative correlation [r= -.1318, p=.086].

Among the construct variables there are several significant
correlations. Manex and Decskill are positively correlated [r= .4510,
p<.001] as is Manex and Proskill [r= .6850, p<.001]. Similarly, Proskill and
Decskill have a positive correlation [r= .4152, p.<001]. There is also a
positive correlation between Proskill and Simulations [r= .3148, p<.001].
Similarly, Decskill has a positive correlation with Simulations [r= .1951,
p=.024].

Computer Literate which was a construct variable, had no significant
correlations in the analysis.

Similarly, the categorical variable Comlit, has very little association

with any of the other measures in the experiment.
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As already mentioned, the independent wvariables are truly
independent. The intervening variables are negatively correlated. This is
counter-intuitive since it suggests that the more information used the
fewer simulations are run. This point will be discussed in the main
findings.

The correlations among the construct variables suggest internal
consistency in that subjects rating themselves high in management
experience also rate themselves high on production skill and
decision-making skill. Both production skill and decision skill are
correlated positively and significantly. This suggests auto-correlation
between these particular construct variables which might diminish the
validity of some experimental conclusions. These results show strong

internal reliability in the data.

Determining If An Experimental Result Exists

The first task was to determine if an experimental effect was found
in the experiment. To this end, a series of Analyses of Variance
[ANOVAs] were run in the main experimental conditions of
Computer/Printout and High/Low Information Level [EXP] with four
dependent variables. The results are shown in Table 6. Obviously, an

experimental effect exists for each variable taken on its own.
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TABLE 6

SIGNIFICANT RESULTS From ANOVAS of
MAIN EXPERIMENTAL CONDITIONS

EXP and Time F[3,103] = 7.799, p<.00]**
EXP and Info Used Fi3,1111 = 2.780, p=.044*
EXP and Simulation F(3,105] = 15.895, p<.001%*
EXP and Profit F(3,104] = 2.715, p=.048*

In order to see if the Info Level condition produces a significant result
independent of the main experimental condition of Computer/Printout a
Multivariate Analysis of Variance [MANOVA] was performed using only
subjects in the High Info level condition but with both Computer and
Printout. This was compared to the results of a similar MANOVA from
all subjects - that is those with both High and Low Info Level. The

results appear in Table 7.

TABLE 7

MANOVA RESULTS for EXPERIMENTAL CONDITIONS on TIME
and PROFIT by EXPERIMENTAL EFFECTS and MANAGER

High + Low High Only
MANOVAs Info Level Info Level
F p F p
EXP Profit 2.3454 .079% 8.3654 .006%*
[4,79] Time 4.0168 .010%* [1,54] .0000 1.000
Manager Profit 4.5927 .035% .2753 .602

[1,79] Time 1.1494  .287 [1,54] .6391 428
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Table 7 shows that there were significant results for Profit in both
analyses but for Time in the High/Low Info Level combined analysis only.
The level of information provided does have an effect on Time taken.
Looking at the Manager variable the High Info Level only analysis shows
no significant result but the combined High/Low sample has a significant
result for Manager. In part, this may be the result of the smaller sample
in the High Info Level only analysis. However, the indication is that
Info Level is a variable worth retaining separately in further analyses.
The intervening variables, Info Use and Simulation, were examined in
turn. There was a significant main effect for Simulation, F{3,69] =
29.895,p<.001 but not for Info Used, F = 0.796,p=.376. The correlation
analysis showed significant correlations between Simulations and both

Profit and Time. Info Use showed no significant correlations.

Analysis for Experimental Effects

It has already been established that the two Independent and the
two Intervening variables produced significant results. The next step was
to deal with the two dependent variables together in the Experimeﬁtal
Condition [EXP] of Computer/Printout with High/Low Info Level and
between Managers and Non-Managers [Manager]. MANOVAs were used to
test for overall significance of results. The first MANOVA dealt with the
dependent variables Time and Profit in the Experimental Condition. This

indicated significant results for Time, F=[4,79] = 3.4273,p=.012 and Profit,
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F = [4,79] = 2.5789,p=.044. This demonstrates that there is an
experimental effect with both dependent variables.

This analysis also indicated significant covariation between Time and
Manager, [t=2.9470,p=.004], and between Profit and Decskill [Decision
Skill], [t=2.8041,p=.006]. There is obviously more than a simple
experimental effect present.

Since the dependent variables are independent of each other,
subsequent analyses were conducted by a series of ANOVAs to test the
relationship between each of the dependent and intervening variables of
Time, Profit, Info Used and Simulations individually with the experimental
condition, EXP, and subsequently with the construct variables shown
below. The following combinations of experimental conditions, construct
and categorical variables were tested - EXP, Comlit, Manager with
construct variables Manex [management experience], Decskill [decision
skill], Proskill [production planning experience] and Literate [computer
literacy]. The significant results from these ANOVAs are summarized in
Table 8. The non-significant results are omitted.

Having dealt with the construct variables the analysis turned to

dependent and intervening variables separately.



TABLE 8

ANOVAS of EXPERIMENTAL CONDITIONS by DEPENDENT and

CONSTRUCT VARIABLES

PROFIT

Main Effect - Manager
2-Way Interaction - EXP x Manager
3-Way Interaction - EXP x Manager x

Comlit
Covariate - Decskill
Time
Main Effect - EXP
Covariate Manex
SIMULATIONS RUN
Main Effect - EXP

3-Way Interaction
P x Manager x Comlit

Covariate Proskill
INFO USED
Main Effect - EXP

3-Way Interaction
EXP x Manager x Comlit

FI],IOI% = 3.584, p=.062
FI3,101] = 2.928, p=.028*
F[2,101] = 5.071, p=.008%*
F{1,101] = 9.088, P=.003%**
F[3,98] = 6.309, P=.001**
F[1,98] = 9.807, P=.032**

F[3,98] =11.472, p<.001**

F[2,98] = 4.042, p=.021*
F[1,98] = 4.916, P=.029*

F[3,104] = 2.984, p=.036*
F[2,104] = 3.219, p=.049*

NOTI;Z:

variances.

2. Significance of 3-way interactions may be due to small cell

frequencies and are suspect.

All these ANOVAS have significant levels of explained

Main Experimental Effect - Profit

An ANOVA for Profit with the main experimental effects [EXP] and

construct variables Manager and Comlit was carried out.

The main
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results of the ANOVA are given in Table 9. This shows a significant
amount of explained variance, F[18,101] = 2.400, p=.004. There is a
marginally significant main effect between Profit and Manager, F[1,101] =
3.584,p=.062 and a 2-way interaction between EXP and Manager, F[3,101]
= 2.929,p=.038. This is suggestive of a significant experimental effect for
the underlying thesis of this experiment.

There is another significant relationship between Profit and the
covariate Decskill, F[1,101] = 9.088,p=.003. There is also a three-way
interaction between Profit and EXP x Manage x Comlit F[2, 101] =
5.071,p=.008. While this is intriguing and goes to the heart of the
experiment it must be treated with caution because of the small sample
size and consequent small cell sizes.

A MANOVA was run with Profit and Time as the dependent variables
and the three independent variables of principal interest in the
experiment, namely, Experimental Condition of Computers/Printouts with
Info Level [EXP], Computer Literacy [Comlit] and Manager/Non-manager
[Manager]. The experimental factor Info Level is included in EXP so the
analysis was 4 x 2 x 2. The results are shown in Table 10.

The results in Table 10 mirror the earlier regression results. The
experimental condition, EXP, produces a significant result at the .01 level
for Time. Manager produces a significant result at the .035 level in the
analysis with Profit as the dependent variable. Again there is a
significant 3-way interaction for which the earlier caveat about small cell

sizes must be repeated.
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TABLE 9

ANOVA of PROFIT by EXPERIMENTAL CONDITIONS,
COMPUTER LITERACYyand MANAGER with COVARIATES

Source of Variance F P
MAIN EFFECTS

Experimental Factors 1.864 .142
Manager/Non-Manager 3.584 .062
Computer Literacy [Categorical Var] .032 .858
2-WAY INTERACTIONS .

EXP x Manager 2.928 .038*
EXP x Comlit 827 483
Manager x Comlit .002 .963
3-WAY INTERACTION

EXP x Manager x Comlit 5.071 .008**
COVARIATES

Management Experience .067 797
Computer Literacy [Construct Var] 1.845 178
Decision Skill 9.083 .003#*
Production Control Experience .002 .966
EXPLAINED 2.400 .004#*

To take the analysis for Profit further, an ANOVA was run for
Profit with the independent variables, EXP, Manager, Comlit, Decskill and
Proskill. The results are shown in Table 11 and the significant results
are summarized in Table 12.

The 3-way interaction carries the caveat which was previously

mentioned about small cell sizes. The 3-way interaction should be treated
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as supportive rather than significant. To examine this further, the cell

means were calculated and the results are given in Table 13.

TABLE 10

MANOVA of DEPENDENT VARIABLES
with PRINCIPAL INDEPENDENT VARIABLES

Significant Results Only TIME PROFIT
F P F P

EXP [3,791 4.0167 .010% 2.3454 .079

Ivianager [1,79] 1.1494 287 4.5927 .035%

Computer Literacy [1,79] .8088 371 6120 .436
EXP x Manager [3,79] 4754 .700 1.8208 .150
EXP x Computer

Literacy [2,79] .0506 951 .6002 551
Manager x Computer
Literacy [1,79] 1.0046 .319 1.4903 .226

EXP X Manager X
Computer Literacy [2,79] 1.4087 .251 4.5696 .013*

Examining first the 2-way interaction - EXP x Manager - we find
that subjects with Computers had almost identical average Profit results
as subjects with Printouts [$14039 vs $14132). Managers, as would be
expected, performed better than Non-Managers using conventional
Printouts [$14897 vs $13183] but when the two groups were given
Computers, the performance of Managers fell off while that of
Non-Managers improved by 16% [$15111 vs $13018]. In fact, Non-Manager
performance improved to the point where they were not only better than
Managers with Computers but also better than Managers with Printouts
[$15111 vs $14897].
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ANOVA of PROFIT by EXPERIMENTAL CONDITION,
COMPUTER LITERACY and MANAGER with COVARIATES

Source of Variance
MAIN EFFECTS

Experimental Conditions
Manager/Non-Manager )
Computer Literacy [Categorical Var]

2-WAY INTERACTIONS

EXP x Manager
EXP x Comlit
Manager x Comlit

3-WAY INTERACTION

EXP x Manager x Comlit
COVARIATES

Management Experience

Computer Literacy [Construct Var]
Decision Skill

Production Control Experience

EXPLAINED

F

1.864
3.584
.032

2.928
827
.002

5.071

.067
1.845
9.083

.002

2.400

142
062
.858

.038*
483
.963

.008**

197
178
.003**
.966

004+
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TABLE 12

ANOVA of PROFIT with INDEFENDENT VARIABLES

SOURCE OF VARIANCE F p
Significant Results Only
MAIN EFFECT - Manager 3.584 .062

2-WAY INTERACTION - EXP x Manager 2.928 .038*

3-WAY INTERACTION
Computer x Manager x Computer Literate 5.071 .008#*

EXPLAINED VARIANCE 2.400 .004%*

It is also noticeable that subjects with High Info Level outperformed
those with Low [$14853 vs $12607]. The interaction is again interesting.
In the High Info Level condition and using Printouts, Managers were the
top performing group. The comparable group of Managers using
Computers were handicapped [-12%]. However, Non-Managers when using
Computers were greatly improved in performance compared to their
counterparts using Printouts [+14%]). In the Low Info Level condition
both Managers and Non-Managers performed less well when using
Computers compared to Printouts. Particularly noticeable is the poor
performance of subjects with Computers when only given Low Info Level
[$8852].
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PROFIT by EXPERIMENTAL CONDITIONS by MANAGER

by COMPUTER LITERACY

CELL MEANS in $

Managers
Non-managers

Information Level - High
- Low

High
Low

Computer Literate

Total

Comlit High - Managers
- Non-managers
Total

Comlit Low - Managers
- Non-managers
Total

Info Level High - Managers
- Non-managers
Total

Info Level Low - Managers
- Non-managers
Total

13018
15111

14760
8852

14187
13428

14039

13106
15336
14187

12643
14213
13428

13640
16159
14760

580*
10920
8852

14897
13183

14957
13233

14045
14389

14123

15183
12808
14045

14101
14909
14389

15451
14235
14957

14195
12272
13233

COMPUTER PRINTOUT TOTAL

14179
13987

14853
12607

14103
14039

14090

14343
13845
14103

13652
14599
14039

14522
15296
14853

13344
11987
12607

* Inadequate cell size

Earlier analyses showed no significant interactions for Comlit with

either Manager or Non-Manager - and it might have been expected to be

a factor with non-managers. Neither was there a significant interaction

with the EXP main effect. In the light of the overall lack of

significance, the significant three-way interaction shown in the ANOVA
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might be a reflection of the two-way interaction. To examine this idea,

one turns to the two-way table of cell means in Table 15.

The cell means suggest that -

1.

Managers [$14179] outperform Non-Managers [$13987] marginally in

terms of profit generated.

Having a High Info Level [$14853] produces better Profit results
than a Low Info Level [$12607].

This applies both to those with Computers [$14760 vs $8852] and
those with Printouts [$14957 vs $13233] -

Simulations are associated with higher Profit but only among those

using Printouts - which may be an artifact of the experiment.

The amount of Info Use by subjects had little direct effect.
Subjects with Computers tended to use more than those with
printouts. Subjects in the Low Info Level tended to use more
information from the limited amount available, possibly to
compensate. The interaction of Info Level by Info Use is significant
and suggests that the effective decisions occur in Low Info Level
conditions when there is a Median Info Use, particularly for
Managers. In the Low Info Level subjects with Computers appear
handicapped [$8852 vs $13233]. Small cell sizes make this last result

suspect.
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6. Comlit was not significant overall but the table of means suggests
internal logic in the data if not statistical significance. Taking
subjects with Computers only, the High Comlit subjects outperformed
the Low Comlit subjects $14187 to $13428. Importantly,
Non-Managers with High Comlit and with a Computer outperform
their counterparts with Printouts $15336 to $12808. Further support
for this view comes from the fact that Non-Managers with Low
Comlit do less well using Computers than when using Printouts
[$14213 vs $14909].

7. The Computer overall produces no effect on Profit [no main effect]
but this is misleading. Managers do less well with a Computer
[$13018] than without [$14897] but Non-Managers with a Computer
[$15111] outperform Managers whether the Managers have a
Computer [$13018] or use Printouts [$14897]. For this there is a
significant interaction effect. Non-Managers in the High Comlit
condition [$15336] outperform Managers in general, and their
counterparts using [Printouts]. They also outperform Non-Managers
with Printouts [$13183]. In fact, the highest cell mean overall is
for Non-Managers with Computers in a High Info Level condition
[$16159].

Unfortunately, some of these results are not significant due to small

cell sizes.
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The issue of the relatively poor performance of Managers with
Computers [$13018] compared to either Managers without Computers
[$14897] or Non-Managers with Computers [$15111] deserves comment. It
might have been a question of an "expert" effect. It could be that
Managers were confident of their ability to solve the problem - witness
their counterparts’ performance in the Printout condition. When given a
Computer they may have been intrigued by the software to the detriment
of their decision-making performance. However, Managers only took 38
minutes as a group to solve the problem when using a Computer compared
to 49 minutes when using Printouts [Table 16A]. Comlit is not the
explanation either since both High and Low Comlit Managers show the
same trend to poorer performance in the Computer condition. A more
likely suggestion is that Managers were on familiar ground using
Printouts. This was quite possibly the mode in which most of their
decision-making was undertakeh on a daily basis. When they had to shift
to the Computer the strangeness of the computer system offset their

decision-making skill.
Main Experimental Effect - Computer Literacy

There were two variables used to measure computer literacy in this
experiment. One was Comlit, the classification of subjects into Computer
Literate and Non-Literate by the experimenter based on the pre-test
questionnaire. The other was Literate, the construct variable derived from

the same information. It is worth noting that neither measure of
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Computer Literacy approached significance in this analysis. Comlit does
not appear to be a significant main effect in relation to Profit in this

experiment nor was Literate ever a significant covariate.
Main Experimental Effect - Time

In an ANOVA of Time by EXP, Manager and Comlit with the
construct variables as covariates, the explained variance was significant,
F[9,97] = 4.868, p<.001. The analysis shows a main effect for EXP,
F13,98] = 6.309,p=.001. There is also a significant effect for Time with
the construct variable Manex, F[1,98] = 9.807,p=.002. These data are
shown in Table 14.

Based on the ANOVA in Table 14, the relevant cell means were
extracted and summarized in Table 16A shown later. The results of that
analysis are discussed later but small cell frequencies limit the
significance levels in some cases.

Having found a significant result overall in Table 14, it is
appropriate to see where the effect lies. To this end the mean Time for

decisions in the main variable conditions is set out in Table 15.
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TABLE 14

ANOVA of TIME by EXPERIMENTAL CONDITIONS,
COMPUTER LITERACY and MANAGER with COVARIATES

SOURCE OF VARIATION F p
MAIN EFFECTS

Experimental Conditions 6.309 .001%*
Manager/Non-Manager 025 874
Computer Literacy [Categorical Var] 2.046 .156
COVARIATES

Management Experience 9.807 .002%*
Computer Literacy [Construct Var] 1.429 235
Decision Skill 541 .464
Production Control Skill ‘ 1.519 221
EXPLAINED VARIANCE 4.868 .000**

The first result shows that Computers allow decisions to be taken
quicker with means of 35 minutes versus 46. This is a saving of 24% and
this result is significant.

Compared to an average time of 42 minutes for the whole sample,
subjects in the High Info Level took 43 minutes compared to 38 minutes
for Low Info Level. This difference is significant. Apparently, the
more information available the longer subjects took to reach a decision.
This is unsurprising but reassuring in terms of internal validity.

The real impact of Info Level and Computers is in Part B of Table
16A. In the Low Info Level condition, using a Computer saved 10% of
the time compared to using Printouts. However, in the High Info Level

condition the savings in Time was 34%. This suggests that the relative
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efficiency of the Computer may be a function of the amount of data to
be processed.

TABLE 15

TIME by EXPERIMENTAL CONDITIONS by MANAGER
by COMPUTER LITERACY

CELL MEANS in MINUTES COMPUTER PRINTOUT TOTAL

Managers 38 49 44%
Non-managers 30 43 38*
Information Level - High 35 53 43*
- Low 35 39 38*

Total 35 * 46 * 42
High Computer Literacy 35 46 42
Low Computer Literacy 32 46 41
Manager - Computer Literate - High 40 48 44
- Low 31 52 45

- Total 38 49 44

Non-mgrs - Computer Literate- High 29 44 39
- Low 34 38 37

Total 30 43 38

Managers - Info Level - High 38 56 47
- Low 31 39 39

' Total 38 49 44
Non-managers - Info Level - High 29 48 38
- Low 37 - 38 38

Total 30 43 38

* Significant Main Effects
Earlier, it was shown that Managers performed better - were more

effective - using Printouts. The data on Time indicates that Managers
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took longer - 49 mins with Printouts compared to 38 mins with
Computers. When looking at Profit, it will be remembered that the
interactions produced the interesting results so Table 15 shows
comparable tabulations for Time as Table 13 showed for Profit. It was
the Non-Managers with High Comlit who produced the highest Profit.
They also did so in the least time [29 mins]. So, spending more Time
does not lead to a more effective, i.e. profitable, decision. This explains
the lack of correlation between the variables Profit and Time.

Bringing Info Level into the analysis again and remembering that it
has the effect of increasing the Time required as the Info Level rises,
only Non-Managers in the High Info Level improved their Profit
performance when using the Computer compared to Printouts. The same
group produced these better Profit results in the shortest Time [29
minutes]. Time is not the resource that enables users to maximize their
performance on Computers. Rather, it can be inferred that Computers
enable effective users to reach their better results faster [-31% saving in
Time compared to the entire sample] through being able to handle the
larger volume of data available more easily.

Comlit has no effect on Time nor were any interactions generated
concerning Comlit. This is another reflection of Computer Literacy not

being a significant factor in this experiment.
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Main Experimental Effect - Simulations Run

TABLE 16

ANOVA of SIMULATIONS by EXPERIMENTAL CONDITIONS by
MANAGER by COMPUTER LITERACY with COVARIATES

SOURCE OF VARIATION F p
MAIN EFFECTS

Experimental Conditions 11.472 000+
Manager/Non-manager 1.488 226
Computer Literacy [Categorical Var] 1.307 723
2-WAY INTERACTIONS

EXP x Manager 936 427
EXP x Computer Literacy 1.091 358
Manager x Computer Literacy 866 .355
3-WAY INTERACTION

EXP x Manager x Computer Literacy 4.042 021*
COVARIATES

Management Experience .020 .888
Computer Literacy [Construct Var] 741 .392
Decision Skill .840 .362
Production Control Experience 4.916 .029*
EXPLAINED VARIANCE 3.524 .000**

There were two intervening variables. One was the number of
Simulations run by each subject. The theory being tested is that the
greater the number of Simulations the more efficient the decision process
and, hence, the better the outcome - in this case Profit. An ANOVA was
run for Simulations by EXP, Manager and Comlit with the construct
variables of Manex, Literate, Decskill and Proskill as covariates. The
results are given in Table 16.

This ANOVA has significant explained variance, F[18,98] = 3.524,
p<.001. There is a main effect for EXP, F[3,90] = 11.472,p<.001 with a
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three-way interaction with EXP x Manage x Comlit, F[1,98] = 4.042,p=.021
but this must be treated with the same reservation due to small cell sizes
mentioned earlier.  There is also significant covariation with Proskill,
F[1,98] = 4.916,p=.029. The absence of significant main effects for
Manager or Comlit or of significant interactions or covariations with
Manex, Decskill or Literate suggests that the number of Simulations run
played only a minor part in this experiment. The fact that Proskill is
the only significant covariate may be a function of the nature of the
problem [production scheduling]. However, Decskill which is positively
correlated with Proskill and which is a significant covariate of Profit is
not a covariate of Simulations. This tends to confirm the minor role of

Simulations in this experiment.

TABLE 16A

ANALYSIS of SIMULATIONS by EXPERIMENTAL CONDITIONS,
MANAGER and COMPUTER LITERACY

CELL MEANS - # SIMULATIONS RUN
COMPUTER PRINTOUT TOTAL

Information Availabie Level

High 0.08 5.06 2.39
Low 2.25 2.08 2.10
Total 0.29 3.78 2.31
Managers 0.13 4.03 2.37
Non-Managers 0.47 3.48 2.24
Computer Literacy - High  0.00 3.23 1.83
- Low 1.33 5.33 2.83
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Taking only the results that were significant in Table 16 [but
remembering the caveat about small cell sizes] it is possible to look at
some of these results where ceil sizes are reasonable. For example, in
the experimental effect - EXP - subjects in the Low Info Level ran about
the same number of simulations whether using a Computer or Printouts
[2.25 vs 2.08]. However, in the High Info Level, subjects with a
computer ran fewer simulations than subjects with Printouts [0.08 vs
5.06]. Total Simulations with Computers were 0.25 and with Printouts
werz 3.80. This could have been an artifact of the experimental
situation in that it may have been easier for subjects in the Printout
condition to ask for Simulations than for Computer subjects to key in

their requests. These results are shown in Table 16A.

Main Experimental Effect ~ Info Used

The second intervening variable was the number of tables of Info
Used. Strictly speaking, the variable is Information Requested but an
assumption has been made that if information has been requested it was
used.

An ANOVA was run for Info Used with EXP, Manager and Comlit as
the main effects with the construct variables as covariates. There is a
main effect with EXP, F[3,104] = 2.984,p=.036. There is also a three-way
interaction between Info Used and EXP x Manager x Comlit, F[2,104] =
3.219,p=.045. This is subject to the same reservation as mentioned above.

There is significant covariation with Manex, F[1,104] = 6.800,p=.011.
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ANOVA of INFORMATION USED by EXPERIMENTAL CONDITION,
MANAGER and COMPUTER LITERACY with COVARIATES

SOURCE OF VARIATION F
MAIN EFFECTS

Experimental Condition 2.984
Manager/Non-Manager 1.295
Computer Literate [Categorical- Var] 531
2-WAY INTERACTIONS

EXP x Manager .401
EXP x Computer Literate 105
Manager x Computer Literate 091
3-WAY INTERACTION

EXP x Manager x Computer Literate 3.219
COVARIATES

Management Experience 6.800
Computer Literate [Construct Var] .052
Decision Skill 972
Production Control Skill 3.191
EXPLAINED VARIANCE 1.460

p

.036*
.258
468

152
957
763

.045%

011*
821
327
.078

JA25

The significant main effect is explained in terms of cell means in

Table 18.
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TABLE 18

INFORMATION USE by EXPERIMENTAL CONDITION by MANAGER

CELL MEANS in Number of Requests
COMPUTER PRINTOUT TOTAL

Manager 7.91 8.06 8.00
Non-Manager 7.46 5.38 6.24
Information Available Level - High 7.03 5.70 6.41*
- Low 13.00 8.07 8.71*

Total 7.72% 6.80* 7.19
Manager - Info Available - High 7.59 7.53 7.56
- Low™ 15.00 8.73 8.47

Total 7.91 8.06 8.00

Non-Manager - Info Available - High 6.25 3.21 4.83
- Low 12.50 7.40 8.47

Total 7.46 5.38 6.24

* Significant Results

The actual cell means for the key variables are shown in Table 18. A
consideration of this table shows, first, that there was considerable
similarity between all groups. However, subjects in the Low Info Level
condition had more Info Use [8.71] than those in the High Info Level
[6.41]. This might have been compensating behavior. The highest Info
Use was by Managers [8.00], by Computer users [7.72] and by subjects
who were Comlit [7.57]. Looking at more detailed break-downs we find
the highest use among Managers with Computers in a Low Info Level
condition [15.00] and the lowest use among Non-Managers, with Printouts

in a High Info Level [3.21].
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In general, the highest Info Use was among Computer users in a
Low Info Level condition regardless of whether they were Managers or
not or Literate or not. The suggestion is that with less information
subjects compensated by using the Computer to access the reduced data
more intensively.

One further significant result, as mentioned earlier, comes in two
parts. One result occurred solely in the Low Info Level condition where
the greatest Profit was generated by subjects with a median Info Use
rather than high or low [[$16994 compared to $9904 or $11552]. In the
High Info Level condition the greatest Profit occurred with the maximum
Info Use.

Locating the Impact of Information Level

These analyses were made by using part of the experimental matrix.
One of the conditions addressed the issue of a Computer versus Printouts.
The second addressed the condition of Info Level. This gave a 2 x 2
design.

In each of the ANOVAs for Info Use, Simulations and Time there is
a main effect for EXP. The cell means in these cases are shown in Table
19.

The cells in Table 19 show the Time in minutes to reach a decision
in the experiment. Clearly, the group with Printouts in a High Info Level
condition took the longest time. The significant comparisons are with the

High Info Level/Computer and the Low Info Level/Printout conditions. In
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a High Info Level not having a computer handicaps the subjects. In the

Low Info Level condition the absence of a computer is less of a handicap.

TABLE 19

Impact of INFORMATION LEVEL on TIME, INFORMATION USED,
SIMULATIONS and PROFIT

CELL MEANS COMPUTER PRINTOUT TOTAL

A] TIME to DECISION

Information Level - High 34 52 43*
-Low 35 39 38*
- Total 35% 46* 42

B] SIMULATIONS RUN

Information Level - High .08 5.06 2.39%
- Low 22§ 2.08 2.10%
- Total 0.29* 3.78* 2.31

C] INFORMATION USED
No Significant Results

D]} PROFIT
No Significant Results

The cells in Table 19 also show the number of Simulations. In
terms of significant results only, with subjects using Printouts more
information leads to more Simulations. With Computers the results are
counter-intuitive. Subjects with computers in the High Info Level ran
practically no Simulations. As mentioned before, this may well be an
artifact of the experimental conditions since with a Computer the subjects
had to run their own simulation while in the Printout condition they had

only to ask but accept a two-minute waiting period for delivery. It may
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also account for the fact that simulations had little direct effect in the
experiment.

There were no significant main effects for Profit or Info Used by
Info Level. The conclusion is that Info Level played a significant part
in the experiment but its impact was limited to [1] the Time taken by
subjects in the Printout condition where the more information available
the longer the experiment took and [2] an interaction with Info Use [see

discussion under "Main Experimental Effect - Info Use"].

Subsidiary Experimental Effect - Decision Skills

Earlier, in the ANOVA for Profit by EXP, Manager and Comlit
[Table 11], the most significant result was the covariation for Decskill
[F=9.083, p=.003]. The correlation analysis demonstrated a positive and
significant correlation between Decskill and Manex (Management
Experience) [r= +.4510, p<.001]. The obvious question is: was the
experimental relationship between Profit and the Manager/Non-Manager
classification really a relationship between Profit and Decskill? We can
rule out Manex because while Table 11 shows a significant covariation for

Decskill the covariation for Manex is not significant [F=.067, p=.797].
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TABLE 20

PROFIT by DECISION SKILLS by EXPERIMENTAL CONDITIONS

PROFIT in $ DECISION SKILLS

LOW HIGH TOTAL
Computer 10498 14909 12895
Printout 11862 15959 13753
High Info Level 11715 15328 13761
Low Info Level 10822 16030 12607
Total 11350 15481 13397

To explore this further, an ANOVA was carried out using Profit as
the dependent variable and EXP and Decskill - converted into a dummy
variable using a median split of all the subjects’ Decskill scores. There
was only one significant result which was a significant main effect for
Decskill [F=13.034, p<.001]. Importantly, there was no interaction effect
even with a sample size of 110.

A MANOVA was carried out using Profit and Time as dependent
variables and Decskill as the dummy independent variable. There was no
significant result [for Profit, F=1.7227, p=.193] or for Time, F=.6229,
p=.431. Clearly, subjects who rate themselves high on Decskill perform
well in the experiment but they do so regardless of whether they have
Computers or Printouts. Decskill may be part of the reason why some
Managers do well in the experiment but it is not the only reason because
it does not explain the Non-Manager with High Comlit interaction. It is

not, in itself, the source of the variation.
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Subsidiary Experimental Effect - Other Construct Variables

The three other construct variables - Manex, Proskill and Literate -
did not have direct material roles. Manex had a subsidiary role in Time
and in Info Used. The more management experience subjects had the
more information they used and the more time they took. However,
information used was not associated with more effective decisions.
Proskill also had a subsidiary role. The more production experience the
subjects claimed the more Simulations they ran. Simulations were
associated with more effective decisions but only in the Printout
condition. Proskill, Decskill and Manex are correlated significantly in
this experiment but their effects displayed themselves in different and
very minor ways.

Litérate was the measure of computer literacy computed from the
reported computer experience reported by subjects in the pre-test
questionnaire. It was included in all four main ANOVAS and was
significant in none. Bearing in mind that using the categorical variable
of Comlit there was no main effect and the only significant effect was in
an interaction with Manager, it is not surprising that another measure of
the same dimension was not important. Prior to the experiment it was
hypothesized that computer literacy would be a key variable in an
experiment concerning the use of computers in comparison to printouts.
The result was unexpected. There was only one significant result for

Computer Literacy and that was to facilitate the improved performance of
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Non-Managers when using Computers. This may well be of considerable

importance in practical terms.

Subsidiary Experimental Effect - THREE-WAY INTERACTIONS

The common thread in these analyses is that there are main effects
in all four variables, two involve EXP the experimental effect and two
involve Manager the key area of investigation. Manex is also a covariate
in two of the four variables.

Finally, EXP, Manager and Comlit combine three times in 3-way
interactions with significant F-values. This repetition may partly offset
the caveat about the significance of 3-way interactions with the small
cell sizes in parts of this experiment. In the ANOVA with Profit as the
dependent variable, the 3-way interaction shows that Non-Managers with
High Comlit and using Computers produce the highest Profit. In the
ANOVA with Simulations the 3-way interaction showed that the most
Simulations were run by subjects with Low Comlit or were in the High
Info Level condition using Printouts. In the ANOVA with Info Used, a
missing cell value makes the analysis invalid but the cell means suggest
that the most Info Used would be by Comlit Managers using Computers in
the Low Info Level condition.

There is a consistency here. In conditions of limited information,
non-managers will do well if they are using computers provided they are
computer literate. The same subjects run the most simulations and make

the most use of information. Previously, a relationship between
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simulations and greater use of information was shown to lead to greater

profit but only in the printout condition.

Testing Hypotheses
Hypothesis 1 -~ Time

The speed of the computer in manipulating and accessing data is
hypothesized to enable decisions to be reached faster than when using
printouts.

A) The use of PC/DDBIS allows subjects to reach decisions more
quickly, controlling for management experience and accuracy of
outcome.

B) The greater the amount of training represented by the degree
of computer literacy, the quicker will the decision maker reach
a decision.

Results

TABLE 21

ANOVA of TIME by EXPERIMENTAL CONDITION, MANAGER
and COMPUTER LITERACY

SOURCE OF VARIANCE F p
MAIN EFFECTS

Experimental Conditions 6.309 00]1%*
Manager 0.025 874
Computer Literacy 2.046 156
COVARIATE

Management Experience 9.807 027*
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TABLE 22

ANALYSIS of TIME by EXPERIMENTAL CONDITIONS,
MANAGER and COMPUTER LITERACY

ANOVA
CELL MEANS in MINUTES COMPUTER PRINTOUT TOTAL
Information Available Level - High 35 53 43

- Low 35 39 38

- Total 35 46 42
Manager 38 49 44
Non-Manager 30 44 38
Total 35 46 42

Hypothesis 1A) There is a significant experimental effect for Time,
F[3,98] = 6.309, p=.001 [Table 21]. The way that EXP affected Time is
set out in Table 22. There are some important indications. First,
subjects took less Time to reach a decision overall with Computers [35
mins] than with Printouts [46 mins]. Whether there was a High Info
Level or a Low Info Level, Computers were faster but the saving in Time
was more in the High Info Level condition [18 mins saved vs 3].

That High Info Level leads to more Time being taken in the Printout
condition is logical. The Computer’s ability to offset the extra
information is gratifying and reinforces one of the obvious advantages of
computers. Managers taking longer than Non-Managers suggests more
thoroughness with the decision process and possibly more professionalism.
It should be noted that the group with the fastest Time to decision was,

in fact, Non-Managers with Computers [30 mins]. This is the group
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which produced the highest Profit also. Time, by itself, does not lead to
improved Profit. Hypothesis 1A is upheld.

Hypothesis 1B] There was no significant main effect for Comlit. In
fact the means in the two conditions were close [High Comlit 41.57 mins,

Low Comlit 41.48]. Hypothesis 1B is not upheld.

Hypothesis 2 - Information Access and Optimizing

Hypothesis 2A) PC/DDBIS technology will produce more
profitable solutions than non-PC/DDBIS technology.

Hypothesis 2B) The more experienced the manager the greater
the number of pieces of information will be used to reach a
decision when using PC/DDBIS.

Hypothesis 2C) The more experienced the manager the more
likely is a profitable solution to occur.

Hypothesis 2D) When using PC/DDBIS, subjects make more use

of data which leads to more effective decisions, than subjects
not using PC/DDBIS but having the same data available.

Results

Hypothesis 2A] Table 23 shows significant explained variance. It
also shows a nearly significant main effect for Manager, F[1,101] =
3.584,p=.062; a significant 2-way interaction between EXP and Manager,
F[3,101] = 2.928,p=.038; and a significant covariate in Decskill, F[1,101] =
9.083,p=.003. There is a significant 3-way interaction of EXP x Manager
x Comlit [F = 9.083, p=.008]. This is subject to the caveat about small

cell sizes.
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TABLE 23

ANOVA of PROFIT by EXPERIMENTAL CONDITION,
COMPUTER LITERACY and MANAGER with COVARIATES

Source of Variance F p
MAIN EFFECTS

Experimental Factors 1.864 142
Manager/Non-Manager 3.584 .062
Computer Literacy [Categorical Var] 032 .858
2-WAY INTERACTIONS

EXP x Manager 2.928 .038*
EXP x Comlit .827 483
Manager x Computer Literacy .002 963
3-WAY INTERACTION

EXP x Manager x Computer Literacy 5.071 .008#**
COVARIATES

Management Experience .067 797
Computer Literacy [Construct Var] 1.845 178
Decision Skill 9.083 .003%*
Production Control Experience .002 .966
EXPLAINED 2.400 .004#*

This interaction is the essence of the experiment. A look at cell
means of Profit for the different experimental conditions in Table 24

suggests interesting differences.
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TABLE 24

ANALYSIS of PROFIT by EXPERIMENTAL CONDITIONS by MANAGER

CELL MEANS in $
COMPUTER PRINTOUT TOTAL

Information Level Available - High 14760 14957 14853*
- Low 8852 13233 12607*
- Total 14039* 14123* 14090
Managers 13018 14897 14179*
Non-Managers 15111 13183 13987%
Total 14039* 14123* 14090
Info Level Available - High
Manager 13640 15451 14522
Non-manager 16159 14235 15296
Total 14760 14957 14853
Info Level Available - Low
Manager 580+ 14195 13344
Non-manager 10920 12272 11987
Total 8852 13233 14090

o nifcant t fhe 03 level

+ Unrepresentative due to small cell size

Subjects with Printouts average Profits of $14123 while those with
Computers average $14039. These two analyses offer no support for
Hypothesis 2A. However, the interaction between Manager and Computer
is striking. Managers produce higher Profit with the conventional
technology of Printouts [$14897 vs $13018] while Non-Managers produce
their highest Profit with Computers [$15111 vs $13183]. Hypothesis 2A is
upheld in the case of Non-Managers but not in the case of Managers.

Hypothesis 2B) Table 25 shows a significant main effect for EXP,

F[3,104] =2.984,p=.036 with Info Used. There is also a significant main
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effect for the covariate- Manex, F[1,104] = 6.800,p=.011. There is a
three-way interaction between Info Used and EXP x Comlit x Manager,
F(2,104] = 3.219,P=.045 but cell frequencies are too small in one or two
cases for this result to be used.

Having found significance in Table 25, the cell means are examined
in Table 26. This reveals that the significant result consisted of
Managers requesting 8.00 pieces of information and Non-Managers 6.24.
The data also show that in a Low Info Level condition subjects show
more Info Use [8.77 requests] than in a High Info Level [6.41 requests];
particularly if they use a Computer [13.00 requests] compared to using a
Printout [6.80 requests]. The facilitating effect of Computer technology
appears to be demonstrated and occurs with both Managers and

Non-Managers. Hypothesis 2B is upheld.
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ANOVA of INFORMATION USED by EXPERIMENTAL CONDITIONS,
MANAGER and COMPUTER LITERACY with COVARIATES

SOURCE OF VARIATION
MAIN EFFECTS

Experimental Condition
Manager/Non-Manager )
Computer Literate [Categorical Var]

2-WAY INTERACTIONS

EXP x Manager .
EXP x Computer Literate
Manager x Computer Literate

3-WAY INTERACTION

EXP x Manager x Computer Literate
COVARIATES

Management Experience .
Computer Literate [Construct Var]
Decision Skill

Production Control Skill

EXPLAINED VARIANCE

F

2.984
1.295
531

401
105
.0%1

3.219

6.800
.052
972

3.191

1.460

.036*
258
468

152
957
.763

.045*

O11*
821
327
.078

125




129
TABLE 26

INFORMATION USED BY EXPERIMENTAL CONDITION

# of Tables Requested

Computer Yes 7 No 6.80
Information Level High 6.41 Low 8.77
Manager Yes 8.00 No 6.24
Computer Literate More 7.59 Less 5.88

Computer x Manager ) )
ighest Use = Managers with Computers with Low Info Level
Lowest Use = Non-Managers with Printouts with High Info Level

Managers x Computer LiteraC{.
Highest Use = Computer Literate Managers
Lowest Use = Non-Computer-Literate Non-Managers

There are two significant interactions in this analysis. One is
between Manager and Info Used. The other is between Info Level and
Info Used. Managers show their highest Profit [$16474] not where the
most information was available but where a medium amount of information
was used. This confirms the sufficing concept.

Hypothesis 2C] Table 23 showed the significant 2-way interaction
between Computer and Manager. The key results in terms of Profit were
shown in Table 24. Managers do better with the conventional technology
of Printouts [$14897 vs $13018] while Non-Managers produce their
greatest Profit with Computers [$15111 vs $13183]. Hypothesis 2C is
upheld in the case of Non-Managers but not upheld in the case of

Managers.
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2D] The final part of this hypothesis calls for an examination of
the role of information in the experiment. Tables 25 and 26 indicate that
there was a significant main effect for the experimental condition. More
information was used in the Computer condition than in the Printout
condition. This was not associated, however, with higher Profits.
Hypothesis 2D is not upheld as far as the experimental condition of
Computer vs Printout is concerned.
Turning to individual subjects, we find a complex story.
TABLE 27

ANOVA of PROFIT by INFORMATION LEVEL AVAILABLE,
MANAGER and INFORMATION USED

SOURCE OF VARIATION F p
MAIN EFFECTS

Information Level Available 541 464
Information Used .489 .615
Manager 282 597
2-WAY INTERACTIONS

Information Level x Information Used 3.561 032 *
Information Level x Manager .095 .758
Information Used x Manager 3.137 .048 *
3-WAY INTERACTION

Information level x Information Used x Manager 1.600 191
EXPLAINED VARIANCE 1.584 114

An ANOVA of Profit with Info Level, Info Use and Manager [Table
27] shows no significant main effects but two significant 2-way

interactions. One is between Info Level x Info Use, F[2,113] =
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3.561,p=.032. The other is between Info Use x Manager, F[2,113] =
3.137,p=.048.

TABLE 28

ANOVA of PROFIT by EXPERIMENTAL CONDITION

(Significant Results Only)

SOURCE OF VARIANCE F p
MAIN EFFECTS

Manager 3.584 .062
2-WAY INTERACTION

EXP x Manager 2.928 .038 *
3-WAY INTERACTION

EXP x Manager x Computer Literacy 2.400 008 **
EXPLAINED VARIANCE 2.400 004 *=*

CELL MEANS - PROFIT IN §
. COMPUTER PRINTOUT TOTAL
MANAGERS 13018 14987 14179

NON-MANAGERS 15111 13183 13987

TOTAL 14039 14123 14089

Table 28 shows a significant interaction for Manager by Computer. This
has been observed before. Looking at the interactions in terms of Profit
gained [Table 29], Managers show their highest results [Profit = $16474]
not where the most information was available but where the medium
amount of information was used. This directly confirms the sufficing

concept.
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TABLE 29
ANALYSIS of INFORMATION USED by INFORMATION LEVEL
by MANAGE
PROFIT in $
CELL MEANS
AMOUNT OF INFORMATION USED
Low Medium High Total
INFORMATION LEVEL
AVAILABLE
High 13558 13475 15593 13767
Low 9904 16994 11552 12607
Total 13297 14518 12688 13414
Manager 12661 16474 12892 13826
Non-Manager 13810 11193 12457 12980
Total 13297 14518 12688 13414

Regarding Info Use, the highest Info Use produced the highest
Profit [$15593 vs $13558 vs $13475] in the High Info Level condition. In
the Low Info Level, the Highest Profit was produced in the medium Info
Use condition [$16994 vs $11552 vs $9903]. This is suggestive of an
overload effect but it occurs in the Low Info Level condition.

The 3-way analysis of Manager x Info Level x Info Use was not
significant, F[2,113] =1.630, p=.191. However, a look at the cell means in
this 3 X 2 X 2 analysis shows that the HIGHEST Profit in the twelve
cells was achieved by Managers in a Low Info Level with a median Info
Use [$18604]. This average was 39% above the sample mean and 122%

above the poorest performing group who were Non-Managers in the High
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Info Level with only a median amount of Info Use [$8399] but small cell
sizes make the significance of this particular analysis problematical.
Taking only 2-way analyses to create larger cell sizes Table 30
shows that Managers in a High Info Level condition but making median
Info Use outperform all other categories. High Info Use leads to High
Profits only in the High Info Level condition. Hypothesis 2D upheld
TABLE 30

PROFIT by MANAGER by INFORMATION USED

PROFIT in $§
CELL MEANS INFORMATION USED
Low Medium High Total
INFORMATION LEVEL
AVAILABLE
High 13558 13475 15593 13767
Low 9903 16994 11552 12607
Total 13297 14518 12688 13414
Manager 12661 16474 12892 13826
Non-Manager 13810 11193 12457 12980
Total 13297 14518 12688 13414

It is clear that there is a significant role for information in this
experiment but that role is not clear. There is a suggestion that
Information Overload plus the sufficing principle lead people to use less
than the maximum amount of information available even in the Computer
condition. There is also a suggestion that Managers who make this

optimum use of information perform well in terms of Profit so it is a
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successful strategy. More detailed analysis is not possible due to small

cell sizes in some of the breakdowns.

Hypothesis 3 - Decision Efficiency
3A] The use of PC/DDBIS technology improves individual
decision efficiency by leading to more thorough execution of
the seven steps of the ideal decision process as measured by,

first, the number of options considered and, second, the amount
of information used, hoiding outcome constant.

3B] For the same outcomes, subjects using PC/DDBIS will take
longer to reach a decision than those not (due to the greater
use of information and the more thorough decision process
followed).

3C] When subjects use the same amount of information or run
the same number of simulations, those using PC/DDBIS will do
so in a shorter time.

3D] Subjects reaching an optimal solution will do so in a

shorter time when using PC/DDBIS technology than when using
printout technology.

Results

3A] Table 5 shows that Info Use and Simulations have only a slight
(negative) correlation [r= -0.1318, P=0.086]. Therefore they can be
analyzed in a MANOVA. Info Use has already been shown to have a
significant interaction with the main experimental effect of EXP and Info
Level, F[3,104] = 2.984,p=.035 [Table #18]. Subjects with Computers had
more Info Use [7.72 requests] than subjects with Printouts [6.80 requests].
Similarly, Simulations showed a significant main effect with EXP, f{3,98] =
11.472,p<.001.
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The detailed results show that more Simulations were run in the
Printout condition [3.78] than in the Computer condition [0.29]. Even
more striking is the High Info Level condition where subjects using
Printouts ran 5.00 Simulations while those with Computers ran only 0.08.
There is a possibility that the Computer/Printout results may be an
artifact of the different ways that simulations were handled in the
experiment. However, with the results produced the Computer did not
lead to the use of more simulations. Hypothesis 3A is not upheld.
Hypothesis 3B] An ANOVA of Time with Profit [Grouped] x
Computer/Printout [Table 31A] had a significant main effect for
Computer/Printout, F[1,108] = 17.420,p<.001. Using Computers requires
less Time to reach a result [32 minutes] than using Printouts [46 mins].
Although the result was not significant, subjects using Computers took
less Time whether they achieved in a High Profit result [32 mins vs 49
mins] or a Low Profit [32 mins vs 42 mins]. Hypothesis 3B is not upheld.
TABLE 31A

ANOVA of TIME by PROFIT by COMPUTER/PRINTOUT

SOURCE OF VARIATION F p
MAIN EFFECTS .

Profit (Grouped into High and Low) 1.343 .249
Computer/Printout 17.420 <.00] **
2-WAY INTERACTION

Profit by Computer/Printout .876 351

EXPLAINED VARIANCE 6.436  <.001 **
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TABLE 31B

ANALYSIS of TIME by COMPUTER/PRINTOUT by
PROFIT [Grouped into High and Low]

TIME in Minutes

CELL MEANS COMPUTER PRINTOUT TOTAL
PROFIT
Low 32 42 38
High 32 49 42
Total 32 46 40
TABLE 31C

ANOVA of TIME by INFO LEVEL by INFO USE by COMPUTER

MAIN EFFECTS F p
Info Level 1.670 .192
Info Use [Grouped] 6.451 .002 *
Computer 12.111 .00] **
2-WAY INTERACTION None Significant

3C] An ANOVA of Time with Computer/Printout x Info Use x Simulation
has significant main effects for Computer/Printouts, F[1,104] =
12.111,p=.001 and for Simulations, F[2,101] = 6.451,P=.002 [Table31C]. We
have already established that Computers are faster than Printouts.
Interactions could not be calculated because of small cell sizes.
However, Table 31D shows that in all three cases of different levels
of Info Use and all three cases of different numbers of Simulations,
subjects with Computers took less Time than subjects with Printouts.

Hypothesis 3C is upheld
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TABLE 31D

TIME by INFO USE by SIMULATIONS by
EXPERIMENTAI‘: CONDITION

TIME in Minutes

CELL MEANS INFORMATION USE
Low Medium High Total
COMPUTER 32 18 35 32
PRINTOUT 45 46 48 47
TOTAL 35 45 46 40
SIMULATIONS RUN
COMPUTER 35 26 34 32
PRINTOUT 39 45 59 47
TOTAL 38 39 42 40

Hypothesis 3D] Table 31B has demonstrated earlier that in cases of both
High and Low Profit subjects with Computers reach decisions in less Time

than subjects with Printouts. Hypothesis 3D is upheld.

Hypothesis 4 - Decision Effectiveness
4A] The use of PC/DDBIS results in more favorable outcomes
as measured by generated profits when conditions of
management experience and computer literacy are held constant.
4B] The wuse of PC/DDBIS results in more of the

decision-makers reaching an optimal decision than when using
printout technology.

Results

Hypothesis 4A] Using a MANOVA, the dependent variables Time and
Profit were analyzed by EXP x Comlit x Manager. The results for Time
were not significant but those for Profit were, F[2,79] = 4.5696,p=.013.
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Taking Profit alone and analyzing by EXP x Manager x Comlit [Table 32]

there were three significant results and one near significance.
TABLE 32

ANOVA of PROFIT by EXPERIMENTAL CONDITION by MANAGER
by COMPUTER LITERACY with COVARIATES

SOURCE OF VARIANCE F p
MAIN EFFECTS

Experimental Condition [EXP] 1.864 142
Manager/Non-Manager 3.584 062
Computer Literate (Categorical Var) 032 .858
2-WAY INTERACTIONS

EXP x Manager 2.928 .038 *
EXP x Computer Literate 827 483
Manager x Computer Literate .002 963
3-WAY INTERACTION

EXP x Manager x Computer Literate 5.071 .008 **
COVARIATES

Management Experience .067 197
Computer Literate (Construct Var) 1.845 178
Decision skill 9.083 .003 **
Production Control Experience .002 966
EXPLAINED VARIANCE 2.400 004 **

The near significant main effect was for Manager, F[1,101] =
3.584,p=.062. There was a significant interaction, EXP x Manager,
F[3,101] = 2.928,p=.038. There was a significant covariate in Decskill,
F[1,101] = 9.088,p=.003. The fourth significant result was a 3-way
interaction of EXP x Manager x Comlit, F{2,101] = 5.071,p=.008. This
latter result may be due to small cell sizes and should be treated with

caution. There was no main effect for Comlit and neither of the 2-way
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interactions involving Comlit were significant. Comlit is not a major
factor in this result. Its only significance is in the case of Non-
Mznagers discussed earlier. Manex has also been discussed earlier. It is
a significant covariate but the main results have related to the
Manager/Non-Manager condition.

Table 24 indicated that while Managers outperformed Non-Managers
in Profit [$14179 vs $13987] this was entirely due to the Managers better
performance in the Printout condition [Managers $15111, Non-Managers
$13018]. Hypothesis 4A is upheld for Non-Managers but not for
Managers.

Hypothesis 4B] It has been demonstrated that Comlit was not a
significant factor in this experiment except in the specific case of

Non-Managers using Computers. Therefore, Hypothesis 4D is not upheld.

Hypothesis 5 - Computer Literacy and Decision
Efficiency;/Effectiveness

SA] subjects with high Computer Literacy will produce a higher
Profit in a decision problem than a] subjects with low
Computer Literacy and b] subjects not using computers.

5B] In terms of decision efficiency, the greatest difference
between subjects using PC/DDBIS and those not will be among
managers in the high computer literacy group.

5C] In terms of decision effectiveness, the greatest differences
between subjects using PC/DDBIS and those not will be among
non-managers in the high computer literacy group.

5D] The greatest improvement in decisicn-making performance
will be among non-managers in the high computer literacy
group.
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Results

Hypothesis SA] Tables 23 and 14 show no significant results for
Computer Literacy either as a main effect, as an interaction term or as a
covariate. The only case where Comlit was linked to a significant
improvement in performance is in the case of Comlit Non-Managers who
outperformed Non-Managers with Printouts and Managers regardless of
whether they had Computers or Printouts. Hypothesis SA upheld only in
the case of Comlit Non-Managers.

Hypotbesis SB] Table 15 shows the results analyzed by Manager,
Comlit and Computer. Giving someone a Computer produces a major
improvement in efficiency [Time] in every case. The improvement was
greater for Non-Managers [-30%] than for Managers [-22%]. Overall
Comlit produced no improvement but, again, in interaction with Managers
it improved their efficiency by 40% for Low Comlit Managers compared to
an improvement of only 17% for those with High Comlit. The reverse was
the case for Non-Managers where High Comlit Non-Managers reduced
their Time by -34% while Low Comlit Non-Managers improved by only
-11%. Once again, there is the suggestion that Computers improve the
performance of all groups but is least efficient for Low Comlit
Non-Managers. Hypothesis 5B is upheld.

Hypotheses 5C & 5D] Table 15 shows that the only circumstance
where giving the subject a Computer produced an improvement in Profit
was in the case of Comlit Non-Managers. The increase in performance

was 20%. Hypotheses 5C & 5D are upheld.
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Hypothesis 6 - Expert Decision-Makers and Decision effectiveness

6A] Expert decision-makers exhibit improved efficiency but no
improvement in effectiveness of decisions when using PC/DDBIS
when computer literacy is controlled.
6B] Expert decision-makers are equally effective in
decision-making whether using PC/DDBIS or conventional
printout technology.
6C] Non-expert decision-makers show an improvement in the

effectiveness of their decisions but not in the efficiency when
computer literacy is controlled.

Results

Hypothesis 6A] An ANOVA with Profit as the dependent variable
and Decskill x EXP as the independent variables (Manager was not
included because of its high positive correlation with Decskill) had one
significant result. It was a main effect for Decskill, F[1,109] =
13.034,p<.001 but no significant interactions. This establishes the effect
of High Decskill in leading to High Profits [$15481] compared to Low
Decskill [$11350]. As can be seen below, the beneficial effect of Decskill
is independent of Computer/Printout or Info Level. Computer Literacy
has been consistently shown to have only one effect and that is with
Non-Managers. Controlling for Comlit in this Hypothesis is unnecessary.

Hypothesis 6A is upheld.
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PROFIT by EXPERIMENTAL CONDITION by DECISION SKILL

PROFIT in $
CELL MEANS

EXPERIMENTAL

CONDITION
Computer
Printout
Total

High Info Level
Low Info Level
Total

DECISION SKILL

Low High Total
10498 14909 12895
11862 15959 13753
11350 15481 13397
11715 15328 13761
10822 16030 12607
11350 15481 13397
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ANALYSIS OF EFFICIENCY AND EFFECTIVENESS

A) EFFICIENCY - Time in Minutes

COMPUTER PRINTOUT TOTAL

Managers
Computer Literate - High 40
- Low 31
- Total 38+*
Non-Managers
Computer Literate - High 29
- Low 34
- Total 30*
Computer Literate - High 35
- Low 32
Overall Total 35%
B] EFFECTIVENESS - PROFIT in $§
Managers
Computer Literate - High 13106
- Low 12643
Total 13018
Non-Managers
Computer Literate - High 15336
- Low 13428
Total 15111
Overall Total 14039

48
52
49+

44
38
43%

46
46

46+

15183
14101
14897

12808
14389
13183

14123

44
45
44

38
37
38

42
41

42

14343
13652
14179

13854
14040
13987

14090

Hypothesis 6B] Table 33 indicates that High Decskill subjects do slightly

better using Printouts than Computers but the interaction is not

significant.  Similarly, when testing for significance between Managers

and Computers with Profit as the dependent variable there were no

significant results. Hypothesis 6B is upheld.

Hypothesis 6C] If Non-Managers are used as surrogates for

non-expert decision-makers, then Table 15 indicates that Non-Managers
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show a significant improvement in effectiveness [Profit] when they are
High Comlit subjects. So that part of Hypothesis 6C relating to
improvement in effectiveness [Profit] is upheld. In efficiency [Time],
Table 16A indicated that computers improve efficiency in all conditions.
Hypothesis 6C is not upheld for efficiency [Time].

Managers show a reduction in Time [i.e. greater efficiency] for both
Literate and Non-literate subjects. In fact all groups did. This suggests
that Computers improve efficiency under all circumstances.

As to effectiveness, a different story is suggested. Literate
Managers performed less well [i.e. were less effective] whereas Literate
Non-Managers increased their performance in terms of Profit by 20%.
Non-Literate subjects showed a loss of performance in terms of Profit
[i.e. were less effective]. This suggests that computer literacy is an
essential ingredient in achieving effectiveness with computers, regardless
of the user-friendliness of the software.

Because experts [Managers] showed a gain in efficiency but a loss in
effectiveness when using Computers, Hypothesis 6A is upheld.

Experts performed less well using a Computer than using Printouts
but the difference was not significant. Hypothesis 6B is upheld.

Non-experts improved their performance in terms of effectiveness
[Profit] when using computers. They also improved their efficiency in
terms of Time. Hypothesis 6C is upheld for effectiveness but not upheld

for efficiency.
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Hypothesis 7 - Expert Decision-Makers and Decision
Efficiency
7A] Both expert and non-expert decision-makers show an |
improvement in decision efficiency when using PC/DDBIS
compared to not using PC/DDBIS; the degree of improvement
will be directly related to computer literacy.

7B] Expert decision-makers show greater decision cificiency
than non-expert decision-makers when using PC/DDERIS.

Results
Hypothesis 7A] Based on Table 35 below Managers and
Non-Managers show improved efficiency in terms of less Time to decision

when using Computers.

TABLE 35

ANALYSIS of TIME by MANAGER by EXPERIMENTAL CONDITION

TIME in Minutes COMPUTER PRINTOUT TOTAL
MANAGERS 38 49 44
NON-MANAGERS 30 43 38
TOTAL 35 46 42

Comlit is not statistically significant in this analysis. Hypothesis 7A
is upheld

HYPOTHESIS 7B] Table 35 shows that both Managers and
Non-Managers perform more efficiently in terms of Time when using

Computers. Comlit has been shown not to be significant in respect to
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Time. Therefore, using Managers as surrogates for expert
decision-makers, the data in Table 35 demonstrates that Hypothesis 7B is
not upheld.
Hypothesis 8 -Perceived Skill and Satisfaction with Managerial
Performance
8A] Subjects rate themselves higher in skill and satisfaction
after completion of the experiment than they rated themselves
beforehand; regardless of their actual performance.
8B] Subjects using PC/DDBIS have a higher self-rating of their
decision skill and greater satisfaction than subjects not using
PC/DDBIS.
8C] Subjects with high computer litcracy using PC/DDBIS show
the greatest gain in self-rated decision skill.
Results
Hypothesis 8A] With regard to self-rating improving regardless of
task performance, there was no significant change in self-rating of

performance in any condition. Hypothesis 8A is not upheld
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ANOVA of PERCEIVED SKILL CHANGE by PROFIT

by TIME by COMPUTER LITERACY

SOURCE OF VARIANCE F

MAIN EFFECTS

Time (Grouped into Short, Medium & Long Time)1.082
Profit (Grouped into High' and Low) .088
Computer Literacy 175

2-WAY INTERACTIONS

Time x Profit 1.830
Time x Computer Literacy 1.074
Profit x Computer Literacy .032
3-WAY INTERACTION

Time x Profit x Computer Literacy .073
EXPLAINED VARIANCE 784

p

.343
767
.676

.166
.346
.858
.929

.655

HYPOTHESIS 8B] In Table 36 a MANOVA was run with the change

in self-reported decision performance [SKILCHG] before the experiment

and after [the same wording was used in both questions].

The

independent variables were High and Low achievers in Profit and Time as

well as Comlit. No significant results were found. Hypothesis 8B is not

upheld.
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TABLE 37

ANOVA of TIME by PROFIT by DECISION SKILL and
TEST PERFORMANCE

DEPENDENT VARIABLES

Profit F Time
p
INDEPENDENT VARIABLES P
Decision Skill 1.723 193 .627 431
Test Performance 3.521 .064 .940 .335

Hypothesis 8C] In the ANOVA mentioned in the preceding paragraph,
Comlit was not significant in any category. Hypothesis 8C is not upheld
TABLE 38

ANALYSIS of TIME and PROFIT by DECISION SKILL
and PERCEIVED PERFORMANCE

PROFIT TIME
F o) F p
Decision Skill 1.723 .193 627 431
Perceived Performance 406 .526 .000 993
Decision Skill x
Perceived Performance .000 985 464 .498

Summary of the Results of Hypotheses Tested
Hypothesis 1  Time

A) Using Manager as a surrogate for Management Experience,
Sognfclllters result in less Time taken for decisions.
phe
B) Comlit improves efficiency. Not upheld
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Hypothesis 2 Optimizing

A) Computers lead to more Profit to a greater extent than Printouts.
Upheld for Non-Managers out not for Managers

B) anagers have more Info Use than Non-Managers. Upheld

C) Management Experience leads to more Info Use which leads to more
Profit. Upheld )

D) Computers lead to more Info Use compared to Printouts especially
for Managers and especially with medium Info Use in the Low Info
Level condition. Upheld in the Low Info Level only.

Hypothesis 3  Decision Efficiency

A) Computers lead to a more thorough decision process.

Not upheld
B) For the same outcome subjects with Computers took more Time to
reach a decisica. Not upheld
C) gi}lhktihe same Info Use, Computers take less Time.
phe

D) Subjects with more Profit will take less Time to reach a decision
when using Computers. Upheld

Hypothesis 4  Decision Effectiveness

A) Comlit has no effect on Profit overall; Computers lead to higher
Profit than Printouts in the case of Non-Managers only. Upheld for
Non-Managers, not upheld for Managers.

B) Decision-makers with Computers will make more effective decisions
than those with Printouts. Not upheld

Hypothesis 5 Comlit and Performance

A) Computers only improve Profit for Comlit Non-Managers and do not
improve Profit for subjects who were Non-Comlit or managers.
Upheld for Comlit Nou-Managers only.

B) Comlit does not lead to less Time to decision. Upheld

C & D) The greatest improvement in performance is among Comlit
Non-Managers using Computers. Upheld

Hypothesis 6  Expert Decision-Makers and Effectiveness

A) Using Managers as expert decision-makers, Computers do not lead to
more Profit or effectiveness; only Non-Managers become more
effective when using Computers.

Upheld

B) Expert decision-makers are equalle/J effective with Printouts or

Computers. pheld



150
C) Non-experts improve their Effectiveness but not their Efficiency
with Computers. Upheld for Non-Managers only for
effectiveness, not upheld for either group for efficiency.
Hypothesis 7 Expert Decision-Makers and Efficiency

A) Use of Computers leads to greater efficiency - less Time - but this
improvement is not related to Comlit.

ﬁphel )

B) anagers take more Time to reach decisions. Not upheld
Hypothesis 8 Perceived Skill and Managerial Performance

A) Subjects rate themselves higher in Decision Skill after the

experiment. ) Not upheld
B) Subjects with Computers have a higher self-rating and
reater satisfaction. Not upheld

C) Subjects with high Computer Literacy and using Computers
show the greatest gain in self-rated Decision Skill.
Not upheld
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CHAPTER 7
CONCLUSIONS AND RECOMMENDATIONS

Decision Efficiency

For our purposes decision efficiency was measured by time which
represented a resource to be optimized, although to the subjects in this
experiment the only cost was opportunity cost. In the experiment, time
behaved logically; more information meant longer times to reach decisions.
From the experimental point of view, computers saved significant time
(24%). This applied to both managers and non-managers equally.

There was no correlation between time and profit in this experiment
sc spending more time on a decision did not lead to a better result. For
managers using printouts, there was a suggestion that more time was
associated with higher profit but this is a reflection of the information
available. Managers performed best when they had the maximum amount
of information available and processing the additional information took
longer - much longer in the printout condition than with computers.

For those using computers the best profit results were obtained by
subjects who took the shortest time to reach their decision. This
suggests that decision-making success was influenced to some extent by
factors relating to the subjects - such as decision skills, management
skills or, in ‘the case of non-managers, computer literacy - and not to the

time taken.
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The fact that time and profit are independent is good from a
productivity standpoint. It means that when using computers one can
achieve both improved effectiveness [outcome] and improved efficiency
[time] with the same process and at the same point in time. There is no

trade-off between efficiency and effectiveness.
Decision Effectiveness

The experiment demonstrated that the level of information available
significantly affected performance in terms of profit generated by
decisions. Subjects in the high information level produced more profit
[outcome] than those in the low information level.

Given the familiar decision-making mode of printouts, managers
outperformed non-managers as might have been expected. This was the
case whether they had the high information level available or only the
low information level. Managers using computers did less well than their
counterparts using printouts. Perhaps the loss in performance was due to
moving to the unfamiliar decision-making technique of a computer and a
decision support system. It was not due to managers who were using
printouts having optimized their outcomes so that it would not be possible
to improve on their performance because they had not. Managers using
printouts only averaged 75% of the maximum profit possible in the
experiment. So there was room for managers to maximize their results,
but they not only failed to improve when using computers, their

performance was below that of their peers using printouts.
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The striking and statistically significant result is that non-managers
using computers with a decision support system showed higher decision
results in terms of profit. So high that they outperformed not only
non-managers with printouts but also managers both with the same
computer system and with printouts. In fact, non-managers with
computers achieved the best overall profit results of any group. This is

discussed in the "Managers® Skills" section.
Managers’ Skills

Managers certainly showed their skill as decision-makers in the
traditional printout mode. They were more thorough in that they took
more time and used more information than non-managers. They also
produced slightly better decisions overall in terms of generating more
profit. = Managers’ decision-rﬁaking performance fell off when using
computers. Assuming that they are familiar with the old convention of
printed data as the basis for decisions, this result suggesis a strong need
for training in computer literacy for managers if they are to maintain or
improve their decision performance when using computers.

When using a computer, the non-managers demonstrated how
effective computer technology coupled with decision support software is.
Non-managers’ decisions produced more profit than managers with or
without computers. Further analysis shows that this striking result is

confined to non-managers who are computer literate. Those who are not
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do less well but still have higher profits than managers with computers
regardless of the latter’s computer literacy abilities.

There are two implications to this result. One is that non-managers
are capable of duplicating or exceeding the decision performance of
managers if [1] they are given a computer with the appropriate support
software, and [2] they are trained in using computers, that is they are
computer literate. This implies that some management decisions can
safely be delegated to lower levels of employees provided such employees
are given a computer, appropriate software and computer training. The
second implication is that more information is better than less in making
a computer-based decision in the context of this experiment. There is no
serious time penalty to having more information when using the computer
because in this experiment the computer has been shown capable of
helping subjects reach decisions with both high and low levels of
information available in almost the same time. So for non-managers it is
possible to improve effectiveness of decision-making by using more
information with a gain in efficiency at the same time.

All  this represents substantial prospects for productivity
improvements on two counts. First, non-managers can adequately carry
out some of the decision tasks of managers and, possibly, be paid less
than the managers for doing so. Second, there will be an improvement in
decision quality and a substantial saving in time spent in making these
decisions through switching to computers.

To address the question of the de-skilling of managers, this study

does not disprove the idea. The results show that when faced with a



155
new decision situation, managers performed less well with computers than
with printouts. In the case of non-managers, the reverse applied. The
unanswered question is why did computer literate managers not produce
the same gain in decision performance as computer literate non-managers?
This study does not have data to answer this question. It is not
connected with the use of information nor is it a function of the
perceived decision skills of the managers.

It has been argued elsewhere that whether managers are de-skilled
or not is a matter of organizational choice. Managers may not be de-
skilled by computers in practice but much of the day-to-day work of
middle management can be stripped away and safely delegated to less well
qualified workers as this study suggests. On this basis alone - and there
are many other considerations - one might predict fewer managers using
computer technology would be needed to control an organization of a
given size than was needed before. Increasing sophistication of
hardware and especially of software will lead to this trend being
continued. With top management increasingly able to control the detailed
information and activity flow in organizations and with decisions being
forced lower in the organization to workers located where the problems
occur what is needed is a new role for middle managers. This might be
as controllers and disseminators of information or it might be as
purveyors of specialist skills such as computer techniques, decision-making
skills, forecasting, motivational programs or employee training.

If non-managers can satisfactorily execute managerial work it would

suggest a pressure to reduce compensation for managers. Decision-making
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has always been perceived as one of the key management functions, but
with computer technology, this can apparently be performed by persons
with less management experience. In this area - decision-making - based
on the implications of findings in this study, it could be said that
managers were in the process of being de-skilled. This may ultimately be

reflected in the level of their relative compensation.

The Value of Information

It has already been demonstrated that having more information
available is associated with better decisions in terms of profit. Also, as
noted earlier in this experiment there was no time penalty in this high
information level mode when using computers. Consequently, using more
information is associated with longer times to reach decisions but only in
the printout condition. Computers enable decisions to be reached in the
high information level in virtually the same time as in the low level.
This is another indication of the productivity of computers.

Having information available is a necessary condition but the
important issue is the use made of the information. Obviously one cannot
use a large amount of data if it is not available. However, when a large
amount is available, using all of it may lead to maximum results but it
might lead to the decision-maker being overloaded with data to the
detriment of the decision outcome. Here the research is less helpful.
Neither the number of simulations run nor the amount of information

accessed were statistically significant main effects in this experiment.
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The attempt to use simulations as a measure of information accessed
was not successful. There was a significant result which indicated ihat
subjects in the high information level condition and using printouts used
nearly double the number of simulations of other groups. But, this may
have been an artifact of the experiment.

The findings on the amount of information accessed from the data
base are more reliable. Analyzed in conjunction with the level of
infermation available, two significant results emerge. In the case where
there is much information available, the more information accessed the
better the outcome of the decision. The other result is that where only
limited information is available a median amount of information accessed
produces the best outcome; this is especially so for managers. This
median optimal result suggests that where available information is limited,
being selective in what is accessed pays off. It could also support
Simon’s concept of sufficing in this one case.

We may have different decision styles portrayed in this experiment.
Managers with a high level of information available and using printouts
used a high number of simulations. This could be one decision-making
style [but could also be an artifact of the experiment as mentioned
earlier]. This might be referred to as the "Traditionalist".
Non-managers, if they were computer literate, turned in a good decision
performance based on that skill alone. So, a second decision-making
style is to compensate for lack of management or decision-making
experience by being computer literate.  This might be called the

"Computerist". Apart from the matter of computer literacy for
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non-managers, there is the suggestion that using more information leads
to better outconmies in all conditions of information available. This would
suggest a third style which is to obtain an optimal amount of information
rather than work with a more limited set. This might be referred to as

the "Analyst".

The Role of the Computer in Business Decision-Making

In this study, the computer improved decision efficiency by reducing
significantly the time taken to make decisions. It did not lead to more
effective decisions universally. More improvement in outcome came from
the level of information available. What the computer did was to
transform the decision-making abilities of those not normally regarded as
decision-makers, (i.e. non-managers) and make them superior
decision-makers. The relevance of these results to present day
organizational decision-making should be considered.

Many changes are being recommended in management style currently
for U.S. firms to become more competitive. One of the most commonly
urged is the delegation of authority and problem-solving down to the
lowest level possible in the organization. The results of this experiment
indicate that this may be done safely with little risk to the quality of
decision provided that those responsible for the decisions have access to
a computer [with appropriate software] and that they are trained to a

relatively high degree of computer literacy.
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Significant Attributes of Good Decision-Makers

A striking result in this study is the association of self-assessed and
self-reported decision-making skill with better decisions. Regardless of
the information level available or whether using a computer or a printout,
those rating themselves high on decision skill performed significantly
better than those rating themselves low. This reinforces the suggestion
earlier that the way to effective decisions with computers is partly within
the individual decision-maker. One solution might be training in
decision-making skills for both managers and non-managers. This may
sound obvious but not every executive has continuous training in decision
techniques. A second solution might be more computer training for those
not fully computer literate. A third solution might be more extensive use
of computer-based decision support software systems. These will extend
the range of tasks and the quality of decisions that non-managers can
perform.

There is a high positive correlation between decision skills, _
management experience, self-rated production management experience and
being categorized as a manager in this experiment.

However, there is obviously an area of overlap in these ratings.
Decision skill has a blanket effect regardless of experimental condition
whereas being a manager or non-manager produces different results
according to experimental conditions. The inference is that decision skill
is a very effective part of what a manager brings to the decision, but it

is not all.
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Implications for Management and for Future Research

Future Research

The most important extension of this work would be a longitudinal
study of decision-making by both managers and non-managers. This
would determine if effects in this study are temporary due to the
strangeness of the problem and the decision environment or not. Such a
longitudinal study should cover a range of decisions rather than just one.
" The greater the range of decisions surveyed, the greater would be the
applicability of any findings.

There would also be value in a replication of this experiment. By
using a larger sample it would avoid the limitations mentioned in this
study and, perhaps, lead to more results in the specific topics of this
research.

A third study could address the attributes of the decision maker
that are associated with success. There is a need to clarify the area of
management skill, experience and role in the organization. This would
help identify what organizations need to equip their decision-makers with
in order to optimize their decision outcomes.

Further research to clarify the relatively poor performance of
managers when using computers should also be undertaken. This would
clarify the anomalous behavior from those who could have been expected

to produce the best results.
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Research into the quantitative value of various types of decision
support software would be valuable. It would clarify the types of
applications where there would be a very significant cost benefit to be
realized. It could also lead to improvements in managerial productivity.

Another study should look further into the role of information.
That it has an effect is clear, but hypotheses should be developed as to
level and methods of information accessability. Information overload is a
well discussed topic that originated in the pre-PC era. In the
computer-based world of today, benefit might come from research into
information overload in the context of computers and data bases both
internal and external to the organization.

A final study would move into a related field. The present study
focussed on the individual decision-maker. However, there is a need for
investigation into how computers can benefit the group decision process
in organizations. As more and more organizations connect their
computers by networks both within and between locations, understanding
the optimal way to produce better decisions by networking would be

valuable.

Implications for Management

Organizations can deal with problems of reduced numbers of middle
managers and the need to delegate organizational decision-making to the
lowest possible level in the organization - certainly to levels not
currently classified as management - by using computers correctiy.

Correctly means ensuring that staff are provided with sufficient
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computers and appropriate software and that they are well trained to use
both productively. This training must be as continuous as the growth in
sophistication of computer technology. From a productivity viewpoint,
one wonders how many organizations obtain anywhere near optimal
productivity from their computer and information systems. Procedures to
improve both the efficiency and the effectiveness components would be
valuable to industry if such procedures were based on empirical
guidelines.

The need for adequate data bases to be available for effective
decisions is clear from this research. What may need to be researched
are the determinants of the most effective level of information use and
method of access to benefit the individual and the corporation. This may
well vary according to the industry or the decision situation.

The important effect of the level of information on the outcome of
the decision has other implications. It suggests that in designing a DSS,
for example, attention must be given to the amount of information made
available or used as well as the quality and appropriateness of the system
itself. This is not always represented in the allocation of software
development budgets. This has implications to systems analysis, the
construction of DSSs and data bases. It may also have implications for
expert systems work.

The efficiency of computers has been demonstrated here in a micro
context. What organizations need is to learn how to optimize the
efficiency of computers in a macro sense. Macro, here, is meant in two

ways. One way applies to the individual over the whole range of his or
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her tasks in the organization. The second way applies to the
organization representing the total of individuals in it. This research
would not merely look into efficiency of having computers versus not
having them because this is too simplistic a comparison. Instead it
should investigate how organizations can best raise the productivity of
the computers they have. Indications from this study suggest that
appropriate software, computer literacy training and decision-making skill

training might be places to start.



APPENDIX 1
FIELD WORK - RECRUITING ORGANIZATIONS

Sample Organizations

The experiments took place in nine different corporations
situated in two States - Arizona and Wisconsin - during the
summer months of 1985 and 1986. A number of different types of
organizations were represented. They included a major hospital,
a major manufacturer of jet engines, a manufacturer of pneumatic
control equipment, a savings & loan, two banks, a world
manufacturer of branded household products and a machine tool
repair company. The corporations were chosen on an
opportunistic basis and no attempt was made to match the
organizations into two equivalent samples for the two
experimental conditions. Instead the two experimental
conditions were equally represented in each of the experimental
sites. The common characteristic among these organizations was
that all but one organization were relatively large [employees
200-500].

The recruitment process required several visits to each
organization. Problems that had to be overcome were as follows;
A) having outside people in an organization for several days was
seen as disturbing the routine of the company; B] there was the

possibility of confidential information coming into the

164
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possession of the experimenters; C] completing the experiment
would take two to three hours out of the working day for each
subject and when perhaps ten or more employees might be involved
the loss of working time was a significant factor; D] it was a
general opinion in the companies that all workers were fully
stretched to complete their work and time lost in the experiment
would be hard to make up.

The contacts were provided by two universities, the University of
Arizona through its College of Business and Public Administration
and Marquette University, through its College of Business
Administration. Initial contact was made by the author to an
executive at the top of each organization. Not every
organization agreed to cooperate. Altogether eighteen
organizations were approached and nine [50%] agreed to cooperate.
Cooperation was relatively easy to obtain from the Presidents or
CEOs. This was usually agreement ’in principle’ and was
followed by the project being handed down to an operating
executive who took over the project from there. At that point
some of the objections mentioned previously emerged. In several
cases the difficulties of finding a time when it would be
convenient to have the experiments take place proved
insurmountable and the site had to be dropped. This accounted

for three of the nine sites where the experiment was rejected.

The procedure followed to recruit organizations was -
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- Introductory letter quoting the University contact and the nature
and importance of the research

- One or more visits with senior executives to obtain permission

- Period of time for the organization to consider the proposal

- Receipt of a letter of agreement [or rejection] from the organization

- One or more liaison visits with the executive appointed to supervise
the project to settle the details of the administration of the
experiment

-~ Preparation of a schedule of interviews, dates, times and names for
the site jointly with the project executive

- Conducting the experiment [1 - 4 days]

- Post-experiment follow-up letter thanking the organization

Pilot Testing

The experimental simulation, the questionnaires and the data
recording method were tested using 16 representatives of the
subject population drawn from the first two sites agreeing to
take part in the experiment. One was an insurance office and
the other was a hospital. Both were in Arizona. These two
sites were not used subsequently in the field experiment. The
DSS program and the test instruments were modified as a result of
the pilot test before the experiment was run. Certain questions
were reworded to facilitate understanding by subjects. The DSS was
modified in the wording on two of the screens and in the

programming to provide an additional feedback loop from one part
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of the program to an earlier module. These modifications were
tested again with eight subjects in a third site again not used
in the experiment. The changes proved successful in use and
both the DSS and the questionnaires received no further

modification.
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APPENDIX 2
DETAILS OF DOCUMENTATION GIVEN TO SUBJECTS
IN THE EXPERIMENT

Design of Documentation

Four categories of briefing documents were given to subjects.
A] Given to all subjects before starting the experiment

1. Letter of appointment to the subject as Production Control
Manager of "Sunbelt Precision Engineers".

2.  Corporate history of Sunbelt Precision Engineers.

3. Pre-test questionnnaire entitled "Employee Personal History".

B] Given at the start of the experiment for the non-computer control
group only [for the computer experimental group the same
information was provided on the initial screens of the program].

4.  Operating characteristics of the firm
5.  Summary of the problem

C] Given during the experiment for the non-computer control group
[the computer experimental group used the computer to obtain this
information].

6. List of information available in data base )

7.  Statement that a simulator was available on the "mainframe"” to
predict outcomes of the subject’s decisions at the subject’s
request ) ]

8.  Request form for information by type and date

9. Request form for simulation to be run

D] After the experiment all subjects completed a questionnaire.

10. Post-test questionnaire entitled "Program Appraisal Report".

Examples of all these forms are included in Appendix 6. The computer

screens were identical to the printed information in the documents handed

out.
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APPENDIX 3
THE DECISION SUPPORT SYSTEM [DSS]

In order to enable subjects to grasp this problem within a short
period of time consistent with the practicalities of the field experiment
situation, a DSS was designed to model the production process and
calculate the firm’s profit for the forthcoming year.

The input to the DSS consisted of the make-or-buy decision for each of
the three products plus the level of maintenance.

There were four possible options open to the subject.

1. Increase maintenance on main machining plant; results - 10%
increase in cost of all products and a 10% increase in reliability of
plant.

2. Increase maintenance of one product’s [Cranks] castiné plant; results
- 10% increase in Cranks cost but a 20% increase in Cranks output.

3. Castings for a second product [Disks] could be made in-house
instead of by a vendor; results - increase of 15% in cost of Disks
but the same output [i.e. higher] as for Cranks.

4.  Castings for a third product [Rotors] could be made in-house instead
of by a vendor; results - increase of 12% in cost of Rotors but the
same output [i.e. higher] as for Cranks.

All of these could be chosen by the subject singularly or in
combination in addition to the option .of leaving the existing situation
unchanged. Thus, there were fifteen options available to all subjects.
These options represented the choices from which a final solution had to
be selected by each subject. The subjects’ choice represented their
production control decision with respect to the next financial period

[year] for the company.
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Part of the DSS operated as a simulator. This projected forward
the sales, back orders, inventory and profit for the next twelve months.
By this means, subjects could test the outcome of their choices in terms
of profit generated before they made their final decision as to their
optimal production control policy for the next year. The results of each
simulation appeared on the CRT for each subject immediately after the
execute command was struck. At the same time it was recorded in the
trace file for each S in the compuier memory and printed out at the end
of each experiment for the experimenters.

The DSS was designed to assist the decision process which it had to
do for subjects without either management or production control
experience. That it did so is evidenced by the fact that 23% of subjects
produced optimal results. The DSS could have been improved so that
most subjects produced optimal results but this would have been at the
expense of the experiment.

The DSS was also designed to leave a major part of the problem to
the subjects’ judgement and ability to go through the decision process
thoroughly and, if required, repeatedly.

The DSS also contained a calculator and a "scratch pad" so that
subjects could carry out all the operations of the decision process using
only the computer.

In the control condition, subjects had the same problem and the
same briefing as the experimental subjects; the difference was that the
information was available in printout form. They were also provided with

a hand-held calculator and scratch paper and were required to solve the
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problem with only those tools. In order to avoid the use of a simulator
being confounded with the experimental effect, the non-computer subjects
were told that a simulator routine was available from the "mainframe"
that produced the printouts. They could specify what simulations they
wished to see and the results were handed to them by the experimenter.
The difference between experimental and control groups was that the
experimental subjects ran the simulations themselves and saw the results
immediately while the control subjects had the results handed to them
after a two minute delay. The delay was introduced to add a time
penalty to compensate for not having to do any keyboard work to get the
simulation result. The subjects in the control group were given a list of
the options open to them. This list was identical to the options shown
to the subjects in the experimental group on their CRT screens.

Part of the structure imposed by the DSS was a limitation on the
courses of action that might be taken. These were simplified and laid
down in the DSS for all subjects because subjects were intended to be
constrained by the role they were playing - that of a Production Control
Manager. They could not adopt alternatives that might properly be the
province of other functional managers or of the Chief Executive of the
fictional corporation. One effect of this was to remove the element of
creativity. Subjects could not, for example, use a creative solution such
as "Merge with another company" or "Acquire a vendor company". From
an experimental viewpoint, if such solutions were allowed it would be
difficult to predict outcomes in the simulator. It also would have made it

difficult to evaluate the performance of all subjects on the same basis
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since decision skills would have been confounded with individual

creativity.

Information and Data Bases

The data available to each subject were common between the
experimental and control conditions. In the control condition the data
were given, when requested, in the form of printouts. In the
experimental condition, subjects had a PC and could access an internal
data base containing all the information needed to solve the problem
correctly, calling the data up on the CRT screen as needed. In either
condition, the data are the same; each page of printout is identical with
a corresponding screen of data on the PC. So, subjects had the facility
of being able to select and analyse whatever data they wished to use

without the data being a confounding factor.

Simulator

As the data base was a key element in the experiment it was
essential that it performed as an integrated data base would. The
algorithm for the simulator was constructed containing twelve linear
equations operating various functions and relationships such as inventory,
sales [shipments], back orders, incoming orders, machine loading, total
factory capacity and profit. The data base was integrated in the sense
that, for example, incoming orders impacted back orders, inventory, sales,
profit and production. Similarly, the level of back orders impacted the

rate of incoming orders three months later. The level of inventory
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prevented orders from being shipped when it reached zero. Future orders
were a function of past orders, an internally-generated sales trend and
the back order level from three months previously. Thus, the decisions
made by the subjects had multiple effects and required study and

experimentation to determine the key factors and their interrelationships.
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APPENDIX 4
CONSTRUCTION OF THE INDEPENDENT VARIABLES

Computer Experience

There were three measures of computer experience. One is a broad
measure of the number of computer applications experienced and the
respective frequency of use of each over the past five years. Another is
the personal use of, or ownership of, terminals and/or PCs both at work
and at home. This is described in the following paragraph. A third is a
second measure of the number of programs and software applications used
at work and at home along with an estimate of frequency of use. This
question was differently worded than the first question and placed in a
different part of the questionnaire to measure internal reliability. These
three measures were tested for covariance and combined in a scale.

It might be thought that only computer literate subjects would
volunteer for this experiment. In practice, the corporations asked for
volunteers for a business problem-solving test. Computers were not
mentioned until the subject came in the room. It is quite possible that
subjects who were computer illiterate could have heard that the
experiment involved using a computer from early subjects and not
volunteered. However, in practice, many of the subjects had no computer
experience or practically none. One or two had never touched a
keyboard before the experiment. That they functioned at all with so
little prior knowledge suggests that the experimental DSS was truly

user-friendly which it was intended to be.
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Computer Ownership

This variable measures the posession, or not, of a personal computer

or the dedicated use of a PC or terminal in an organization or at home.

5 - Owns and uses PC currently
4 - Has exclusive use of PC or terminal at home or work, but does
not own
3 ~ Shares use of PC or terminal at home or work
2 - Former user of PC or terminal but not currently
1 - Never used PC or terminal
TABLE 2
USE and OWNERSHIP of PCs by SUBJECTS
OFFICE HOME
# % # %
Company PC on Desk 26 22 6 5
wn PC on Desk 0 0 17 15
PC Used Not Shared 8 8 0 0
Shared PC Available 64 55 9 8
Others Do My Computer Work 10 9 3 2
Not Currently using PC 3 2 2 2
Never Used PC 5 4 79 68
TOTAL 116 100 116 100

Table 2 indicates that the majority of subjects [96%] had used a
PC/terminal before the experiment. Of the 35 subjects using a PC at
home, 17 had their own, six had one provided by their company and nine

shared one [presumably with a family member]. Of the 108 subjects using
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PCs/terminals in their office, 31% had their own exclusive unit, 59%

shared a computer and 9% had someone else handle their computer work.

Training in the Use of Computers and Systems

This variable is measured by the number of training courses in
computer or system software operation that the subject has had.
Training includes both academic MIS courses and in-house training in
organizations. Subjects are scored thus -
no previous training )
one or two training courses/seminars
three to five training courses/seminars
more than five training courses/seminars

TABLE 3

vounNo

CAREER TRAINING in COMPUTERS and SOFTWARE

# %
None 22 19
One or Two Courses 61 52
Three to Five Courses 20 17
More than five Courses 14 12
Total 117 100

Table 3 indicates that the largest group of subjects had one or two
courses Oor seminars on computers or software in their career. A third of

the sample had received more training than this.
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INTERVENING VARIABLES

Independent Variable - Computer Literacy

This is a composite of nine independent variables being the
answers to some of the questions in the pre-test questionnaire. In some
cases, answers to two or more questions were combined. This was
typically the case where, for purposes of reliability, an attempt was made

to elicit the same information in separate questions.
The nine variables were -

1 &2 Comﬁuter Ownership - Home/Office
These two variables refer to use or ownership of a terminal or
PC at home [QI17A] or in the office [Q17B]. Subjects were
given eight identical options for each situation, the options
representing increasing use. The options were scored from
zero to seven. The scores for "Home" and "Office" were coded
separately.

3. Computer Use

In Question 16 subjects were asked to estimate the frequency
with which they had used various types of computer functions
[spreadsheets, word processing, programming, data input, data
storage, printing and calculations]. They were given six
alternative answers for each category ranging from "zero" to
"60+ iimes". For each subject, these seven values were
averaged.

4. Software - Office Use i
Question 18 asked subjects to estimate how many different
programs and applications there were for which they used
computers either occasionally or regularly. Separate answers
were required for "Home" use and "Office" use. Thus, there
were eight possible answers of unlimited value. The answers
for "Home" and "Office" were summed separately and recorded
separately. This variable represents the total for "Office".
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5. Software - Home Use .
This variable is the subject’s score for the "Home" component
of Question 18.

6. Training
Question 19 asked for information on computer training
received. Subjects had four cg)tions to chose from ranging
from "No training of any kind" to "Taken more than five
courses/seminars." The four levels of training were coded zero,

L L]

7. Previous Computer Use )
Question 20 was an attempt to assess computer use by subjects
who did not currently use a computer but may have used one
in a previous job [from subsequent analysis, almost half the
sam{ﬂe fell into this cate ory(i. There were five options
available to each subject. They were coded from zero to four.

8 & 9. Computer Experience L
This question [Q21A & 21B] asked subjects to indicate how
many different computer systems they had experienced and,
separately, to rate those installations on a scale of 1 to 7,
anchored with 1 being "Total disaster" and 7 being
"Outstandingly good". The number of experiences was included
as Question 21A and the sum of the ratings as Question 21B.
For these nine and for all other scales and subjective values given
in answers, the raw data were converted into separate Z-scores for each
question in order to normalize the distribution of the data. A reliability
analysis was performed with a resulting Alpha of 0.7504 [n=112] which

indicates a satisfactory degree of internal reliability in the data.
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APPENDIX 5

CODING OF QUESTIONNAIRES

Coding of individual questionnaires and results for each subject were
done by one student. Coding instructions were written by the author for
the coder. Queries from the coder were marked on documents. Such
queries were resolved by the author, corrected where necessary and
applied universally thereafter. A sample of ten questionnaires (9% of the
sample) was chosen and checked column by column by the author. No

coding or data entry errors were found.

Data Files

Data from the experimental results and questionnairess for each
subject were entered in a data file array of 122 columns and 117 rows,
one row for each subject. The data were printed out in frequency
distributions for each field - representing usually one question - and
inspected by the author for entries obviously incorrect. These might
include values outside the limits laid down in the question or in the
coding instructions.

Ten cases were found where such errors were found. The
researcher went back to the original document - each subject had a
unique code number for all documents relating to him/her - determined
the correct answer and corrected the computer file accordingly.

The data printout was next inspected for unusual distributions. Six

were found. The individual questionnairess were checked for the correct
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values. These were corrected in the data set and the data printed out
again.

A second check using the same inspection process showed no
obviously incorrect individual entries and no unusual distributions.
At that point, it was decided that the data were entered correctly

and could be analysed.

Data_Analysis
The data were analysed using SPSS-X Version 3.3 for IBM

computers. The software was updated through June 30, 1990. Columns
were divided into 81 fields. The fields represented [A] Identification data
such as subjects ID number and date of the individual experiment; [B]
Experimental data such as answers to specific 'questions or results of the
individual experiments; [C] parameters for each subject calculated by
combining the answers to several questions.

Instructions were input regarding missing values. When a missing
value was found in an analysis, the questionnaire in which the missing
value occurred was dropped from that analysis. It was not dropped from
all other analyses since all other data on the questionnaire would be
usable. The number of valid questionnairess for each question was
tabulated. The valid questionnaires ranged from 109 to 117. This is the
range of Ns for each analysis.

It would have been possible to remove all questionnaires with any
missing value. This would have reduced the experimental N to 93. With

a 2 x 2 x 2 experimental design a decision was made by the author to



181
use as many questionnaires as possible for each analysis in order to
maximise the chance of finding statistically significant results. In that

way the experimental N for any analysis would be not less than 109.

Reliability Tests

There are four parameters. They are constructs from combining
data from several questions on the pre-test questionnaires. The metric in
individual questions differed. Some questions were "yes/no", others were
coded from 0 to 9, others were scales valued from 1 to 7. In all cases
the raw data were transformed into Z-scores. This normalized the

distributions of individual questions and resulting parameters.

A] Literate [Computer Literacy]

This construct variable or parameter was a combination of -

USE = Average of numerical answers to Q16
Ql17A = Computer ownership/availability in the office
17B = Computer ownership/availability at home
OME = Sum of numerical answers to the four parts of Q18A
OFFICE = Sum of numerical answers to the four parts of Q18B
Q19 = Training on computers or software
Q20 = Extent of past computer experience if not current computer
user
Q21A = Experience of computer systems - number of systems

Q21B = Experience of computer systems - rating of systems



182

Based on N=112, the Alpha coefficient was 0.7504. The lowest Alpha

when any one item is deleted was 0.6932.

B] Manex [Managerial Experience]

Managers were classified first by their employing organization. This
was checked by the experimenters before the start of the experiment by
asking for the title and exact nature of the subjects work. In the case
of a discrepancy, the experimenters’ classification was recorded and used

subsequently.

The managerial experience parameter was calculated from three

components.
MANAGER
= [Q1+Q6+Q9] + Q7 + QIl.
Ql = experimenters classification )
Q6 = number of staff reporting to the subject
Q9 = Brevmus managerial appointment
Q7 = Dollar value of current budget responsibility
QI1 = Number of months experience in previous managerial work

Based on N=114 the Alpha coefficient of this construct is 0.7172. The

lowest Alpha when any one item is deleted is 0.6158.

C] Decskill [Decision-Making Skill]

The answers to two Qs were combined to create this parameter.
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Q23 = Self-report rating as a managerial decision-maker
Q24 = Self-report of present performance [before the

experiment] as a manager

=

Based on N=111 the Alpha coefficient of this construct is 0.8240.

D] Proskill [Production Control Experience]

The answers to two questions were combined to create this

independent variable.

Q12 = Months of experience in production control functions
Q13 = Closed-end question about experience in production conirol
problems in present or past work

Based on N=111 the Alpha coefficient of this construct is 0.7396.
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APPENDIX 6

SAMPLES OF DOCUMENTS USED IN FIELD WORK
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SUMMARY OF THE PRORLEM

*This is a Summarv of Your Propblem

The comparnv's oroblem is that opack orders have led toa a
considerable loss of business in tne opast few vears. This can be
traced to three causes. The Tirst is tnat orders have exceeced
tne factory!s canacity on many occcasions. The secoend is that
veroor delivery aerfoarmance nas not been uo to  conbtract levels.
The thiro 1s tnat machire oreaxkcowns have led toa  1o0ss  of
orcducticn capacity on soth the rcasting olant for Rotors and on
the machining arocess Tor all thnree orocucis. The Latter orcblem
camoounds the capacity orablien.

Your task is +to reguce. o orevent altocoether, losses of
usiness aris:ivo Trom back orders whicn nave naslsenec  in the
past. Your sclutiorn will be evaluated bv the Zxecutive Commitiee

im two wavs. The first way will be by calculating the total
riumper of back orders for all three orcgucts that are likelvy to
cocur 1if vour scliutiorn is implemented amc iT  necmind orders are

estimates using the sales Torecast Tfor the rext twelve manths.
The secorid way is by  calculating the estimatec oross orofis
maraivr. that is. the difference betweernn seilinc orices and
estimatec costs assumineg vour scluticem is ant into effecs:y again
using the saies Torecast For the next twelve nonths.
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Thne main cnaracteristics of vour TFirm's orocesses are listed

below.

The

orocucticon orocess of vour firm has certain

cnaracteristics. You snculc understand these in order to sclve
the oroblem that vou have beern given.”

oot
.

o

y

i

1@,

It 158 a metal working mamifacturine orocess that makes oo
orger and not for ivivertorv.

The oroducts are made fTrom standard castings but  are
custamized for each customer!s soeciftic recuirements.

Tne orocess is a one machine coeratrion carried out o on a
stancard easting which is either bought—ivw or macge in—house
at tne choice of vour coamaany.

The machining srocess nas a

ilimited capacity ivn  terms of
the tatal rumber of units that

carn be orccessec BACh weeK.
Castings and machine time vary accorcing to aroduct.
Thne company makes three cifferent orooucis currverntlv.

The Tactorv aoerates on a five dav. 4@-hour weed dasis with

12 monthiy olarmane ceriocs in a  vear. Overtime 158 not
nossidie.

in the case of bougnt-in castings., vendors have cifferent
leac times as soecified 1n fneir contracis. Their
oerformance ievels apainst +the sopecified iead times vary
Trom Time $o time and deliveries carn hbe Llate aut are rever
caricelliec bv the vendor. Late deliveries are mace uo DbDv
the verndor wWorxlwg overtime awmc shidorinn bthe Late celiverw
at tne same time as a iater schedulec on—time celiverv.

ALl vencor comiracts car be cancelied by the congarnyv at one
week's rictice without senaltyvy but carnct  be cancellzsc 2y
The vendors.

Each orocuct nas a cifferent seilinc orice ano ocifferernt
costs. You can affect the coscs av vour cecisironms Bul vou
may rot charnce the selling orices.

Tne merxes 185 COMOSTiTive. Custoirers can  Suy Simi.ar
arocucts  Trom obhEr sudnllsrs gt orip2s nle  to
viours, He a result. 17 a cust e orcer Lavere
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ot time. there is a chance tnat he will oermarnentlv
transter Tuture orders tca anotner suonlier.

1&. Tnere are no standing oreers with vencors. The contracts
reguire vour company to ocrder eacn week from each vendor
exactly now many castings will be recuired in the future
{(the lmad times are laid down ivw  the vendor coriracis).
Ail sucih orocurement orders are for one week's suooly
cnly.

13. Castirgs mace in—-nhouse are similarly ordered each week oy
means of a Production Order which is alsoc forr orne ween's
sunoly orily.

The compary's orcblem 1is that back orders nave lea to a
cavisicerable ioss of pusiness i1m the nast few vears. This can be
traced to three causes., The Tirst is that orders have exceeded
the Tactory!s capacity on many cccasions. The seeconc is that
vendcr delivery oerformance nas ncot beew uo to contract levels.
Tne third is thnat machine breakdowns have led ©to loss of
production camacity onm bath the casting olant Tor Rotors and on
the machininp orccess Tor all three orocucts. Tne latter oroblem
campcounds the capacity orablem.

The orcblem that vou have oeen asked to scive is what should
the campany co to orevent tne ijcsses of pusiress arising oul of
tne back order situation Trom comtirnuirnog.

Tne constraints om vour sgiution o Lthis oroblem Tollow.
1. There are no cther vendors from whnom vou couwld buy anc the

oresent verngors nave saic that there i1s nothine eise they
can do to imorove their serformance.

o

imorovements To thne Rotors Easting 9rocess will increase
1ts reiiability by 20% Sut wiil alsc ace (@4 o the coast of
the orcouct This 1morovement coule le mace at  anv time anc
comaieted in orne week.

New maechives coulc de scusht to cast  irv—house either the
casting Tor Cranmks or tne casting fFor Disks o bpotn.
Amortisine these caosital exosenditures will iverease tne
costs of Cranks by 19% anc of Disks by 12 %. Such machines
could be irmstallied and rurnmine at one week's notice. The
outout of this new nlant woulc oe the same as tne cutout of
the machine used to cast osarts Ter Aroduct 07

2]
]

4, Imaravements
arccess. estim
oe comoletec
woula adc 94 3

o the reliadility of the ma:wm macnininc
atec to oe 17%, coule be made at anv time and
N oone week. ne cost of  such  imorovenmenss
o the cost of a.nl orocducts.
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The sales deoartment nas said tnat their sales forecasts
for the next tweive montns would oe grastically revised
dowrnwaras by S@% iT selling orices were raised by any
amount due to tne comoetitave nature of the markei.
Ircreased costs. therefore. will result in less orefit for
the comoanyv.

4]
L]

Durang the last vear. the comoany hired cutside consultarmts ta
imaorove sales forecastine by the saies aenariment. The
consultants made an economic maedel  which. iv reoeated testino,
araovea very accurate in forecasting what will hapgoen if
imoravenents are mace iw the reliability of varicus orocductiow
orocesses and if pack orders are reauced. This mocel isg
avairiable Tor vour use in reaching vour cecision if yvou wish.

7c recan. Your task 1s to reduce, o orevent altooetner.
losses of business arising from back orders which nave naoperned

in the oast. Your soclution will be evaluated by the Executive
Committee in twoe wayvs. The Tirst way will be by ecalculating the
total riumber of back orders Tfor all three oroducts that are

likely to cccur if vour scluticon is implemented and if iveccining
orders are estimated using the sales forecast for tne rnext tweive
montns. The second way is by caiculating the estimated oross
orafit maroinm. that is., the differerce between sellinc orices anc
estimated costs assuming vour scluticon is out into effect: acain
usinpg the sailes forecast Tor tne wext twelve mconrtns.

™
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POSSIBLE SOLUTIONS TO YOUR PROBLEM

fou have four options: to- choose from.

1. Increase maintenance on main machining plant; results - 10% increase in cost
of all products and a 19% increase in reliability of plant.

2. Increase maintenance of Cranks castings plant; results - 10% increase in
Cranks cost but a 20% increase in. Cranks plant reliability.

3. Castings
increase

4. Castings
increase

for Discs could be made in-house instead of by a vendor;- results -
of 15% in cost of Disks but the same output as for Cranks.

for Rotors could be made in-house instead of by.a vendor; results -
of 12% in cost of Rotors but the same output as for Cranks.

Any combination of these four options is possible including all four or even
none (this amounts to continuing the present situation).

“hoose from the following -

1.
2.
3.
4.

%*

Better maintenance on machining plant.
Better maintenance on Cranks castings plant.

Make Disc castings in-house.
Make Rotor castings in-house.

Some combination of the above four.
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PRE-TEST QUESTIONNAIRE
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Date

LFer Coding Use Onlva

Locat ion
Group Number
C. Lit
C. Xo___
C. At

Sunbelt Precisicn Znpineers

EMPLOYESZ PERSONAL HISTORY

ALL _INFORMATION DISCLOSED ON _THIS_FORM_IS_PROTECTED_RY

NON-DISCLOSURE REGULATIONS, NO_INFORMATION WIit BE
REVEALED EXCEPT_IN_SUMMARY FCRM_AND _IN _SUCH A_WAY TAHR~

Please complete this form: the information will helo

us to ensure that the best use is made of your exserience and
talents while working with us. Where there are alternative
answers for vou to chose, nlease out a check mark aicnoside the
correct answer.

Name __ _ S,
Your ace Under 295 s e
(nearest birthday 25 to 34 cwee s
35S to 44 s s mm s
45 to 5S4 enuneaa
S5 arnt OVeIlrsssasasa
Work Experience
i, What is yvour oresent JobD Title .. incnannscancnnns suanaan
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3 What is the orincioal activity of your 10D e ieecenncrnanenasonnnsn
4, To wham do you report in terms of resoonsibility?
S Do your report directly to the Chief Executive?
YES NO
{Please vcircle one anly
E. Do vou have any staff reporting directly or_indirectly
to you?
YES NG
If YES, how marmy?eueesswanssass
7. How larce is the budget for which youw gersornally
are resoocnsible?
o personal budoet feeamnen
under $120@, 022 Aweaenn
$10@, 200 but under $350@, Q00 ........
$500, 229 but under $1,200,000........
aver $1, Qg a0 cumeanan
(RPlease check one orilv)
8. How long nave vou neld this oositionfecesessscensances
VEAPS ecusnases MONEAS wevnusss
9. Eefore this aopocintment did vou hold any other

manaperial aooocintments?

YES NGO
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1. How much work exoerience have yvou had (include beth
full-time and bpart—-time where vou worked more tham 2@ hours put
less than 4@ hours a week on a regular bagis)?

‘Eull-time Part-time
YearsS.iseaass YearS.aeassass
Mot NSe e MerithSe s ansue

11. OF that time. how much could be classed as "manaperial"
work? (Marnagerial work is defined here as any position in which
vou were responsible for two or more employees, where you did

NOT regcort directly to the Chief Executive, President or
Chairman of the orpanization or where you controlled personally a
budoet of %10@,220 or more)

YearSeeasacans MorithSeeesecaa

i2. The job title of Producticon Conmtroller has been described in
various ways. Our definition is a manaper wha is resoonsible
for at least four of the following functicons: olaming or
scheduling of oroduction, staffing his department, controlling
inventories, purchasinog materials or comporents. controlling
casts, directing the use of physical rescurces. Usirip this
definition, how much, if any, exnoerience as a orocduction
controller have you had. (Having no experience will not
cdisgualify yout inm any way)?

YEarSe cuonnanns MOVt Se cnesaanen

i3. Have you any experience of handling oroducticn control

No experience of solving production

controal orocolems e s e
Experiencecd such oroblems orce or twice oefore ......4.
Experiernced such orcoblems three %o five times csesunnawn
Exoerienced such ovcblems more than Ffive times ..evecas

4
-~
5
L

(Please check one answer cnly)
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gducation_and Trainine

14, What is the highest level of educaticon reached in your
career so far?

Not compoleted High School crsenann
Completed High Schocoi cnsunnnn
Attended but not finished Junior

Collece aor Community Collepe seesasan
Attended but not finished Colleoe

(University) semsanan
Community Collece cracuate ceanennn
College (University) oracduate cnsasssn
Postoraduate exoerierce ceaunmen
Hipher depree or multiole deorees senr

(Please check ONE answer anly)

19. Have you ever had any courses or traininpg either in-house,
at seminars cr at schocol or college in managerial
decisiorn—marking?

No training of any Kind .
Takern crne or two courses/seminars crasweac
Takeri three to five courses/seminars ceesunaa
Takern moyve than five courses/seminars .

Computer Experience

i6. Because of their work, some secsle in crpanizations usa, or
nave used. computers in the sense of performing some of the
follawing tasks: data inout, data storape, soreadsneet avalysis,
caleulations, orinting of data., word orocessing, orogramming.

(Do rict incliucde the use or handling of orintouts.)
Iin_the_past_ five_ vears. how much direct commouter exoerierce
have you had of any or all of the above furncticns? Please cive
vour answer in terms of the number of times when vou have
nersornaily executed any of the aobove Tunctions.

Number of times

Naone i-4 S5—-i9 2e-39 4Z2-53 &2+
Data inout ! : : . : .
Data storanpe
Soreadsheet
Calculations ; I Tt YT
Bt i . b e e e
Word orccessing coormmer s
Propramming

U U T

(Piease check ONZ answer oniy inm each row)
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17. Do yocu have your own terminal or Personal Computer (PC) on
your desk or in your office or da you have access to one on a
shnared basis? Please pive two answerts, one relating to your
work situation, ‘the other relatinp to home.

Office Haime

Have a ccmaany P.C. on my desk cae “ene
Have my cwn P.C. on my desk couana .
Have a terminal on my desk or available

(not shared) fwaans ceeea
Have a P.C./terminal available but shared with

cthers crsean ceans
Dc viot have a P.C./terminal but have scomeone

to handle comouter coerationms for me caanne anmen
All my camputer needs are taken care of v the

data orocessino/information deot sasenn veres
Used to use a R.C./terminal but not currently “aw aasns
NMever usec a P.C./terminal ameaun cauna

(Please check ONE answer cnly in each column)

18. How many different uses and applications do you use?
Hame Office
Number of programs usec repgularly e ..
Number of proorams used cccasiornally “wnesn s
Number of apolicaticns ¥ for which the
nersciial camputer is used regularly - cawun camaa

Number of applicaticns for which the
oersonal comouter is used occcasiorndlliy ... “rans

* e.g.soreadsheet, check book, mailing,

fiiinmg, word orocessing
i9. How much training have you had ori combuters or software in
yoauy careevr?

Nee traindng of any Rind cnanaana
Taken ome or twa caurses/seminars avasamas
Taker three ta Tive courses/seminars ecaaxeas
Taken more than five courses/seminars wEmsmasw

(Please checx ONE answer cnly)
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2a. Everr though you may ncot have had yvour own terminal or

persanal computer or the use of either, how much exnerience have
you had of usivng the information cutput from computer systems of

all kinds?

Nct had to use data in my acb e
Used regularly but only a miner part of my 1ob ...,
Used regularly, a major oart of my jcb .

Used almast all the time, essential opart of job .....
Computer cutout is the nmain oart of 3ob, used
canstantly every day o una

(Please check ONE answer only)

2i. In your past work experience, you may have used or
chserved a variety of computer systems. How marny have
you exnerienced? Arnd how wonlcd you rate them orn a

scale of | ta 7 (7 beirg ocutstandinoly pood, 1 being total
disasters)?

Number of Ratinps of
Systems each system
Experienced exserienced
Naone canmeaae cemasaenme
Orie cnmly sensenna ceamsansaeann
Two or three cesenanw seenamsananne
Four or five e e s esaasanmnns
More than five ceieeeeea cemuwatnnamnns

2. How would you rate the computer system of the orpanization

where you are presently emplaoyed?

i ) 3 4 S & 7
Total Average Out-
cisaster standinoly

s falu]ed

23. How would vou rate vourself as a manapement cecisicorn—maker?

1 2 3 4 ] = 7
Wwill Comparablie Out-
imorove to other standing
with managers )

exoerience arcund me
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&4, How would you rate your present serformance as a manaper?
i = 3 4 S = 7
Will ) Comparable Out—
improve to other standing
with manapers
experience arcund me

25, If ten other decision makers were pivern exactly the same
decision environment (the same informatiorn system, reports,
coerating conditions), how many of these decision makers do you
think would make a better decision than you do?

THANK YOU FOR TAXKING THE TROUBLE TO COMPLETE
THIS PERSONAL HISTORY
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DOCUMENTS RELATING TO THE DATE BASE

FOR USE IN THE PRINTOUT MODE ONLY
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REQUEST FOR SIMULATION/RESULTS OF POSSIBLE SOLUTION

Blease let me have the likely results/cutcome of my choice of

coticon/omotions number(s) ceasnenan

Signedesseencunsaasnannnns
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LIST OF DATA AVAILABLE

REPORTS Past Sales
Past Production

Past Inventory

TIME PERIODS 198% 1961 1982 1383 1384
PRODUCTS Crarks
Disks

Rotors
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MEMORANDUM

July 15, 1985

8.22 a.m.

From: The Office of the PMresident

TO! vecnosansnassnunnnns

Congratualtierns on your decision to join cur orpanizaticn and
welcome aboard!

1. Your appcintment is as Production Cormtrol Manaper of the
Nopales facility oraducting crankshafts, discs and rotors.

Your resconsibilities are -

o

achieving progduction budoet

maximizing factory efficiency
eliminatine stock—outs and back orders
maximizine customer service
maintaining zero defect cquality

-

S Youu resort to the Vice-President of Production

4, Apart fraom your routine duties, your first assigriment, on
this vour first day, is to recommend what action we shounld take
to effect a lorio—term soluticn to the continuwing orobiem we have
been experierncing in production over several years. Our
oroducticon nas always been 100%4 in quality but in service we have
done a poocr 1ob. Mraduction has not been wo to schedule and, as
a result, we have freguently had to back order our customers.
This has lost us cornsiderable busirness as marmy of ouwr customers
have takerr their business lonp-term to cur competitors.

In oart this is due to our vendors being urmable to meet their
cantractual levels of delivery time. In part the oproblem is
cdue o our awrn machinery becoming older and subject to more
frecuent breakdowns.
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A separate reoort has been orepared by consultants analysing the
orablem and setting out the ocotions. An extract of this report
is available to yaou. Basically, it comes down to a chcoice
betweer upgrading our ecquioment, fabricating more of our
component reauirements in—house or making more use of vendors.
DQur finarncial boys have costed ocut these cotions and their
estimates are in the renort too. However this is a production
cartrol oraoblem anmd the decisiaon should come fram the Productiorn
Cortroller - you!

=R In your considerations you should be aware that we have
adeguate cash and credit to carry out any reasonable policy we
decide on.

= Your recommerdations are recuired for the Executive
Committee which meets in exactly 60 minutes time. Please come
to the Beard Room oramptly at the time stated. Be orepared to
make ar cral presentation of your proncsals. You will be
reauired to defend you decision with facts.

7. RPlease recgard this assigrment as an coportunity to show
what you can do under oressure. In daing so you will confirm
cur cpinion of youw as beino a po—petter

arntg an achiever. Good luck!

Lot // éiéafm/

William J. Gleeson

Aresident

P.S5. You might finmd the accompanyirng cooy of our corporate

history of value in solving youwr problen.
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BRIEFING DOCUMENTS

STATEMENT OF THE PROBLEM
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BRIEFING DOCUMENTS

CORPORATE HISTORY



205
CORPORATE HISTORY

SUNBELT PRECISION ENGINEERS

This orivately owned company was started in Tucson in 1874
by Eric Hulin who was a skilled machinist. Mr Hulin learwnt his
trade in Cincirnatti where he worked for several erngineering
firms. RAfter Hiph School and two years in trade schocol to learn
metal working, Hulin started as a lathe ocperator. He improved in
skill and experienced and demoristrated his ability with
numerically cortralled machinery as well as traditional
machines.

In the late 6@'s industry was expanding ogererally and the
demand for precision made parts grew. Encineers such as Hulin
were in short sunoly and he was able to move to the enpgireering
firm with the best reputation for cuality precision products in a
three state area. Ultimately, Hulin became a tocl-maker whose
regutation was such that clients demanded that he alocrne wonuld
work orn their orders.

In the mic~-78's, a recession cut crders for machine tools
drastically and marny engirneering firms had to cut back their
coeraticons includino their staff. Bercause of his reputation and
skill, Hulin was was kent on the payroll by his emplayers but the
avertime workino which was a standard oractice in the industry
was cut cut altcpether. Overtime earnings normally made up 25%
of the gross earnings of skilled machinists and the lass in
income had a severe impact.

Hulin took this setback as an coportunity te seft up in
business for himself. He moved to Tucsorn and operned & machine
shoo with an SBA loarn. Starting with one numerically-controlled
machine he spent his days canvassirng the few marnufacturing firms
in the Scuthern Arizona area by day arnd working on the orders he
tack by nipht. He based nis stratepy on two features. UOne was
always to oroduce work of the highest guality with tolerances
aiways well within the customer's specifications. The other was
always tc deliver orn time.

The busiress grew slowly, mainly by repeat orders From
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satisfied customers aupmerted from time to time by new custoers
who soupht him out based on word of mouth advertising. Within
three years he had five machirnes financed by a larper loan, this
time from the bank. His problem row was to find men who could
oroduce the same guality of work that he did. This proved more
difficult than he had imapined arnd there was an initial set-back
when the acuality of output from his workers fell noticably and
some larpe customers were laost. Hulin responded to this
challenge by reducing his wark force to those few men who could
mateh his standards. This meant that his ocutput was severely
restricted compared with the available demand.

The arnswer to this oroblem was found in the new peneration
of camputer controlled machines that machine tool makers were
startino to oroduce. Having only a few machines, Huliv was able
to move auickly into a position where comouter contralled
ecuipment handled the bulk of his work and his clder numerically
controlled machines were used as stardbys in case of breakdowns
or to provide excess capacity. His small staff of skilled men
meant that labor costs for Sunbelt Precision Erncineers were the
lowest in the area and Hulirn was able to win a disproporticnately
large share of bid business for orecision machininog.

As the business expanded snace became a problem ancd in 1278
the company maved to new ourbose—~built oremises in Nogales. This
gave them more and better accomodationm at less rent than they had

beer paying before. The reduction in overhead came at a zood
time as far as heloing the company survive the recession of
198&2-3. Hulin alsc avoided the orablem of staffing up with high
labor cost skilled machinists while at the same time maintaining
his guality standards. He persuaded a leocal voecational collece
to run courses in orecision enpineering for young secple from
minority communities. These courses combined classroom traimivg
with on—the-jcob experience in his factory where the studernis were
aporenticed to an exgerierced worker. He alsco oersuaded the
local community povernment arnd a Federal training program to
subsidise the whcole orocoram. As a result he had a low cost work
force well capable of running his computer controlled machinery.

Suribelt Precision Enpireers now beparn to orow rapidly
especially with the prowth of certairn defense cortractors in the
area. In 1988, the busiress consisted of ftwa comoonents. Ore
was a hiphly orofitable but relatively small volume of
custom—desioned orecisicw parts for defemse and hich-tech
incdustry. The main volume came from three broac catecories of
oraducts, crankshafts for diesel ermpines, disks for automcbile
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disk brake assemblies and universal couplings for helicopter
rotors. Within the company these oroducts were referred to as
"eranks®, "disks" and "rotors" in everyday business. Rl1l three
catepories consisted of products with similarities between the
orders of one customer compared to ancther but each custamer's
reguirements differed in dimensions and specifications. In all
three categories, the company bcought castings from cutside
vendors and machined them to the customers' snpecifications in
their own plant.

By 1985, the company had expanded to a second factory and
moved the special orders for their defense and _high-tech
customers into the second facility. The aripinal Neopales plant
handled the ertire cutput of cranks, dises and rotors.
Additicrally, the company had recently installed its cwn casting
nlant in order to lessen their dependerce on cutside vendors for
the supoly of castings. This move was a departure from the
fivrm's stratepy which was to stay within its own sphere of
ccmpetence, namely, erncineering. Castino techriclony was new to
the firm and they had to rely entirely on the know-how of two men
hired fram castino firms in the mid-west. Ensuring the right
deogree of aguality in their casting praducts to minimise
subsequent machining time arnd inherent defects such as structural
cracks was a major, and as yet unresclved, problem. Each of the
two facilities — deferse and Nopales — have their own Production
Controllers and plarn their cwrn orcoducticon orocrams.
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BRIEFING DOCUMENTS

ROLE OF THE SUBJECT
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113

SALES FORECABYTS 1985/6 FiIL

PRINT "Droduet Sales Forecasts 1985/6

By Broduct, by Month. in Units"

hat=] djrtal Cramiks Disks Rotors

1389

May LE2Q =Y/ i
Jur 125a 65 1@
RETH 1Zaa 65 i
Aug 1352 7@ 15
Seo L4Q@ 7@ is
Cet 1425 75 19
Nizv 1455 75 i
Dec 1475 8@ ]
1386

Jan 15aa 8@ =40
Fes 1320 ag z@a
var 153 el @

Ror 130@ 107 z@
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POSSIBLE SOLUTIONS TO YOUR PROBLEM

You have four options- to- choose from.

1. Increase maintenance om main machining plant; results - 10%¥ increase in cost
of all products and a 19% increase in reliability of plant.

2. Increase maintenance of Cranks castings plant; results - 10% increase in
Cranks cost but a 20% increase in Cranks plant reliability.

3. Castings
increase

4. Castings
increase

for Discs could be made in-house instead of by a vendor; results -
of 15% in cost of Disks but the same output as for Cranks.

for Rotors could be made in-house instead of by a vendor; results -
of 12% in cost of Rotors but the same output as for Cranks.

Any combination of these four options is possible including all four or even
none (this amounts to continuing the present situation).

choose from the following -

1.
2.
3.
4.

-

Better maintenance on machining plant.
Better maintenance on Cranks castings plant.
Make Disc castings in-~-house.

Make Rotor castings in-house.

Some cpmbination of the above four.
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POST-TEST QUESTIONNAIRE
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Sunbelt Precision Evigirneers

PROGRAM APPRAISAL REPORT

Propram_Name: Procucticon Control Comouter Praoram_and

Yoo N u s e s s e s v e wanvsssussassecnascanassanssnenns

1. If you have rot already dore sa, indicate what strateoy, if
any, vou were Tollaowima in makino your decision.

. If yvou have riot alreacy dore so, please write in any cother
soluticon which was noi listed that vou wounlcd like to have chosen.

@ ¥ 8 W &% ¥4 s d AR N R A S S SRR A SR E NN NEANS e ERE NN 4N EES%SNSSAENSESEE S NEeR s A.

Sa Please describe as briefiy as oossible the exact nature o
the task you have just onerformed.

%
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4, What was the exact oroblem that your orpanization faced?

Te How were you to be evaluated by the Executive Committee
on your oerformance?

% @ & 88 R W esA e RS s NN RS NS E SRS N4 E YN NEETEN R RN EEENS NN .S SN NN AN RS E AN R

&. How much control did you Teel you had over the
decision—making orocess that you have just been through?

1 3 4 S & 7
No Scme Full

o

persanal corntral gersonal
cortrod corntyrol
7. Do you think vouw had the resocurces to make a pood decision?
3 = 3 4 S ) 7
Had alil Had enacugnh : Did wot
the resources resources to have encuah
to make a make an adacuate resources to make
goioC decisionm decisiaon an adeguate decisian
8. Could yon have macde a setter decisicon?
Yes N
3. I coulc have made a better decisiorn if onlvececasavenn

M s e RS A% A EENSS SN e NE NP M EEESNERANSSESNENA]EN A aA AN NS S ANR RS RS ESauS

4 4 e e a W SN EAS AR E NS 4G E R NS ESES AR EA RSN ENE M NS S ES M NS S I RN NS SN NN
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i, How different was this decision—making orocess from what
you normally do?

1 e 3 4 ] 6 7
Very Abcut Very
dissimilar the same similar
11. How good was this decision—making orocess combared to
what you normally do?
1 2 3 4 5 6 7
Much Abaut Much
Better the same worse

1. As a result of this test, how would you rnow rate
yourself as a marnacement decisionm—maker?

! e 3 4 S 6 7
Will Same as Dut-
imorove ny oeers standine

with

exneriernce

13. How well dao you think you have done in this task?
i 2 3 4 S 6 7
Poorly Same as Qut-
ny oeers standing
14. Why did you give voursel? the ratinge that vou just cid?
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15. How would you rate your performance in your regular iob?

1 2 2 4 S & 7

As good _ Comparable Out-

as my ta other standing
experience manapgers
allows arcund me

16€. If ten other decision makers with whaom you are persornally
familiar were givern exactly the same decision envirarment that
you have experierced (the same information system, reports,
coerating conditicons), how many of these decisicor makers do you
think would make a better decision than ycou did?

{(Blease record a number from @ to 18)

7. If vou were to continue vour role as a Producticon Coantrol
Marmaner and continue to make decisions, how pood do you think
yvour future decisions would be? (Choose cne wumber arnly)

@ 1 P 3 4 S & 7 a8 2 12
Very Rbout Very
nach the mueh
wonrse same better
18. What were the key elemerts in the orablem you were piven?

(Cireclie all those that apply)

Cash Flow

Verdor deliveries

Aoor cuality outout

Excessive coasts

Machine breakdowns in casting

Shortage of incoming orders

Back orders

Customer comolaints

Shortape of orcductiorn machine capacity
Ereakdowns of production machine

=g NN mu D e

=
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19. How easy cdo you think this oroblem was?
(Circle one number anly)
1 3 4 7
Too ' Like Too
Easy Most Difficult
Business
Prablems

e
w
m

za. You frank comments are most welcome because it is only by
your exoerience that our system can be imoroved for the berefit
of you and cthers. Please feel free toc be as candid as you
wish. Both nepative and oositive remarks will helo us. You
may use the back of this repocrt if you need extra soace.

@ @ W e EAS S F N NS N EAd SN TN NSE NN AN S NS EY P NS YR e E N NN AR S AET AN e u A

THANK YOu FOR YOUR HELP
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RESEARCHER'S RECORDING FORM

FOR USE IN THE PRINTOUT MODE ONLY
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D. INVESTIGATOR'S RECORDING FORM FOR “PRINTOUT"CONDITION

Subject’s Name. ..asesasssnosssnsns
LoCat it e s usannaanacaanasnanananns

1. TIME — Starteieeeeecoes
— Finishescoceaas

2. INFORMATION REQUESTED

128@ 1981 - 198& 1382 1384
Sales Reports -
All Prioducts 1 = 3 4 S
Production Reoorts -
All Products [ 7 a 9 1@
I'nvertory Reoorts -
All BProducts 11 1= 13 14 18

(Circle all items requested)

3. HAND CALCULATOR USED

Yes Nz
4, SIMULATIONS REQUESTED
1 = 3 4
18&& 1&3 1&4
=2&3 284 &4

3. FINAL CHOICE

&. RESEARCHER'S NAME
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RESEARCHER'S RECORDING FORM

FOR USE IN CHECKING BALANCE OF SAMPLE
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SURJECT ALLOCATION GRID

MOoDE i SUBJECT TYPE
T | 1
i ; . !
] Marnager/Comouter Manacer/rnon—computer |
i Literate i Literate !
(Broun 5) ! (Grouo 3)
i
Comouter :
(Grouo 13 : {Grouo 1)
Printout
Noern—Manager/Comouter Nom-Manager/risn—
Literate Computer Literate
(Groua 6) : {(Brouo B)

Comouter

{(Broup 2)

l’q

(Grounp
Printocut

l
.- ce o .. e e ceeae
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n

o

INFORMATION AVAILABLE 221

Sales Repcort (incliudes)

Orders Received monthly
Factery Outout/Sales monthly
Back orders at end of month

Inverntory Report (includes)

Procurement Orders monthly

Ciasing Inventory

Maximum Inverntory during mowth

Deliveries/In—+House Production Received durirng
mentin

Production Reoort (includes)

Orcers Receivec curinc month
Back arders froam orevicous monthn
Marnmtacturing Outout/Sales

Sales rForecasts by orcduct for rnext twelive months

Coastinp

Selling

gata oy orcduct

Prices by orocucst
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SELLING PRICES FILE

PRINT "Seillirnc Prices by Prcaduct

198@ Throuph 1984"

Crarnxshatts $62. Q2 eachH
Disk Brakes $13. 02 each

Rotor Couplivios (Helicooter) $128. 8@ each
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PRODUCT COSTS FILE

PRINT "Praduct Costs by Product

1380 through 1384%

Crarnxksnafts $42. Q¢ each
Disk Brahkes $12. 00 eacn

Rotors Couolirmgs (Seliccooter) $1@Q7. 07 each



Production Operations
Simulator 1.0

Generated Reports
S.M.5.L. SYSTEMS
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SALES REPORTS
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Crankshafts
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Sales Report for Crankshafts

1980
BACK

MONTH ORDERS ORDERS  SALES
Jan. 34 70 19
Feb. 22 0 92
Mar. 46 0 46
Apr. 32 0 32
May 31 0 31
Jun. 40 0 40
Jul. 32 0 32
Aug. 32 0 32
Sep. 38 0 38
Oct. 32 18 14
Nov. 26 0 44

0 39

Dec. 35
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Sales Report for Crankshafts

1981
BACK

MONTH ORDERS ORDERS  SALES
Jan. 29 0 29
Feb. 33 0 33
Mar. 31 0 31
Apr. 29 0 29
May 29 0 29
Jun. 28 0 28
Jul. 32 0 32
Aug. 33 0 33
Sep. 20 0 29
Oct. 30 0 30
Nov. 34 0 34

7 22

Dec. 29
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Sales Report for Crankshafts

1982
BACK
MONTH ORDERS ORDERS  SALES
Jan. 30 0 37
Feb. 34 0 34
Mar. 20 0 29
Apr. 29 0 29
May 29 0 29
Jun. 27 0 27
Jul. 27 0 27
Aug. 26 0 26
Sep. 29 0 29
Oct. 29 0 29
Nov. 29 0 29
Dec. 29 0 29
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Sales Report for Crankshafts

1983
BACK
MONTH ORDERS ORDERS  SALES.
Jan. 31 0 31
Feb. 27 8 19
Mar 27 0 39
Apr. 27 0 27
May 30 0 30
Jun. 26 0 26
Jul. 26 0 26
Aug. 26 -0 26
Sep. 29 ¢ 29
Oct. 26 0 26
Nov. 30 0 30
Dec. 27 0 27
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Sales Report for Crankshafts

1984
BACK
MONTH ORDERS ORDERS  SALES
Jan, 26 0 26
Feb. 31 6 25
Mar. 27 0 33
Apr. 31 0 31
May 33 0 33
Jun 33 0 33
Jul. 31 0 31
Aug. 31 0 31
Sep. 39 8 27
Oct. 30 29 9
Nov. 11 0 40
Dec. 28 0 28
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Disk Brakes
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Sales Report for Disk Brakes

1980
BACK
MONTH ORDERS ORDERS  SALES
Jan. 62 7 09
Feb. 49 0 56
Mar. 51 7 44
Apr. o1 0 o8
May 50 0 50
Jun. 70 0 70
Jul. 78 4 74
Aug. 89 93 0
Sep. 37 130 0
Oct. 39 169 0
Nov. 0 0 169

Dec. 24 0 24
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Sales Report for Disk Brakes

1981
BACK
MONTH ORDERS ORDERS  SALES
Jan. 20 0 20
Feb. 15 0 15
Mar. 27 0 27
Apr. 21 0 21
May 21 0 21
Jun 32 0 32
Jul, 34 0 34
Aug. 29 0 29
Sep. 32 0 32
Oct. 32 0 32
Nov. 31 0 31
Dec. 32 0 32
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Sales Report for Disk Brakes

1982
BACK
MONTH ORDERS ORDERS  SALES
Jan. 44 0 44
Feb. 49 0 49
Mar. o7 12 45
Apr. 63 75 0
May 44 119 0
Jun. 1 0 120
Jul. 20 42 8
Aug. 13 0 00
Sep. 21 0 21
Oct. 28 0 28
Nov. 21 0 21
Dec. 23 0 23
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Sales Report for Disk Brakes

1983
: BACK
MONTH ORDERS ORDERS  SALES
Jan., 33 0 33
Feb. 39 0 39
Mar. 42 0 42
Apr. 37 0 37
May 02 38 14
Jur. 43 51 0
Jul. 24 0 105
Aug. 40 39 1
Sep. 18 57 0
Oct. 12 0 69
Nov. 32 0 32
Dec. 21 0 21
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Sales Report for Disk Brakes

1984
BACK
MONTH ORDERS ORDERS  SALES
Jan. 22 0 22
Feb. 34 0 34
- Mar. 39 4 31
Apr. 29 33 0
May 30 63 0
Jun 15 0 78
Jul., 29 0 29
Aug. 32 0 32
Sep. 24 0 24
Oct. 27 0 27
Nov. 28 0 28
Dec. 36 5 31
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Rotors
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Sales Report for Rotors

1980
BACK
MONTH ORDERS ORDERS  SALES
Jan. 78 69 89
Feb. 101 112 o4
Mar. 0 o0 62
Apr. 27 17 60
May 29 0 46
Jun. 16 0 16
Jul, 54 0 54
Aug. 29 0 29
Sep. 29 0 29
Oct. 33 0 33
Nov. 68 9 59
Dec. 33 10 32
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Sales Report for Rotors

1981
BACK

MONTH ORDERS ORDERS  SALES
Jan, 34 0 44
Feb. 39 0 39
Mar. 31 0 31
Apr. 30 0 30
May 29 0
Jun 26 0 26
Jul. 29 0 29
Aug. 23 0 23
Sep. 22 0 22
Oct. 53 0 03
Nov. 29 0 29

0 30

Dec. 30

29
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Crankshafts
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Inventory Report for Crankshafts
1980

Vendor Ending Maximum
Month Orders Inventory Inventory

Jan. 17 0 19
Feb. 64 149 241
Mar. 17 120 166
Apr. 17 105 137
May 18 92 123
Jun 17 69 109
Jul, 17 41 73
Aug. 17 39 71
Sep. 17 5 43
Oct 36 0 14
Nov. 36 32 76

Dec. 16 1 36

242



Inventory Report for Crankshafts

1981
Vendor  Ending Maximum
Month Orders Inventory Inventory
Jan. 33 17 46
Feb. 31 15 48
Mar. 34 18 49
Apr. 33 22 o1
May 33 26 55
Jun 31 6 34
Jul, 30 27 o9
Aug. 31 25 58
Sep. 33 29 o8
Oct. 33 32 62
Nov. 16 14 43
Dec. 33 0 22
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Inventory Report for Crankshafts
1982

Vendor Ending Maximum
Month Orders Inventory Inventory

Jan. 33 21 o8
Feb. 33 20 o4
Mar. 33 24 23
Apr. 33 : 2 - 32
May 32 31 60
Jun. 14 18 45
Jul., 30 21 48
Aug. 29 24 50
Sep. 28 27 52
Oct. 13 11 40
Nov. 28 14 39

Dec. 28 13 42




Inventory Report for Crankshafts

1983

Vendor
Month Orders

Ending

Maximum

Inventory Inventory

Jan. 29
Feb. 30
Mar. 30
Apr. 30
May 28
Jun. 29
Jul. 29
Aug. 29
Sep. 14
Oct. 28
Nov. - 28
Dec. 30

11

0
17
20
18
21
24
27
12
14
12
15

42
19
52
47
48
47
50
53
41
40
42
42
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Inventory Report for Crankshafts

1984
Vendor Ending Maximum
Month Orders Inventory Inventory
Jan, 29 18 44
Feb. 29 0 29
Mar. 29 18 o1
Apr. 29 16 47
May 31 14 47
Jun. 32 13 46
Jul. 34 16 47
Aug. 34 19 o0
Sep. 33 0 27
Oct 34 0 9
Nov. 34 44 84
Dec. 12 19 47
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Disk Brakes
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Inventory Report for Disk Brakes
o 1980

Vendor Ending Maximum
Month Orders Inventory Inventory

Jan. 45 0 o0
Feb. 02 44 100
Mar. o1 0 44
Apr. o4 39 g7
May 00 40 90
Jun. o1 24 94
Jul. o/ 0 74
Aug. 66 0 0
Sep. 79 0 0
Oct. 68 0 0
Nov. 20 88 253

Dec. 17 64 88
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Inventory Renort for Disk Brakes

1981

Vendor Ending Maximum

Month Orders Inventory Inventory
Jan. 12 132 192
Feb. 17 134 149
Mar. 18 119 146
Apr. 18 115 136
May 20 94 115
Jun 21 98 130
Jul. 25 84 118
Aug. 27 76 105
~ Sep. 27 44 /6
Oct. 26 64 96
Nov. 27 33 64
Dec. 27 o4 86
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Inventory Report for Disk Brakes

1982

Vendor Ending Maximum
Month Orders Inventory Inventory
Jan. 30 10 o4
Feb. 36 19 64
Mar. 42 0 43
Apr. 20 0 0
May o6 0 0
Jun. 29 8 128
Jul, 36 0 8
Aug. 32 56 11
Sep. 24 71 92
Oct. 18 75 103
Nov. 20 78 99
Dec. 20 73 96
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Inventory Report for Disk Brakes

1983
Vendor  Ending Maximum
Month Orders Inventory Inventory
Jan. 22 60 93
Feb. 26 45 80
Mar. 31 3 45
Apr. 37 14 o1
May 38 0 14
Jun. 44 0 0
Jul 44 1 106
Aug. 40 0 1
Sep. 36 0 0
Oct. 27 09 128
Nov. 18 27 09
Dec. 18 6 27
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Inventory Report for Disk Brakes

1984

Vendor  Ending  Maximum
Month Orders Inventory Inventory
Jan. 22 65 87
Feb. 22 31 65
Mar. 26 0 31
Apr. 30 0 0
May 33 0 0
Jun. 31 40 118
Jul, 20 483 73
Aug. 20 47 79
Sep. 23 43 67
Oct. 24 16 43
Nov. 28 31 o9
Dec. 26 0 31
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Rotors
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Inventory Report for Rotors

1980

Vendor Ending Maximum
Month ~ Orders Inventory Inventory
Jan. o4 0 89
Feb. 62 0 o4
Mar. 60 0 o4
Apr. 63 0 60
May 45 17 63
Jun. 24 46 62
Jul, 25 16 70
Aug. 39 12 41
Sep. 35 18 47
Oct. 39 20 03
Nov, 32 0 o9
Dec. 45 0 32
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Inventory Report for Rotors

1981

Vendor
Month Orders

Ending

Maximum

Inventory Inventory

Jan. 47
Feb. 47
Mar. 37
Apr. 36
May 30
Jun 28
Jul. 27
Aug. 29
Sep. 23
Oct. 33
Nov. 34
Dec. 36

1

9
29
32
39
43
46
20
03
23
27
31

45
48
ob
62
68
69
71
73
75
76
o6
61
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Inventory Report for Rotors

1982

Vendor Ending Maximum
Month Orders Inventory Inventory
Jan. 39 34 67
Feb. 32 4 73
Mar. 46 0 36
Apr. 70 0 46
May 100 0 70
Jun. 82 44 100
Jul. 20 0 126
Aug. 03 0 o0
Sep. 81 0 03
Oct. 80 0 81
Nov. 112 0 80
Dec. - 81 0 112
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Inventory Report for Rotors

1983
Vendor Ending Maximum -
Month Orders Inventory Inventory
Jan. 78 0 81
Feb. 79 0 78
Mar. 83 0 79
Apr. 52 28 83
May 24 28 80
Jun. 42 17 92
Jul. 42 24 o9
Aug. 43 0 66
Sep. o7 0 43
Oct. 83 0 o7
Nov. 116 0 83
Dec. 89 0 116
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Inventory Report for Rotors

1984
Vendor Ending Maximum
Month  Orders Inventory Inventory
Jan. 100 0 89
Feb. 109 0 100
Mar. 152 0 109
Apr. 177 25 152
May 198 0 202
Jun. 225 196 198
Jul. 161 27 421
Aug. 169 0 188
Sep 167 0 169
Oct. 135 0 167
Nov. 142 0 135
Dec. 71 0 142
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PRODUCTION REPORTS
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INVENTORY REPORTS
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Sales Report for Rotors

1982
BACK
MONTH ORDERS ORDERS  SALES
Jan, 33 0 33
Feb. 69 §) 69
Mar. a9 63 36
Apr, 119 136 46
May 16 82 70
Jun. 135 161 56
Jul. 0 35 126
Aug. 96 81 50
Sep. 133 161 53
Oct. 91 171 81
Nov. 8 09 80

Dec. 125 112 112
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Sales Report for Rotors

1983
BACK
MONTH ORDERS ORDERS  SALES
Jan. 112 143 81
Feb. 0 65 78
Mar. 37 23 /9
Apr. 32 0 99
May 02 0 . 22
Jun. 35 0 35
Jul, 39 0 39
Aug. 92 26 66
Sep. 109 92 43
Oct. 131 166 57
Nov. 14 97 83

Dec. 142 123 116
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Sales Report for Rotors

1984
BACK
MONTH ORDERS ORDERS  SALES
Jan. 1594 188 89
Feb. 139 227 100
Mar. 213 331 109
Apr. 214 418 127
May 216 432 202
Jun. 266 696 2
Jul. 0 302 394
Aug. 211 325 188
Sep. 195 391 16G
Oct. 0 184 167
Nov. 213 262 135
Dec. 0 120 142
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Crankshaftts
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Production Report for Crankshafts

1880
BACK
MONTH ORDERS ORDERS PROD
Jan. 34 70 19
Feb. 22 0 92
Mar. 46 0 46
Apr. 32 0 32
May 31 0 31
Jun. 40 0 40
Jul., 32 0 32
Aug. 32 0 32
Sep. 38 0 38
Oct. 32 18 14
Nov. 26 0 44
Dec. 35 0 39
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Production Report for Crankshafts

1981

MONTH ORDERS ORDERS PROD
Jan, 29 0 29
Feb. 33 0 33
Mar. 31 0 31
Apr. 29 0 29
May 29 0 29
Jun. 28 0 28
Jul, 32 0 32
Aug. 33 0 33
Sep. 20 0 29
Oct. 30 0 30
Nov. 34 0 34
Dec. 29 7 22
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Production Report for Crankshafts

1982
BACK
MONTH ORDERS ORDERS PROD
Jan. 30 0 37
Feb. 34 0 34
Mar. 20 0 29
Apr. 29 0 29
May 29 0 29
Jun., 27 0 27
Jul. 27 0 27
Aug. 26 0 26
Sep. 29 0 29
Oct. 29 0 29
Nov. 29 0 25
Dec. 29 0 29
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Production Report for Crankshafts

1983
BACK
MONTH ORDERS ORDERS PROD
Jan. 31 0 31
Feb. 27 8 19
Mar 27 0 39
Apr. 27 0 27
May 30 0 30
Jun. 26 0 26
Jul. 26 0 26
Aug. 26 0 26
Sep. 29 0 29
Oct. 26 0 26
Nov. 30 0 30
Dec. 27 0 27
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Production Report for Crankshafts

1984
BACK
MONTH ORDERS ORDERS PROD
Jan. 20 0 26
Feb. 31 6 25
Mar. 27 0 33
Apr. 31 0 31
May 33 0 33
Jun 33 0 33
Jul. 31 0 31
Aug. 31 0 31
Sep. 35 8 27
Oct. 30 29 9
Nov. 11 0 40
Dec. 28 0 28
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Disk Brakes
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Production Report for Disk Brakes

1980
BACK
MONTH ORDERS ORDERS PROD
Jan, 62 7 95
Feb. 49 0 o6
Mar. 51 7 44
Apr. o1 0 08
May - 20 0 50
Jun. 70 0 70
Jul. 78 4 74
Aug. 89 93 0
oep. 37 130 0
Oct. 39 165 0
Nov. 0 0 165
Dec. 24 0 24
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Production Report for Disk Brakes

1981
BACK
MONTH ORDERS ORDERS PROD -
Jan. 20 0 20
Feb. 15 0 15
Mar. 27 0 27
Apr. 21 0 21
May 21 0 21
Jun 32 0 32
Jul. 34 0 34
Aug. 29 0 29
Sep. 32 0 32
Oct. 32 0 32
Nov. 31 0 31
Dec. 32 0 32
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Production Report for Disk Brakes

1982
BACK
MONTH ORDERS ORDERS PROD
Jan. 44 0 44
Feb. 49 0 49
Mar. o7 12 45
Apr. 63 79 0
May 44 119 0
Jun. 1 0 120
Jul. 50 42 8
Aug. 13 0 09
Sep. 21 0 21
Oct. 28 0 28
Nov. 21 0 21
Dec. 23 0 23
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Production Report for Disk Brakes

1983
BACK
MONTH ORDERS ORDERS PROD
Jan, 33 0 33
Feb. 39 0 39
Mar. 42 0 42
Apr. 37 0 37
May 02 38 14
Jun. 43 81 0
Jul, 24 0 105
Aug. 40 39 1
Sep. 18 o7 0
Oct. 12 0 69
Nov, 32 0 32

Dec. 21 0 21
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Production Report for Disk Brakes

1984
BACK
MONTH ORDERS ORDERS PROD
Jan. 22 0 22
Feb. 34 0 34
Mar. 35 4 31
Apr. 29 33 0
May 30 63 0
Jun 15 0 78
Jul. 25 0 25
Aug. 32 0 32
Sep. 24 0 24
Oct. 27 0 27
Nov. 28 0 28
Dec. 36 0 31
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Rotors
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Production-Report for Rotors

1980
BACK

MONTH ORDERS ORDERS PROD
Jan. 78 69 89
Feb. 101 112 o4
Mar. 0 20 62
Apr. 27 17 60
May 29 0 46
Jun. 16 0 16
Jul. 54 0 54
Aug. 29 0 29
Sep. 29 0 29
Oct. 33 0 33
Nov. 68 9 o9
Dec. 33 10

32
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Production Report for Rotors

1981
BACK
MONTH ORDERS ORDERS PROD
Jan, 34 0 44
Feb. 39 0 39
Mar. 31 0 31
Apr. 30 0 30
May 29 0 29
Jun 26 0 26
Jul. 29 0 29
Aug. 23 0 23
Sep. 22 0 22
Oct. 23 0 53
Nov. 29 0 29
Dec. 30 0 30
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Production Report for Rotors

1982
BACK
MONTH ORDERS ORDERS PROD
Jan. 33 0 33
Feb. 69 0 69
Mar. Qo9 63 36
Apr. 119~ 136 46
May 16 82 70
Jun. 135 161 o6
Jul. 0 39 126
Aug. 96 81 o0
Sep. 133 161 03
Oct. a1 171 81
Nov. 8 99 80

Dec. 125 112 112
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Production Report for Rotors

1983
BACK
MONTH ORDERS ORDERS PROD
Jan, 112 143 81
Feb. 0 69 78
Mar. 37 23 79
Apr. 32 0 S}5)
May 02 0 02
Jun. 35 0 39
Jul, 35 0 39
Aug. g2 26 66
Sep. 109 92 43
Oct. 131 166 o7
Nov. 14 Q7 83

Dec. 142 123 116
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Production Report for Rotors

1684
BACK
MONTH ORDERS ORDERS PRCD
Jan. 1594 188 89
Feb. 139 227 100
Mar. 213 331 109
Apr. 214 418 127
May 216 432 202
Jun. 266 696 2
Jul. 0 302 394
Aug. 211 329 188
Sep. 195 391 169
Oct. 0 184 167
Nov. 213 262 135
Dec. 0 120 142
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SALES FORECASTS
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Product Sales Forecasts 1985/6
By Product, by Month, in Units.

283

1985

Month Cranks  Disks Rotors

May 1200 60 10
Jun. 1250 65 10
Jul. 1300 65 10
Aug. 1350 70 15
Sep. 1400 70 15
Oct. 1425 75 15
Nov. 1450 75 15
Dec. 1475 80 15
1986

Month Cranks Disks  Rotors

Jan. 19500 80 15
Feb. 1500 89 20
Mar. 1500 90 20

Apr. 1500 100 20
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