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ABSTRACT 

This study was a field experiment to test the influence of two 

different computer conditions on decision-making in an organizational 

setting. The experiment was carried out in ten mid-sized corporations. 

The 117 subjects contained about equai numbers of managers and 

non-managers. The computer conditions tested were [1] a personal 

computer used with a distributed data base and [2] the traditional 

mainframe with a central data base supplying information by printouts. 

The experimental problem was identical in both conditions as was the 

data in the data base. An additional part of the experiment was to vary 

the amount of information provided. Half the Subjects in both test 

conditions had only half the information available to them that the other 

half of the Subjects had. 

The results indicated that personal computers were more efficient by 

enabling Subjects to reach decisions faster. PCs did not produce better 

outcomes overall. 1\..1anagers performed best using the traditional 

printouts. Their performance declined in effectiveness [but not in 

efficiency] when using a PC. With non-managers the reverse applied. 

Non-managers performed best when using a PC if they were computer 

literate. In fact, computer literate non-managers with PCs performed 

better than managers in either test condition whether the managers were 

computer literate or not. The level of information available is important. 

More information leads to better decisions. 

The implications of the results for management are that [1] more 

training in the use of computers will produce better outcomes in 
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decision-making; [2] PCs can improve productivity by achieving better 

effectiveness through better decision outcomes and do so more efficiently 

by taking less time. Non-managers using PCs can make managerial 

decisions as well as managers can if the non-managers have computer 

literacy training. This tends to support the view that managers can be 

de-skilled by the arrival of pes in the workplace. 



CHAPTER 1 

INTRODUCTION 

Purpose of the Study 

12 

The purpose of this research was to study the impact of 

computer-based information technology on managerial decision-making. In 

particular, the study looked into decision-making based on the use of 

personal computers [pes] in association with distributed data base 

information system technology [DDBIS]. 

Managerial work was selected for study because studies of the 

impact of computers on clerical work already exist (Whisier, 1970). Also, 

managerial work is appropriate because management practices and 

decision-making have been and continue to be revolutionized by the new 

computer technology (Simon, 1965). There is also a good case to be made 

because of the relative importance of the outcomes, for automating the 

job of the manager first, rather than last (Simon, 1977). 

The personal computer has added to the manager's capacity to use 

computer-power in a number of management tasks. These tasks would 

include storage and analysis of data, modeling of problems as well as 

composing, printing and transmitting documents and information 

electronically to other users of 'personal computers. All such capabilities 

change task and work definition as well as capabilities and performance 

standards for managers. 

The growth of this revolution has been immense. Launched in the 

late 1970s, the number of PCs grew by 40-50% a year in the early 1980s 
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reaching 3.5 million Personal Computers [pes] in business locations, 

representing an expenditure of $14.2 billion by 1985 (Kleinschrod, 1986). 

By 1989 the total investment in PCs was estimated at $260 billion, 

representing 64 million PCs sold (Wall Street Journal, 1989 B). Like all 

trends, presumably, it must top out but it does not show signs of doing 

so just yet. Even when all managers are in possession of the hardware 

there are still miles to go in raising the sophistication of the managerial 

work that can be performed by the software. 

Specific Objectives of the Study 

The main objective of this study was to examine and measure the 

improvements in efficiency and effectiveness of managerial 

decision-making that may be brought about by the new developments in 

the computer industry which date from a period beginning in the early 

1980's. Specifically the study addressed the effect on managerial 

decision-making of using personal computers or terminals in conjunction 

with distributed data base information [PC/DDBIS]. The developments 

affect the ability of individual managers distributed throughout the 

organization to effectively access computer-stored files and data bases in 

an on-line mode with their own computer capability on their desk. 

Additionally, they concern managers' ability to extract and manipulate 

such data to help make sound decisions. 

These developments differ significantly from previous data processing 

methods. Prior to the 1980s, in many organizations, information was not 
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freely available. Either for reasons of security, status or perceived 

functional efficiency, managers could usually receive only those data 

which were thought to relate specifically and directly to their areas of 

operation or responsibility. With DDBIS, theoretically, managers have the 

opportunity to access from their own desks the organization's entire data 

base subject to practical limitations of security or confidentiality 

[Christie, 1985]. It is claimed that the ability to access more data is one 

of the advantages of the new technology. In this study, conventional 

information sourcing (printouts) will be compared to the new technology 

of individual PCs coupled with self-selected data access [PC/DDBIS]. 

The specific objectives are listed below. 

1. To determine whether decisions that are made using the new 

technology are better decisions in the sense that they use the 

minimum resources possible. 

efficiency. 

This is a measure of decision 

2. To determine whether the outcome of decisions made using new 

technologies results in better performance. This is a measure of 

decision effectiveness. 

3. To see if any effects that are found are common across managers 

with different degrees of decision skills or management experience, 

or whether the effects are equal across all managers. 

4. To investigate if effects found are common across managers with 

differential degrees of computer experience. 
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5. To investigate if managers' behavior using the PC/DDBIS technology 

is significantly different from that of non-managers. 

6. To attempt to discover whether managers' perceptions of their skill 

level and their job satisfaction change with the use of the new 

technology, and whether the changes are consonant with objective 

assessments of the sgme two criteria in the same circumstances. 

7. To attempt a projection of any findings in terms of possible future 

trends that this new development may have on organizations and 

managers who work in them. 

The Computer's Effect on Decision-Making 

The original development and functions of computers in the 1950's 

were concerned with the transition from the "punched card" mentality to 

information processing [Dieboldt, 1985]. This meant the recording and 

storage of large amounts of data and performing relatively simple 

calculations with or manipulations of that data. In the main it was a 

replacement for much clerical work at a time when such clerical work 

was expanding. The American Productivity Association in 1982 estimated 

that white collar workers constituted over half the labor force and 

accounted for $1 trillion, or 70%, of industry's annual payroll (Bikson, 

1985). 

In the 1960s, the contribution of computers to corporate information 

gathering and processing became sufficiently important for Data 

Processing to be regarded as a separate function within the corporation. 
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During the 1970s, information proliferated but most of it was outside the 

computer's data automation process [Dieboldt, 1985]. This raised new 

problems of information capture, storage and retrieval which were 

overcome by increased memory capacity, by random access disk storage 

and by the development of relational data base software. This greater 

power of computers, the increase in storage capacity of data bases, 

greater sophistication of software and the falling cost of computer work 

enabled data that was formerly outside the company to be brought into a 

firm's computer system. 

The arrival of the word processor affected primarily secretarial and 

office support workers rather than clerical workers. In turn, pes are 

leading the drive to office automation and to the supporting of 

managerial work (Klienschrod, 1986). In the decade of the 1980s, 

information was recognized as a strategic resource similar to capital, 

human resources and proprietary knowledge [Eckerson, 1988]. 

In the area of decision-making, three significant changes took place. 

First, the computer evolution added accuracy to the input of information. 

Second, it extended the scope of those decisions that could be better 

made with the assistance of the computer because data were now 

available which would have previously been impractical to collect. Third, 

executives were able to use the computing power of the nardware 

together with the large amount of data in the storage system through the 

intermediary of a data processing staff to undertake computations that 

were infeasible by earlier means. Typically, this led to an increase in the 

use of modelling techniques such as linear programming for 
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problem-solving. It enabled managers to apply decision techniques that 

were already known but whose widespread use was denied until the new 

technology became available. Fourth, the PC and the distributed terminal 

freed managers from their dependence on a data processing department 

and provided them with a powerful personal work tool. 

The last area of development is in adding intelligence and reasoning 

ability to software programs. The use of Decision Support Systems and 

Expert Systems are just the start of a new wave of innovations designed 

to transfer human intellectual work to computers. 
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CHAPTER 2 

RESEARCH INTO THE IMPACT OF COMPUTERS ON WORK 

Clerical Work 

When mainframe computers began to invade the commercial world in 

the early 1950s one of the principal fears voiced was that they would 

lead to massive unemployment. The thought was that since computers 

could do so much clerical work so quickly there would be no need for 

people. Thirty years later the same fear was voiced about the increase 

in factory automation. This, it was said, would drive out skilled jobs 

completely. Neither has vroved to be true as originally postulated. 

In the 1960s, Whisler undertook a major study of several of the 

larger insurance companies which were in the process of installing 

mainframe computer systems [Whisler, 1970]. The main finding of his 

study was that, contrary to expectation, there was no reduction of total 

employees after the computers were operating. There was, however, a 

change in the composition of the workforce. The number of clerical 

workers was substantially reduced. At the same time, an equivalent 

number of new workers had been engaged to operate the new computer 

systems. These workers needed different and higher skill levels than the 

clerical workers so there was a change in the mix of tasks and skills in 

the werk force. 

After concern about levels of employment, computer research took a 

new direction. Many firms were installing computer systems, almost all 
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of them for the first time. It was a major risk for most firms and there 

were many failures. War stories abounded about installations that were 

months overdue in startup, of systems that were flawed and caused major 

financial problems to the companies operating them, and of companies 

having to completely adjust operating procedures in order to conform to a 

computer system. One of the early researchers was Enid Mumford and 

her colleague at Manchester University in England [Mumford & Pettigrew, 

1975; Mumford, 1981]. Their research demonstrated that successful 

computer installations might be mandated from the top down but success 

came from designing and installing the system from the bottom up. In 

other words, the system must be designed to fit the work and needs of 

the people whose work was being computerized. To expect the workers 

and the work to change to fit some ideal system was likely to lead to 

system failure. 

Such an obvious finding should be self-evident. Could any firm not 

want to adopt such an obviously beneficial process? Yet, in the early 

1980s in a study of major corporations in the U.S. dealing with computer 

installations and expansions, Bikson and her colleagues came to the same 

conclusion [Bikson et aI, 1981, 1985]. Although few firms are faced with 

a computer installation de novo - other than start-up firms - many are 

faced with the need to expand their existing system. Such expansion is 

subject !o the same problems as a new installation and these problems 

can be overcome by adopting the same solution reported years previously. 

At this point in time computer research relating to organizational 

behavior took two separate directions. One group focussed on the effects 
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of computers in the workplace. The other investigated the emerging field 

of office automation. 

Office Automation/Technology [OT] 

Office automation, or Office Technology rOT] as it is currently 

named, has been defined variously as -

"the electronic transfer of information as a substitute for 
the physical movement of f.aper over some segment of the 
transmission path." [Henry . Brink, 1981];) 

" ... an arrangement of technology which helps business 
move information more effectively [Kleinschrod, 1986, pI4];) 

" ... the application of microelectronic information 
technology and communication technology to office work." 
[OTA, 1985, p7]). 

The first author goes on to point out that such a concept is not 

new in that it could be said to have started with the telegraph circa 

1844. However, the term "office automation" has been used from the 

mid-1970's through the 1980s to refer to the use of a series of electronic 

developments all linked to the availability of computers and, in particular, 

terminals or personal computers. 

definitions for office automation-

Kleinschrod lists several other 

the application of electronics to office operations 
a process that improves the flow and access of information 
within the organization 
a network-based system of advanced technology which allows 
workers to perform more effectively 
an organization-wide system that supports the general needs 
that all office workers have [1986]. 
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Much of this research deals with the economic justification of office 

technology which has tended to be through the use of case histories 

rather than empirical studies. One area of empirical research has been 

the study of electronic networking and the changes it brings about in 

individual interpersonal behavior within the organization. 

Organization Structure 

While this research was being carried out over a twenty year period, 

changes were taking place in the structure of organizations. The common 

organizational form in the 1950s and 1960s was the hierarchical 

bureaucracy with functional specialization. Even small firms had 

functional specialization and some bureaucratic procedures even if not 

large enough for an elaborate hierarchy of management. The thrust of 

management thinking in the late 1980s was towards management practices 

that are based on the organic management style first put forward as ideal 

for companies faced with technological change in the 1960s [Burns and 

Stalker, 1969] and later prescribed by more recent authors [Tichy and 

Devanna, 1986; Peters, 1987]. Among the essential features of the new 

management style is extreme delegation of authority; "Empowerment" is 

the word used by Peters [op.cit.]. In this scenario, decisions are passed 

down not just to managers but to "those nearest to the problem" [Peters, 

op.cit.]. Therefore, any research into what might once have been styled 

"management decision-making" would now have to address the decision 

performance of non-managers as well as traditional. ~anagers. This is 
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because non-managers in future organizations may have as much authority 

and responsibility to make decisions as middle management formerly had. 

Impact of Computers on Managerial Work 

Computers in business have progressed from performing basic clerical 

work through secretarial work to managerial work. The next task to be 

faced is that of automating the office. This means computerizing the 

administrative and coordinating functions of the business. In this task 

managerial work will be a major part of the task for two reasons. 

TABLE 1 

BREAKDOWN of ADMINISTRATIVE SALARIES by 
GRADE OF WORKER 

Executive wages 
Secretarial wages 
Clerical wages 

Source: Kleinschrod, 1986 

76% 
6% 

18% 

100% 

One reason is the importance of the work itself. The second reason is 

economic. A breakdown of office wages in the early 1980s based on 

government statistics revealed the components as shown in Table 1. 

In focussing on managerial work one would look at its components. 

A traditional view of a manager's role might include the following skills: 



Interpersonal skills 
Information processing 
Decision-making under uncertainty 
Resource allocation 
In trospection 
Entrepreneurial risk-seeking and risk-taking ability 
1973) 

Another approach classifies managerial work as: 

Work pushers 
Expediters 
Pace Setters 
Prioritizers (Simon, 1977) 
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(Mintzberg, 

The first list tends to emphasize the judgmental component of a 

manager's work; assembling and weighing data, estimating probabilities of 

success or of various outcomes, and prioritizing the ends or goals as well 

as the alternative courses of action. The second list emphasizes more the 

interpersonal components of the manager's role. His relations with those 

around him who look to him for support if superiors; for leadership if 

subordinates; and for cooperation if peers. Decision-making is common 

to both components which indicates its universality in managerial work. 

One expression of this universality is the statement that "Rational 

decision-making epitomizes the most important activity of managers in 

formal organizations." [Murray, 1986, p49]. 

It is likely that both components - rational decision-making and 

interpersonal relations - are affected by the impact of a new and 

important technology such as personal computers and distributed 

information systems. Interpersonal relations are subject to change 

through networking. Rational decision-making may be affected by the 
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way computers, data bases and PCs or terminals alter information access 

and processing. 

By now the use of computers in general, and PCs in particular is 

widespread. As long ago as 1984, a survey by Arthur Andersen & 

Company of 300 companies - half large, half small - indicated that PCs 

had gained widespread acceptance by decision-makers in all business 

sectors [Boyle, 1984]. 

Implications for Managerial Decision-making 

Some of the implications for decision-making have already been 

mentioned or implied. Computer-mediated communications provide fast 

and precise information exchange and have the potential for increasing 

participation in decision-making. In fact, a Booz, Allen and Hamilton 

survey reported that 77% of managers claimed that the main benefit of 

office automation is enhanced decision-making [Jarrett, 1985]. There are 

several reasons for this. New computer technology facilitates the 

networking of dispersed groups. Rapid communication is possible across 

several levels in the organization. Computer access to managers is less 

dependent on status and protocol (Martino, 1972; Linstone and Turoff, 

1975; Lancaster, 1978). However, groups may need the structure that 

hierarchies give even if they interfere with ideal decision-making 

processes (March and Olsen, 1976; Salancik, 1977; Kelley and Thibault, 

1978). Kiesler speculates that in technical problem-solving, 

computer-mediated groups might be disorganized, democratic, unrestrained 
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and more creative than groups using traditional channels of 

communication. 

However, they might have trouble reaching consensus and they might 

not operate as "cool, fast decision-makers" (Kiesler et al.,1984). As yet 

no empirical findings have been found to support these views. 

At a more general level, much routine office work can be 

computerized or automated. However, less structured management work 

can usually not be automated. But, the technology of computers can be 

used to support the managers and executives. In the first case, 

quantitative statistics of work output can easily be produced and are an 

appropriate measure of changes in productivity due to computerization or 

OT. In the second case, the qualitative aspects of executive work such 

as creativity, motivational ability, and quality of decisions made are less 

susceptible to measurement for productivity purposes. This has driven 

researchers to focus on the bottom line - the profit for each department 

or unit. This is, unfortunately, a global figure susceptible to influence by 

many factors besides those under investigation. The subject of cost 

justification is a matter of dispute and there is much reliance on case 

studies. A review of the topic is to be found in Kleinschrod [1986]. 

One of the frequently encountered problems in decision-making is 

how to handle qualitative information. Frequently, 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. A recent paper offers a method of bringing descriptive, 

qualitative attributes into decision considerations [Klein & Beck, 1987]. 
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Another study which attempted to combine qualitativ~ and quantitative 

data examined job characteristics in terms of personal and environmental 

factors. This 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 perc~ptions. Unfortunately, the 

statistical results failed to meet acceptable levels of significance [Kaban 

& Duchon, 1988]. Another approach can be found in linear programming 

approaches with multiple conflicting objectives. In a 1986 study, the 

researchers developed software to deal with the conflicting multiple 

objectives problem common to many decision-makers. Conventional 

solutions such as vectors or linear programming require the 

decision-maker to prioritize the objectives a priori which presumes 

knowledge not always available. These researchers proposed to use the 

eigenvalue algorithm to interactively solve for the multiple objective 

linear programming problem [Gen & Ida, 1986]. This software solution is 

claimed to be 'user-friendly' but the principle of mixing qualitative and 

quantitative variables is not simple to apply in a work situation. It 

would require research in each specific case to determine a metric for 

the qualitative variables. Even then, there is st~ll the possibility that 

the values that emerged might vary from executive to executive and from 

situation to situation. 

What is lacking from all this is empirical results of the impact of 

PCs on specific aspects of managerial work such as planning, 
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communicating, organizing and decision-making. This study deals with the 

latter. 

Computer Technology, Managerial Professionalism 

and The De-skilling of Managers 

The category of professional and technical people in the labor force 

has been the fastest growing segment (Whisler, 1967; OTA, 1985). As a 

result, the management work force contains more professionals than 

before - 15 million workers in 1979 compared to 7.5 million in 1960 

(Naisbitt, 1982). A recent study estimated that the proportion of senior 

executives using some form of computer support system has risen from 2% 

in 1983 to 13% in 1989 [MIT/Arthur Young. 1989]. 

Early writers saw these professionals mainly as middle managers and 

saw them becoming increasingly specialized and more highly programmed 

due to the spread of computers (Porter and Ghiselli, 1957; Uris, 1963; 

Burck, 1964a, 1 964b;). There was a trend towards greater rationalization 

of their work and, at the same time, more impersonalization (Simon, 1965, 

1977). There is a loss of control of tasks as these become automated in 

the form of programmed decisions and a loss of planning functions to top 

management or Operations Research specialists (Jackson, 1970; Ignatzio 

and Sharman, 1971; OTA, 1985; Kleinschrod, 1986). There is less need for 

managers to interact and to use their interpersonal skills with 

subordinates because remote access terminals and computers monitor 

performance. This finding is corroborated by Zuboff (1982b) who suggests 
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that a reduction in the amount of man-driving and expediting work 

performed by managers (and supervisors) is likely. As more decisions 

become programmed and both Decision Support Systems [DSS] and Expert 

Systems [ES] become more widespread, there is an accompanying 

restriction of the exercise of judgement on the part of managers. This 

limitation of the managerial role has been referred to by Geisler [1988] as 

the substitution of artificial managers for human managers: 

"The concept of artificial management - and its 
operational manifestation in artificial managers - may connote a 
dehumanizing attempt to eliminate or severely curtail the 
participation of human managers in the processes of the 
organization. " 

The whole question of the impact of computeers on management 

skills has been discussed widely and opinions have polarized. On the one 

hand there are those who claim that managers become de-skilled, and 

there are those who see managers becoming more skilled. Examples of 

de-skilling appear in interviews of Zuboff (1982a) and in the discussions 

at the Office Automation Conference as reported by Kleinschrod [1986]. 

Edwards (1979) argues (in terms of all workers and not specifically 

managers) that control is one of the dominant issues in large 

organizations. In this he is talking of management's need for control of 

the organization. In such circumstances, technology becomes one way of 

ensuring control and, in the process, of de-skilling supervisors since the 

control function can now be more automated. 

It is appropriate, in this context, to mention the ideas of Braverman 

(1974) who saw technology implementation as a deliberate policy on the 
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part of senior management to de-skill some workers. The object, as 

Braverman sees it, is to divide the working class into skilled and 

unskilled for the ultimate benefit of either the owners of capital or the 

controlling management. Top management might apply similar principles 

in their drive to enhance their control over increasingly complex 

organizations (Becker, 1981). 

Add to this spread of computer technology the downsizing that has 

been taking place in larger U.S. corporations for about ten years or more. 

Following the 1980-82 recession when blue collar workers were losing 

their jobs, companies in the late 1980s have turned to managers and 

professionals as a tempting target {Business Week, 1990]. Through 

downsizing management ranks during these years, 3 million management 

jobs were eliminated [\Vall Street Journal, Sept 1990]. The volume of 

work is not reduced which causes pressure on the fewer managers 

remaining to increase their output. There is a further dimension to the 

problem from downsizing. Two later reviews see the reduction in the 

number of managers at all levels, top, middle and supervisory, with the 

greatest reduction being in supervisors. This has different effects at 

different levels of the hierarchy. With modern technology, top managers 

can effectively control more subordinates, and process more information 

and more aspects of the business than before. This, essentially, gives 

them more immediate hands-on control than they had before. This, 

presumably, is more satisfying. In contrast, much of the work of the 

middle manager and supervisor has been routinized and decentralized 

[OTA, 1985; Hart, 1986]. In the light of earlier criticism of excessive 
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specialization this makes the work of middle managers less satisfying. 

Also, as the organizational hierarchy has become flatter the span of 

control of the middle manager has become wider. This means more 

subordinates to supervise and be responsible for. As more organizations 

turn to decentralization, more authority is thrust down to lower levels 

of the organization. While authority can often be delegated, 

responsibility remains with those from whom the authority comes. Thus, 

the middle managers remaining after downsizing or reorganization will 

have greater responsibility because they have more subordinates reporting 

to them and those subordinates will be exercising delegated authority for 

which the middle manager remains responsible overall. Pressure on the 

middle managers is further increased because the work of middle 

managers themselves can now be more closely and more easily monitored 

by senior management [Kleinschrod, 1986; OT A, 1985]. Taking everything 

into consideration, the middle managers have a much less satisfying task 

than before the recent changes in computer technology and in 

organization structure. Add to that the thought that personal computers 

in particular and office automation in general could produce the effect of 

de-humanizing managerial work itself. This could lead to considerable 

de-skilling of managers but it need not necessarily do so. 

The notion of dehumanizing is not an undisputed area. There are 

two schools of thought calling for action to prevent its happening. One 

group [including Hirsch, 1984, Jackson, 1974 and Mitchie, 1982 among 

others] argues for limiting the dehumanizing effects of technological 

advances on social or moral grounds. The other group [including 
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Silverman, 1985, Agor, 1985 & 1986, Mintzberg, 1976 and others] argue 

against allowing deskilling because of the fundamental and enduring 

necessity of retaining human creativity in managerial work and decisions. 

An alternative hypothesis could be advanced that, as organizations 

become more complex, decision makers welcome any process that reduces 

the number of decisions that they have to make. Hence, decision support 

systems, expert systems and computer-aided decision systems in general 

are seen as tools that enable managers to cope more effectively and 

easily with their increasing work load. Mastery of such decision systems 

is a measure of their executive ability and, consequently, skill enhancing. 

In effect, managers become more output-oriented and less 

process-oriented. This latter point of view is the one on which this 

research attempts, in a small way, to shed some light. 

Whisler (1967), pointed out the inherent conflict that arises between 

greater professionalism and the increased use of programmed 

decision-making. Managers with greater skills reasonably expect to use 

these skills and to be given discretion to define and solve problems and 

not have the problem solved by computer application of decision-making 

rules. It could be that the new technology provides the means by which 

the growing complexity and inter-relatedness of organizations could be 

managed. Through computer systems, more linkages and uncertainties 

could be transformed into programmed decisions and algorithms handled 

by computer routines. This would leave managers free to concentrate on 

a smaller number of important but unprogrammable decisions. 
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Computer technology can also increase managerial satisfaction or 

managers can gain in satisfaction from applying new skills and tools to 

difficult problems. Katz (1975) refers to this as intrinsic satisfaction 

accruing from role performance. An example of this is found in a cas~ 

study of a major corporation [Bikson et al.,1985]. This longitudinal study 

was carried out in a major corporation and investigated the problems 

associated with a major expansion of its computer system. Among the 

results, was the finding that user satisfaction with their job and with the 

way the expanded computer system assisted their work was increased 

when users, including managers, had direct input into the design and 

installation of the system. As Mumford found with new computer 

installations [Mumford, 1981] Bikson confirmed with installation extension, 

that bottom up installation produces better results and increased job 

satisfaction. 

It is possible that the installation of a new technology such as 

PC/DDBIS of itself leads to more training in computers and other 

job-related skills because more managers are now interacting with 

computers and programs directly rather than through the data processing 

department. This implies a facility with the physical aspects of data 

processing under the new technology either from experience or training in 

both hardware and systems software operation. Also the facility that the 

new technology provides for modelling, simulation and graphics offers 

possibilities of creative use of information by managers to generate 

imaginative solutions to old problems as well as unimagined opportunities 

for new business (Business Week, I 984a). In total, this viewpoint sees 
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greater professionalism of the management work force accompanying the 

increased use of the new technology. The recent development of the 

laptop computer which enables managers to take computers with them 

when travelling, or while working in transit or away from their home 

office, facilitates the increasing use of computers. 

A different viewpoint, however, is expressed by other writers who 

saw managers moving from their present position as specialists to being 

generalists (Murdick and Ross, 1972). Such writers saw the work of 

middle managers becoming increasingly complex and elaborate with greater 

content (Shaul, 1964). In fClct, the work of the middle manager becomes 

more akin to part of the work carried out by top managers (Anshen, 

1969). Part of this is due to an increase in management skill related to 

having to handle computers and systems (Jackson, 1970). Another part is 

the increasing delegation to subordinates (Ignatzio and Shannon, 1971) 

referred to earlier. This trend has been commented on by Dieboldt who 

saw the computer revolution as a means of retaining valued employees 

who either wished to be more of their own boss or who wanted greater 

flexibility in their working conditions [Dieboldt, 1985]. 

pes and distributed data processing imply that managers have access 

to data from many different parts of the organization as well as data 

from outside the organization itself. The span of intelligence-gathering 

widens beyond the narrow departmental perspective which is traditional in 

functional management. Similarly, some of the problem-solving tools such 

as simulations allow the needs of many departments or of diverse 

organizational stakeholders to be met simultaneously. This new 
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technology with its extended data base, its rapid access and response 

times and its ability to work in real time has the potential to enable 

managers to leave their narrow specialization and adopt a broader 

perspective when this is called for by organizational moves to 

cross-functional team working. The new computer technology also 

facilitates the move to wider spans of managerial control referred to 

earlier. 

The more individual managers move from being specialists to being 

"generalists", the more complex and uncertain their task becomes since 

they work in more disciplines and deal with more topics. Using computer 

technology to solve same of these problems leads to structured work 

becoming routinized and unstructured managerial work becoming supported 

by computers [Kleinschrod, 1986]. The greater the uncertainty, argues 

Scott (1981), the more autonomy and discretion individuals can retain 

over their work. In the light of computer developments such as 

PC/DDBIS, the opportunities exist for managers to become permanent 

generalists. 

"Middle managers .. .find their roles expanded and their 
functions changed. Generalists not specialists are needed as 
companies demand solutions to interdIsciplinary problems." -
[Business Week,1983]) 

In these circumstances, managers become more skilled although the 

trade-off may be that fewer managers are required (Business Week, 

op.cit.). 

The new computer technology could impact managers' job 

satisfaction. Handling the new technology adds to their ability to 
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perform their tasks in a complex environment and a concurrent increase 

in information flow. Thus, managers acquire a new professional skill as 

the handling of this sophisticated technology adds to professionalism. In 

any case it remains an area that could potentially impact managers' 

decision performance either for reasons of technical performance or 

self-esteem. In one case study, managers reported that computer-based 

work was faster but it could make a job boring, repetitive or unrewarding 

[Bikson et aI., 1985]. Such a result could be avoided by proper job 

redesign during the implementation process. An example of such an 

effect is given in the Bikson study referred to. 

There is even a backlash that can develop among the manager's 

subordinates. In some cases, the manager is seen as too immersed in the 

computer technology to the detriment of personal interaction 

responsibilities [Bikson et aI., 1985]. The actual outcome is a matter of 

organizational choice [Bikson et aI., 1985]. Organizations can choose to 

routinize work as much as possible or to promote skill enhancement. In 

fact, the new technologies may demand more skill at all levels of the 

organization for their effective use than was previously needed especially 

if the maximum benefit is to be derived from the new technology. 

Factors Mfecting Managers Use of Computers 

User Acceptance 

Workers can be divided into four classes as regards their attitudes 

to the new computer technology [Bikson et aI., 1985]. 
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1. Non-users [who want nothing to do with computers] 
2. Reluctant users 
3. Enthusiastic users 
4. Technophiles 

The same classification could apply to managers. As the use of 

computers continues to spread and more applications are implemented it is 

likely that managers who do not acquire hands-on computer skills could 

become disadvantaged both inside their organizations and in the labor 

market. However, in the Bikson study, managers who spend a great deal 

of their time on-line tend to be criticized by their subordinates as, 

possibly, neglecting their managerial duties [Bikson et aI., 1985]. The 

solution recommended by Bikson was for managers to organize their 

computer work around the decisions they have to make, and to organize 

the information system they need to use to make them. Measurement of 

this computer-using skill is an important part of any investigation of pes 

and managerial productivity. 

In this study, skill was measured in two components. One was the 

manager's perceptions of his own skill in relation to his handling of the 

technology and his performance on the decision task. The second 

component was Computer Literacy measured through experience and 

exposure to computers. 

As noted earlier, much of the thrust of the work of Mumford and 

her colleague [Mumford, 1981; Mumford and Pettigrew, 1975] repeatedly 

emphasizes the importance of user involvement and attitude of the 

supervisors during the implementation process. Users who have 

experienced added problems and increased workload due to a poorly 
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implemented computer installation or enhancement may approach future 

computer installations with mixed feelings. They may fear that their 

previous unpleasant experiences may recur. It is quite possible that the 

decision-makers in organizations using new or sophisticated computer 

technology, such as PCs and DOBIS, may be influenced in their use of 

such a new system by their previous experience of computer 

implementation. This experience may have been gained in the present 

organization, in previous organizations, in the educational process or 

through hearing of the bad experiences of others. If managers' attitudes 

toward computers are negative it might adversely effect their trust in and 

use of the system in their decision-making. Therefore, managers' 

attitudes to computers might be an important mediating variable in any 

research on computer-aided decisions. 

Computer Literacy 

The term "computer literacy" is used as a description of the ability 

of the employee to understand and use computer technology easily and 

effectively. In the Bikson study referred to earlier, most workers 

recognized that computer literacy was going to be necessary for them to 

continue in their job. At the same time they generally reported more job 

satisfaction and more time to do other tasks [Bikson et aI., 1985]. 

Computer literacy is viewed increasingly as a necessary skill for 

management advancement at most companies. However, there are risks. 

The proliferation of PCs can lead to the generation of incorrect or 

contradictory data. This is through incorrect information being input into 
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data base files, through incorrect formulas being used in spreadsheets and 

through unauthorized alterations being made to data by a few of those 

with access to the system. In addition, the delegation of computer 

involvement can sometimes lead to an unwitting delegation of policy 

decisions [Farmanfarmaian, 1987]. One solution is to design computer 

systems so that only the computer professionals can control them; all 

other being passive users. An alternative solution is to train users in 

correct computer system use; in other words to make them computer 

literate. Computer literacy is a current issue regarding the productivity 

of computer and information systems. However, the problem will diminish 

as programming becomes more sophisticated. In fact, in a 1985 Honeywell 

survey of the 500 largest companies in the U.S. it was revealed that less 

than I % of managers reported that they had a "very difficult' time using 

computers [Walter, 1985] - it was, perhaps, a naive assumption for the 

researchers to expect too many executives to make such a revealing and 

uncomplimentary admission. The sophistication comes in three areas. 

One is through the availability of intermediate general purpose programs 

such as accounting and spreadsheet packages. A ~econd is where 

software companies are dedicated to providing truly user-friendly 

programs; a task which is complicated by the fact that the detail which 

is necessary for the novice becomes boring and frustrating when the 

novice becomes an expert. A third area is software that allows voice 

activation of programs without the user having to learn the software 

keyboard commands. For all of these reasons, computer literacy is a 
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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 
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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 

Behavioral Decision-Making 
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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; eyert 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 behavior 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 on 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 



43 

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 

irrationality but this is not always the case. 

carries connotations of 

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/DOBIS to make more 

information available and to increase individual computing ability, the cost 

of which continues to decline are considerable. One 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/DOBIS - 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 point 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 future 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 in 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. 

2. 

Thorough canvass of a wide range of alternative courses of 
action; 
Survey the full range of objectives to be filled and the values 
implicated by the choice; 
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4. 

5. 

6. 

7. 
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Weigh the costs and risks of both negative and positive 
consequences that could flow from each alternative; 
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; 
Reexamine the positive and neJ!;ative consequences of all know 
consequences, even those origmally regarded as unacceptable 
before making a final choice; 
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 anyone 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 wayan 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. 



"A high degree of selectivity [of information acquisition 
and usageJ 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, p 13]) 
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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 desired 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 



49 

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. 



Type of 
Decision 
Task 

Structured 

FIGURE I 

A FRAMEWORK FOR INFORMATION SYSTEMS 

Management Activity 
Operational Management 
Control Control 

Strate~ic Support 
Planmng Needed 

Inventory 
reordering 

Linear Plant 
programming location 
for mfg 

Clerical 
EDP or MS 
models 
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Semistructured Bond 
trading 

Setting 
market 
budgets 

Capital DSS 
acquis-
ition 

Unstructured Selecting Hiring 
managers 

RD&D Human 
magazine 
cover 

portfolio intuition 
developm't 

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

There are four types of DSS. 

1. 
2. 
3. 

4. 

Explicit - where all the data are quantified 
Descriptive - dealing with how people react to situations 
Evaluative - including the functions of the descriptive model 
with suggestions as to quantitative measurement 
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. 

components are combined in mathematical relationships. 

All of these 



53 

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 chapter 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. 
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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 to 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, 
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computer literacy and whether a data base is available or not. Each of 

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 DATABASE ON MANAGERS DECISION SKll..LS 

Age Education 

Computer ~ Jr. 
operator--. Compurer 
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~ (Efficiency) 

>- Time to 
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decision 
~ (Efficiency) 

~ Decision 
reached 
(Effectiveness) 

decision 
experience 

Training 
in other 
systems pastl ~blem 

success familiarity 
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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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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] 

B] 

C) 

D) 

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

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. 

Th~ ~9re expe~ienced the manager the more likely is an 
optlmlzmg solutIOn to occur. 

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 

A] When using of PC/DOBIS 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/DOBIS 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/DOBIS 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/DOBIS; 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] 

B] 

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. 

The use 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 in vestigatcs 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/DOBIS will produce a higher outcome than 1] subjects 
with low COMPUTER LITERACY using PC/DOBIS and 2] 
subjects not using computers. 

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

0] 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 use of 

PC/DOBIS 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/DOBIS and shows an increase in decision 

effectiveness. These conclusions can be stated in the form of hypotheses 

as follows. 
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Hypothesis 6 

A] Expert decision-makers exhibit improved efficiency but no 
i1l!provement in effectiveness of decisions when using 
PC/DDBIS when computer literacy is controlled. 

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

C] 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 

A] 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. 

B] 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 ski!ls 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 

A] 

B] 

C] 

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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METHODOLOGY 
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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 experimental 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 self-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 questions 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, th~ final 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. 

taken to write the program 

In designing the software great care was 

and especially the screens in a very 

user-friendly 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/DOBIS 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 poc;;sible in an 

experiment. 

Experimental Conditions - 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 handle 

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 

technicalities as well as subjects' familiarity with the problem. 

and 

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 was 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. 

2. 

3. 

4. 

5. 
6. 

7. 

8. 

Three products manufactured and sold simultaneously. 

Three products sharing common production facilities. 

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

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. 

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

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 
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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 incre(ise 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 
Full Information 

vs 
vs 

Printout 
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 Com lit or non-ComHt. 

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. 

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 
I - Never used PC or terminal 

Table 2 indicates that thf! 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. 



TABLE 2 

USE and OWNERSHIP of pes by SUBJECTS 

OFFICE 
# % 

Com8any PC on Desk 26 22 
Me wn PC on Desk 0 0 
P Used Not Shared 8 8 
Shared PC Available 64 55 
Others Do My Computer Work 10 9 
Not Currently using PC 3 2 
Never Used PC 5 4 

TOTAL 116 100 

Construct Variables - Training in the Use of 

Computers and Systems 

TABLE 3 

HOME 
# 

6 
17 
0 
9 
3 
2 

79 

116 

81 

% 

5 
15 
0 
8 
2 
2 

68 

100 

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 that 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: 

o - 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 oPti~~~ to a 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 "Scratch pad" 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 ihe 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 = "Outstanding". 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=lll]. 

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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The experimental conditions were related to Computers, Information 

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

Manager 
Computer 
High Info Level 

vs 
vs 
vs 

Non-Manager 
Printout 
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 [Dec skill] 
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 I 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 I item deleted] 0.6932 

MANEX 
N=114 ALPHA 0.7172 [with I item deleted] 0.6158 

DECSKILL 
N:::Ill ALPHA 0.8240 

PROSKILL 
N=III 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. 
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Statistical Techniques Used 

Regressi(;.m. 

An early test was to see if multicolinearity existed between any of 

the variables both dependent and independent. Pearson Correlation 

Coefficients were calculated between the four main dependent variables -

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

Run and Profit Generated - and the four independent variables. 

TABLE 5 

CORRELATION COEFFICIENTS BETWEEN VARIABLES 

VARIABLES 2 3 4 5 6 7 8 

I Time .224 .402 .072 .418 .127 .325 .121 
(.01) (.001) (.235) (.001) (.096) (.001) (.113) 

2 Info Use -.132 .124 .118 .058 -.050 -.052 
(.086) (.101) (.108) (.270) (.298) (.297) 

3 Simulations .332 .221 -.081 .315 .195 
(.001) (.011) (.202) (.001) (.024) 

4 Profit .139 .059 .123 .320 
(.077) (.272) (.104) (.001) 

5 Manex * -.012 .685 .451 
(.450) (.001) (.001) 

6 Literate ** -.073 -.061 
(.219) (.261) 

7 Pros kill *** .415 
(.001) 

8 Decskill **** 
* Management experience (construct var.) 
** Computer literate (construct var.) 
*** Production planning experience (construct var.) 
**** Decision skill (self-rated construct var.) 
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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<.OOI]. Among the construct 

variables Profit is related to Decskill [r= .3204, p<.OOI]. 

Time has a number of significant correlations; Info Used [r= .2244, 

p=.OI], Simulations [r= .4019, p<.OOI], Manex [r= .4177, p<.OOI] and Pros kill 

[r= .3254, p<.OOl]. 

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<.OOl] as is Manex and Proskill [r= .6850, p<.OOl]. Similarly, Proskill and 

Decskill have a positive correlation [r= .4152, p.<OOI]. There is also a 

positive correlation between Pros kill and Simulations [r= .3148, p<.OOI]. 

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 variables 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 H 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 Yariance 

[ANOY As] 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. 



TABLE 6 

SIGNIFICANT RESULTS From ANOV AS of 
MAIN EXPERIMENTAL CONDITIONS 

EXP and Time 
EXP and Info Used 
EXP and Simulation 
EXP and Profit 

F[3,103] 
F[3,1l1] 
F[3,105] 
F(3,104] 

= 7.799, p<.OOl** 
= 2.780, p=.044* 
= 15.895, p<.OOl** 
= 2.715, p::.048* 
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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 

MANOV A RESULTS for EXPERIMENTAL CONDITIONS on TIME 
and PROFIT by EXPERIMENTAL EFFECTS and MANAGER 

MANOVAs 
High + Low 
Info Level 

High Only 
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<.OOI but not for Info Used, F = O.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 Experimental 

Condition [EXP] of Computer/Printout with High/Low Info Level and 

between Managers and Non-Managers [Manager]. MANDY As were used to 

test for overall significance of results. The first MANDY A dealt with the 

dependent variables Time and Profit in the Experimental Condition. This 

indicated significant results for Time, F= [4,79] = 3,4273,p=.OI2 and Profit, 



F = [4,79] = 2.5789,p:=.044. 
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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 ANDVAs 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 ANDV As are summarized in 

Table 8. The non-signifi1cant results are omitted. 

Having dealt with the construct variables the analysis turned to 

dependent and intervening variables separately. 
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TABLE 8 

ANOV AS 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 -
Covariate 

SIMULATIONS RUN 

EXP 
Manex 

Main Effect - EXP 
3-Way Interaction 

EXP x Manager x Comlit 
Covariate Proskill 

INFO USED 

Main Effect - EXP 
3-Way Interaction 

EXP x Manager x Comlit 

NOTE: 

F[1,101] = 3.584, p=.062 
F[3,101] = 2.928, p=.028* 

F[2,101] = 5.071, p=.008** 
F[I,IOI] = 9.088, P=.003** 

F[3,98] = 6.309, P=.OOI** 
F[1,98] = 9.807, P=.002** 

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

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

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

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

I. All these ANOV AS have significant levels of explained 
variances. 

2. Significance of 3-way interactions may be due to small cell 
frequencies and are suspect. 

Main Experimental Effect - Profit 

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

construct variables Manager and Com lit was carried out. The main 
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results of the ANDV A 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 MANDV A 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 [Com lit] 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 ievel 

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 

ANOV A of PROFIT V EXPERIMENTAL CONDITIONS, 
COMPUTER LITERAC and MANAGER with COVARIA TES 

Source of Variance F P 

MAIN EFFECTS 

Experimental Factors 1.864 .142 
Manager /Non-Mana~er 3.584 .062 
Computer Literacy Categorical Var] .032 .858 

2-WAY INTERACTIONS 

EXP x Mana~er 2.928 .038* 
EXP x Comht .827 .483 
Manager x Comlit .002 .963 

3-WA Y 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 [3,79] 4.0167 .010* 2.3454 .079 
rvlanager [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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TABLE 11 

ANOV A of PROFIT by EXPERIMENTAL CONDITION, 
COMPUTER LITERACY and MANAGER with COVARIA TES 

Source of Variance F p 

MAIN EFFECTS 

Experimental Conditions 1.864 .142 
Manager /Non-Mana~er 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** 
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TABLE 12 

ANOV A of PROFIT with INDEPENDENT VARIABLES 

SOURCE OF VARIANCE 
Significant Results Only 

F P 

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 Pri~touts, 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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TABLE 13 

PROFIT by EXPERIMENTAL CONDITIONS by MANAGER 
by COMPUTER LITERACY 

CELL MEANS in $ 

Managers 
Non-managers 

Information Level - High 
- Low 

Computer Literate - High 
- Low 

Total 

Com lit High - Managers 
- Non-managers 

Total 

Com lit Low - Managers 
- Non-managers 

Total 

Info Level High - Managers 
- Non-managers 

Total 

Info Level Low - Managers 
- Non-managers 

Total 

* Inadequate cell size 

COMPUTER PRINTOUT 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 

14179 
13987 

14853 
12607 

14103 
14039 

14090 

14343 
13845 
14103 

13652 
14599 
14039 

14522 
15296 
14853 

13344 
11987 
12607 

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 ANOV A 
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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. 

2. Having a High Info Level [$14853] produces better Profit results 

than a Low Info Level [$12607]. 

3. This applies both to those with Computers [$14760 vs $8852] and 

those with Printouts [$14957 vs $13233] -

4. Simulations are associated with higher Profit but only among those 

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

5. 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 Com lit 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 

Com lit 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. 



106 

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]. ComHt 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 undertaken 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 Fifeet - Time 

In an ANOV A of Time by EXP, Manager and Comlit with the 

construct variables as covariates, the explained variance was significant, 

1<19,97] = 4.868, p<.OOl. The analysis shows a main effect for EXP, 

F[3,98] = 6.309,p=.OOl. There is also a significant effect for Time with 

the construct variable Manex, F[I,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. 



TABLE 14 

ANOV A of TIME by_ EXPERIMENTAL CONDITIONS, 
COMPUTER LITERACY and MANAGER with COVARIA TES 

SOURCE OF VARIATION 

MAIN EFFECTS 

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

COVARIATES 

Management Experience 
Computer Literacy [Construct Var] 
Decision Skill 
Production Control Skill 

EXPLAINED VARIANCE 

F 

6.309 
.025 

2.046 

9.807 
1.429 
.541 

1.519 

4.868 

p 

.001** 

.874 

.156 

.002** 

.235 

.464 

.221 

.000** 
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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 IS shows 

comparable tabulations for Time as Table 13 showed for Profit. It was 

the Non-Managers with High Com lit 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 

ANOV A of SIMULATIONS bJ' EXPERIMENTAL CONDITIONS by 
MANAGER by COMPUTER LITERACY with COVARIA TES 

SOURCE OF VARIATION F p 
MAIN EFFECTS 
Experimental Conditions 11.472 .000** 
Manager /Non-manafer 1.488 .226 
Computer Literacy Categorical Var] 1.307 .723 

I 

2-WAY INTERACTIONS 
EXP x Manager .936 .427 
EXP x Co~uter Literacy 1.091 .358 
Manager x omputer Literacy .866 .355 
3-WAY INTERACTION 
EXP x Manager .l\. 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 ANOV A WfI.S 

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<.OOI. 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[I,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[I,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 Pros kill 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 Available 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 cell 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 

were 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 ANDV A 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[I,104] = 6.800,p:.0l1. 
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TABLE 17 

ANOVA of INFORMATION USED by EXPERIMENTAL CONDITION, 
MANAGER and COMPUTER LITERACY with COVARIA TES 

SOURCE OF VARIATION F p 

MAIN EFFECTS 
Experimental Condition 2.984 .036* 
Manager /Non-Manager 1.295 .258 
Computer Literate [Categorical- Var] .531 .468 

2-WAY INTERACTIONS 
EXP x Manager .401 .752 
EXP x Com~uter Literate .105 .957 
Manager x omputer Literate .091 .763 

3-WAY INTERACTION 
EXP x Manager x Computer Literate 3.219 .045* 

COVARIATES 
Management Experience 6.800 .011* 
Computer Literate [Construct Var] .052 .821 
Decision Skill .972 .327 
Production Control Skill 3.191 .078 

EXPLAINED VARIANCE 1.460 .125 

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 Com lit [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 ANOV As 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 TI~ INFORMATION USED, 
SIMULATIONS and PRuFIT 

CELL MEANS 

A] TIME to DECISION 
Information Level 

B] SIMULATIONS RUN 
Information Level 

C] INFORMATION USED 
No Significant Results 

D] PROFIT 
No Significant Results 

COMPUTER 

- High 34 
- Low 35 
- Total 35* 

- High .08 
- Low 2.25 
- Total 0.29* 

PRINTOUT TOTAL 

52 43* 
39 38* 
46* 42 

5.06 2.39* 
2.08 2.10* 
3.78* 2.31 

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 Fifect - 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<.OOI]. 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 co variation 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<.OOI]. Importantly, there was no interaction effect 

even with a sample size of 110. 

A MANOV A 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 Com lit 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. 

Pros kill 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. 

Literate 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 ANOV AS and was 

significant in none. Bearing in mind that using the categorical variable 

of Com lit 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 FIfect - 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 Com lit 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 ANDV A 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 

ANOV A 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 ANDV A 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 I - 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/DOBIS allows subjects to reach decisions more 
quickly, contro1Iing 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 decislOn. 

Results 

TABLE 21 

ANOV A of TIME by EXPERIMENTAL CONDITION, MANAGER 
and COMPUTER LITERACY 

SOURCE OF VARIANCE 

MAIN EFFECTS 

Experimental Conditions 
Manager 
Computer Literacy 

COVARIATE 

Management Experience 

F 

6.309 
0.025 
2.046 

9.807 

p 

.001** 

.874 

.156 

.027* 



TABLE 22 

ANALYSIS of TIME by EXPERIMENTAL CONDITIONS, 
MANAGER and COMPUTER LITERACY 

ANOVA 

CELL MEANS in MINUTES COMPUTER PRINTOUT 

Information Available Level - High 35 53 
- Low 35 39 
- Total 35 46 

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

43 
38 
42 

44 
38 
42 

Hypothesis lA) There is a significant experimental effect for Time, 

F[3,98] = 6.309, p=.OOI [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 Le"vel 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 lA is upheld. 

Hypothesis IB] There was no significant main effect for ComHt. In 

fact the means in the two conditions were close [High Comlit 41.57 mins, 

Low Com lit 41.48]. Hypothesis IB is not upheld. 

Hypothesis 2 - Information Access and Optimizing 

Results 

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. 

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 ~ovariate 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. 



TABLE 23 

ANOV A of PROFIT by EXPERIMENTAL CONDITION, 
COMPUTER LITERACY and MANAGER with COVARIA TES 

Source of Variance 

MAIN EFFECTS 
Experimental Factors 
Manager INon-Manager 
Computer Literacy LCategorical Var] 

2-WAY INTERACTIONS 
EXP x Manager 
EXP x Com lit 
Manager x Computer Literacy 

3-WAY INTERACTION 
EXP x Manager x Computer Literacy 

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 

P 

.142 

.062 

.858 

.038* 

.483 

.963 

.008** 

.797 

.178 

.003** 

.966 

.004** 
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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 

* Significant at the .05 level 
** Significant at the .01 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::.Ol1. 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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TABLE 25 

ANOVA of INFORMATION USED by EXPERIMENTAL CONDITIONS. 
MANAGER and COMPUTER LITERACY with COVARIA TES 

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 

.091 

3.219 

6.800 
.052 
.972 

3.191 

1.460 

p 

.036* 

.258 

.468 

.752 

.957 

.763 

.045* 

.011* 

.821 

.327 

.078 

.125 
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TABLE 26 

INFORMATION USED BY EXPERIMENTAL CONDITION 

-.-----------------------------------------------------
# of Tables Requested 

Computer 
Information Level 
Manager 
Computer Literate 

Yes 
High 
Yes 
More 

7.72 
6.41 
8.00 
7.59 

No 
Low 
No 
Less 

6.80 
8.77 
6.24 
5.88 

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

Managers x Computer Literacy 
Highest Use = ComQuter 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 

ANOV A 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 ANOV A 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 

ANOV A of PROFIT by EXPERIMENTAL CONDITION 

(Si~ificant Results Only) 
SO RCE 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. 



TABLE 29 

ANALYSIS of INFORMATION USED by INFORMATION LEVEL 
by MANAGER 

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 
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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 134i4 

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 

Results 

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, holding 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. 

3A] Table 5 shows that Info Use and Simulations have only a slight 

(negative) correlation [r= -0.1318, P=O.086]. Therefore they can be 

analyzed in a MANDV A. Info Use has already been shown to have a 

significant interaction with the main experimental effect of EXP and Info 

Level, F[3,I04] = 2.984,p:.035 [Table 018]. 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<.00l. 
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The detailed results show that more Simulations were run in the 

Printout condition [3.7S] than in the Computer condition [0.29]. Even 

more striking is the High Info Level condition wnere subjects using 

Printouts ran 5.00 Simulations while those with Computers ran only O.OS. 

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 ANOV A of Time with Profit [Grouped] x 

Computer/Printout [Table 31A] had a significant main effect for 

Computer/Printout, F[1,IOS] = 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 

ANOV A 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 <.001 ** 
2-WAY INTERACTION 
Profit by Computer/Printout .876 .351 

EXPLAINED VARIANCE 6.436 <.001 ** 



TABLE 31B 

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

TIME in Minutes 
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CELL MEANS COMPUTER PRINTOUT TOTAL 
------------ ----------- -------

PROFIT 
Low 32 42 38 
High 32 49 42 
Total 32 46 40 

TABLE 31C 

ANOV A of TIME by INFO LEVEL by INFO USE by COMPUTER 

MAIN EFFECTS 

Info Level 
Info Use [Grouped] 
Computer 

2-WAY INTERACTION 

F 

1.670 
6.451 

12.111 

P 

.192 

.002 * 

.001 ** 
None Significant 

3C] An ANOV A 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[2,1Ol] = 6.451,P=.002 [Table3IC]. We 

have already established that Computers are faster than Printouts. 

Interactions could not be calculated because of small cell sizes. 

However, Table 310 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 



TABLE 31D 

TIME by INFO USE by SIMULATIONS by 
EXPERIMENTAL CONDITION 

TIME in Minutes 
CELL MEANS 

COMPUTER 
PRINTOUT 
TOTAL 

COMPUTER 
PRINTOUT 
TOTAL 

Low 

32 
45 
35 

35 
39 
38 

INFORMATION USE 
Medium High 

18 35 
46 48 
45 46 

SIMULATIONS RUN 

26 34 
45 59 
39 42 
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Total 

32 
47 
40 

32 
47 
40 

Hypothesis 3D] Table 3IB 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 

Results 

4A] The use of PC/DOBIS results in more favorable outcomes 
as measured by generated profits when conditions of 
management experience and computer literacy are held constant. 

4B] The use of PC/DDBIS results in more of the 
decision-makers reaching an optimal decision than when using 
printout technology. 

Hypothesis 4A] Using a MANOY A, 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 

ANOV A of PROFIT by EXPERIMENTAL CONDITION ~y: MANAGER 
by COMPUTER LITERACY with COV ARIA TES 

SOURCE OF VARIANCE 

MAIN EFFECTS 
Experimental Condition [EXP] 
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 Experience 

EXPLAINED VARIANCE 

F 

1.864 
3.584 
.032 

2.928 
.827 
.002 

5.071 

.067 
1.845 
9.083 
.002 

2.400 

p 

.142 

.062 

.858 

.038 * 

.483 

.963 

.008 ** 

.797 

.178 

.003 ** 

.966 

.004 ** 

The near significant main effect was for Manager, F[I,lOl] = 

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[1,1Ol] = 9.088,p=.003. The fourth significant result was a 3-way 

interaction of EXP x Manager x Com lit, 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 



139 

interactions involving ComUt were significant. Comlit is not a major 

factor in this result. Its only significance is in the case of Non

Managers 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 

5A] 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 decision-making performance 
will be among non-managers in the high computer literacy 
group. 
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Results 

Hypothesis 5A] 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 5A upheld only in 

the case of Comlit Non-Managers. 

Hypothesis 5B] 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 Com lit 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 ComHt Non-Managers. The incr("ase in performance 

was 20%. Hypotheses 5C & 5D are upheld. 



141 

Hypothesis 6 - Expert Decision-Makers and Decision effectiveness 

Results 

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. 

Hypothesis 6A] An ANOV A 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 ComHt in this Hypothesis is unnecessary. 

Hypothesis 6A is upheld. 
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TABLE 33 

PROFIT by EXPERIMENTAL CONDITION by DECISION SKILL 

PROFIT in $ 
CELL MEANS DECISION SKILL 

Low 
EXPERIMENTAL 

High Total 

CONDITION 
Computer 10498 14909 12895 
Printout 11862 15959 13753 
Total 11350 15481 13397 

High Info Level 11715 15328 13761 
Low Info Level 10822 16030 12607 

Total 11350 15481 13397 



TABLE 34 

ANALYSIS OF EFFICIENCY AND EFFECTIVENESS 

A] EFFICIENCY - Time in Minutes 
COMPUTER PRINTOUT TOTAL 

Managers 
Computer Literate - High 

- Low 
- Total 

Non-Managers 
Computer Literate - High 

- Low 
- Total 

Computer Literate - High 
- Low 

Overall Total 

40 
31 
38* 

29 
34 
30* 

35 
32 

35* 

B] EFFECTIVENESS - PROFIT in $ 

Managers 
Computer Literate - High 

- Low 
- Total 

Non -Managers 
Computer Literate - High 

- Low 
- Total 

Overall Total 

13106 
12643 
13018 

15336 
13428 
15111 

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 
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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 [Le. 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 

Results 

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

Hypothesis 7 A] 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 

MANAGERS 
NON-MANAGERS 
TOTAL 

COMPUTER PRINTOUT TOTAL 

38 
30 
35 

49 
43 
46 

44 
38 
42 

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

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 

Results 

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. 

8e] Subjects with high computer literacy using PC/DDBIS show 
the greatest gain in self-rated decision skill. 

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 



TABLE 36 

ANOV A of PERCEIVED SKILL CHANGE by PROFIT 
by TIME by COMPUTER LITERACY 

SOURCE OF VARIANCE F p 

MAIN EFFECTS 
Time (Grouped into Short, Medium & Long Time)1.082 .343 
Profit (Grouped into High and Low) .088.767 
Computer Literacy .175 .676 

2-WAY INTERACTIONS 
Time x Profit 
Time x Computer Literacy 
Profit x Computer Literacy 

3-WAY INTERACTION 
Time x Profit x Computer Literacy 

EXPLAINED VARIANCE 

1.830 
1.074 
.032 

.073 

.784 

.166 

.346 

.858 

.929 

.655 
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HYPOTHESIS 83] In Table 36 a MANOV A 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. 



TABLE 37 

ANOV A of TIME by PROFIT by DECISION SKILL and 
TEST PERFORMANCE 

DEPENDENT VARIABLES 

Profit 
F 

INDEPENDENT VARIABLES 
Decision Skill 1.723 
Test Performance 3.521 

P 

.193 

.064 

Time 
F 

.627 

.940 

P 

.431 

.335 
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Hypothesis 8C] In the ANOV A mentioned in the preceding paragraph, 

Com lit 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 p 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 Time 

A) Using Manager as a surrogate for Management Experience, 
Computers result in less Time taken for decisions. 
Upheld 

B) Com lit improves efficiency. Not upheld 
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Hypothesis 2 Optimizing 

A) 

B) 
C) 

D) 

Computers lead to more Profit to a greater extent than Printouts. 
Upheld for Non-Managers but not for Managers 
Managers have more Info Use than Non-Managers. Upheld 
Management Experience leads to more Info Use which leads to more 
Profit. Upheld 
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) 

B) 

C) 

D) 

Computers lead to a more thorough decision process. 
Not upheld 
For the same outcome subjects with Computers took more Time to 
reach a decision. Not upheld 
With the same Info Use, Computers take less Time. 
Upheld 
Subjects with more Profit will take less Time to reach a decision 
when using Computers. Upheld 

Hypothesis 4 DeciSIon Effectiveness 

A) 

B) 

ComHt 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. 
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 ComHt Non-Managers and do not 
improve Profit for subjects who were Non-ComHt or managers. 
Upheld for ComHt NOlI-Managers only. 

B) Comlit does not lead to less Time to decision. Upheld 
C & D) The greatest improvement in performance is among ComHt 

Non-Managers using Computers. Upheld 

Hypothesis 6 Expert Decision-Makers and Effectiveness 

A) 

B) 

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 
Expert decision-makers are equally effective with Printouts or 
Computers. Upheld 
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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) 

B) 

Use of Computers leads to greater efficiency - less Time - but this 
improvement is not related to Com lit. 
{jpheld 
Managers take more Time to reach decisions. Not upheld 

Hypothesis 8 Perceived Skill and Managerial Performance 

A) 

B) 

C) 

Subjects rate themselves higher in Decision Skill after the 
experiment. Not upheld 
Subjects with Computers have a higher self-rating and 
greater satisfaction. Not upheld 
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 Fificiency 

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 

so 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 Flfectiveness 

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 1)elow 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-making 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 suggests 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 
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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 that 

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 

information 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 outcomes 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 

lm;:.'est 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 theilr 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 correctly. 

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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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 
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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 



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 
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1. 

2. 
3. 

Letter of aPPc0intment to the subject as Production Control 
Manager of 'Sun belt Precision En~ineers". 
Corporate history of Sunbelt PrecIsion Engineers. 
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. 

1. 

2. 

3. 

4. 

There were four possible options open to the subject. 

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

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

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 [Le. higher] as for Cranks. 

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 computer 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 3l1d 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. 

keyboard before the experiment. 

One or two had never touched a 

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 
I - Never used PC or terminal 

TABLE 2 

USE and OWNERSHIP of PCs by SUBJECTS 

OFFICE HOME 
# % # 

Com8any PC on Desk 26 22 6 
Me wn PC on Desk 0 0 17 
P Used Not Shared 8 8 0 
Shared PC Available 64 55 9 
Others Do My Computer Work 10 9 3 
Not Currently using PC 3 2 2 
Never Used PC 5 4 79 

TOTAL 116 100 116 

% 

5 
15 
0 
8 
2 
2 

68 

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 -

o - 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 

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 or seminars on computers or software in their career. A third of 

the sample had received more training than this. 
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INTER VENING 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 Computer Ownership - Home/Office 
These two variables refer to use or ownership of a terminal or 
PC at home [QI7A] or in the office [QI7BJ. Subjects were 
given eight identical options for each situation, the options 
representing increasing use. The 0p.tions were scored from 
zero to seven. The scores for "Horne I 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 glven six 
alternative answers for each category ranging from "zero" to 
"60+ times". For each subject, these seven values were 
averaged. 

4. Software - Office Use 
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". 



178 

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 options 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, 
2, 5, 9. 

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 
sample fell into this cat~gorYJ. There were five options 
available to each subject. They were coded from zero to four. 

8 & 9. Computer Experience 
This question [Q2IA & 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 

su bject 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. "Vlith 

a 2 x 2 x 2 experimental design a decision was made by the author to 
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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 
Q17A 
Ol7B 
HOME 
OFFICE 
Q19 
Q20 

Q21A 
Q21B 

= Average of numerical answers to Ql6 
= Computer ownership/availability in the office 
= Computer ownership/availability at home 
= Sum of numerical answers to the four parts of Ql8A 
= Sum of numerical answers to the four parts of Q18B 
= Training on computers or software 
= Extent of past computer experience if not current computer 
user 
= Experience of computer systems - number of systems 
= Experience of computer systems - rating of systems 
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Based on N=112, the Alpha coefficient was 0.7504. The lowest Alpha 

when anyone 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 

= [Ql+Q6+Q9] + Q7 + Ql1. 

Q 1 = experimenters classification 
Q6 = number of staff reporting to the subject 
Q9 = previous managerial appointment 
Q7 = Dollar value of current budget responsibility 
Qll = 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 anyone item is deleted is 0.6158. 

C] Decskill [Decision-Making Skill] 

The answers to two Qs were combined to create this parameter. 



Q23 = Self-report rating as a managerial decision-maker 
Q24 = Self-report of present performance [before the 

experiment] as a manager 

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

D] Proskill [Production Control Experience] 
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The answers to two questions were combined to create this 

independent variable. 

Q 12 = Months of experience in production control functions 
Q13 = Closed-end question about experience in production control 

problems in present or past work 

Based on N=lll 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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SUM~ARY OF THE PROBLEM 

'Tnis is a Summarv of Your Proolem 

The comoany's oroblem is that oack orcers have led to a 
considerable loss of business 1n tne oast few vears. This can be 
traced to tnree causes. The first is that orders have exceeded 
~ne factory's caoaci~y on manv occasions. The second is that 
veY',oc'r del i very uerfc.rmance nas Y,ot beey. uo tel COYftrac't levels. 
The thira IS tnat machine oreaKeowns have let ~o loss of 
oroduction cauacity on Doth the casting olant for Rotors and on 
tne mach1ning orocess for all tnree urooucts. The latter oroolem 
comoounds the caoacity oroblem. 

Your task 1S to recuce. or orevent alt0getMe~, losses of 
business ariSIng from baCK orders whicn nave naooenec in tne 
cast. Your solution will be evaluated by the Executive Committee 
in two ways. The first way will Oe by calculatln~ t~e total 
numoer of back orders for all three oroducts that are likely to 
occur if vour solution is lMolementeci and if !nCOmlng oroers are 
estimated usin~ the sales forecast for the next twelve months. 
The secone way is oy calculating the estimatec gross crofit 
mar91n~ that is, the difference between selling orices and 
estimatec costs assumin~ your solution is cut into effec~; again 
usin~ the sales forecast for the next twelve months. 



OPERATING CHARACTERISTICS OF YOUR F!R~ 
186 

The main cnaracteristlcs of your firm's 
be:c,w. 

orocesses are listec 

The oroduction orocess of your firm has certain 
cnaracterist!cs. You should understand 
the oroolem t:'at yc.u have !leeY'1 r;JiveY'I." 

these in order to solve 

. 
Jo. It IS a me~al worklng manufacturInQ arocess that 

oroe"r aY'ld Y'IC.t for i Y'NeY'l"tory. 
makes ;;.:;. 

The Qroduc~s are 
customized for each 

made from s~andard castinr;Js but 
customer's scecific recuirements. 

are 

3. Tne orocess is a one mac~ine oceratlon carried out on a 
standard casting which is either ~ou~:,t-in or made in-house 
at tne choice of your comoany. 

4. The macnininc process nas a limite~ caoacity in terms of 
the total numoer of units that can be orocessec eac~ week. 

5. Castin9s and machine time vary according to oroduct. 

6. The comoany makes three cifferent oroouc~s currentlv. 

7. ~:'e fac~orv ooerates on a five day. 40-~our wee~ ~aS1S with 
12 monthly olann!ng oerioes in a year. OvertIme is not 
nC'SSl ::lIe. 

B. In the case of bouqnt-in castin~s~ vendors have cifferent 
leae tImes as soecified in tnelr contracts. ~heir 

oerformance levels aqainst the soecified !ead times vary 
from tIMe ~o tlMe and de~lverles can be late but are never 
cancel lee ~v the vendor. ~ate deliveries are ma~e YO by 
t~e vendor worKln~ overtlMe ant s~i:Jalnp the ~a~e dellverv 
at tne same time as a ~ater sChedu:ec on-tIme ce:iverv. 

9. A~l veneor con~racts can be cance~leC by the comcany at one 
weeK's notice WIthout aena:ty but cannot be cance_le~ jy 
"the veY'IDc'rs. 

!0. Each oroduct ~as a different selling orice ana ~ifferent 
costs. You can affect t~e cos~s Dy vour ceciSl0ns bu~ you 
may no~ c~an~e the se:!in~ or~ces. 

7ne rnerxet 15 comoe~i;;lve. C~s~omers can 
~rotuc~s from ot~er 5u~D!~ers a~ O~iC2S 

yours. Rs a resu:t. If a customerls oreer is 

":JUV 5·lir:l:',al'" 

C'::'i;1':Ja-;-att~e ':'::. 

i"jO'::: c e~. 1 VEt-'e:: 
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on time. tnere is a cMance t~at he will oermanently 
transfer future orders to anotner suoolier. 

12. Tnere are no stand iY',g oraers with vendors. The cc.ntracts 
reouire your cornoany tel c.rder eaC:1 week frc.m each vendor 
exactly now many castings will be reouired in the future 
(the l~ad times are laid down in the vendor contracts). 
All uuch orocurement orders are for one week's suoply 
c.nly. 

13. Castings ma~e in-nouse are similarly ordered each week by 
means of a Production Order whiCh is also for one wee~'s 
suool y OY',l y. 

T~e comcany's oroblem is that back orders have leo to a 
consioerable loss of business 1n the cast few years. This can be 
traced tc. three causes. The first is tl'1at c.rders have exceeded 
the factory's caoaci ty con maY'.y c·ccasic.Y',s. The secoY',e; is that 
vendc.r del i very oerfc.rmaY'.ce nas nc.t beer .... 10 to cC'Y'.tract levels. 
The th1rd is that rnachiY',e breakdowr.s have led to lc.ss c.f 
orc.d ... lctic'"(, caoacity c.r. bc.th the castir.t,;] plard; fc.r Rotc.rs ar.d c.r. 
the machininQ orocess for all three orooucts. The latter oroblem 
comoounds the caoacity oroblem. 

The oroolem that vou have oeen asked to solve is what should 
the comoany co to orevent tne losses of business arising out of 
tne baCK order situation from continuing. 

Tne constrain~s on your sqiut:on ~o tM1S oroblem fol:ow. 

~. There are no other vendors from whom you could buy ant the 
oresent veneors nave saie that there 1S nO~hin~ else they 
can do ~o imorove tneir oerformance. 

2. Imorovements ~o ~ne Rotors cas~ing orocess WIll Increase 
ltS reliabi:ity by 20~ but will also acd :0~ ~o tne cos~ of 
the croeuct Th1S 1morovement coule ~e mace at any time anc 
comoleted in one weeK. 

-;" ..... New machines coule be ~ou;ht to cast in-house eit~er the 
cast1nQ ~or Cran~s or tne castin~ for Disks or oo~n. 
Amortisln~ these caoital exoenoitures will increase ~ne 
costs of Cranks by 15~ and of Disks by 12 ~. Such maChines 
could be irlstalled ar.d rur' .... d no. at or,e week's nc.t ice. The 
out~ut of this new alant woula De ~he same as tMe out out of 
the machine use~ to cast oarts for Product 'C' 

4. Imarovemen~~ ~o t~e reliaOility o~ t:1e maln mac~inin~ 
~rocess~ estim~teo to ce l7~, coul~ be made at any time and 
be comoletec ~n one wee~. T~e cost of suc~ imorovements 
wou:a ade g~ ~o ~~e cost of a:l oro6ucts. 
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5. The sales deoartment has said tnat their sales forecasts 

for the next twelve months would oe crastically revised 
downwardS by 50~ if selling orices were raised by anv 
amount due to tne comoetitlve nature of the market: 
Increased costs! therefore! will result in less orofit for 
the comoany. 

Durlng the last year! the comoany hired outside consultants to 
im::::lrove sales forecastir.!;/ by the sales deoartmer,t. The 
consultants made an economic model which! in reoeated testing, 
oroveo very accurate in forecastin~ what will hapoen if 
imorovements are mate in the reliabi:ity of various croduction 
orocesses and if oack orders are recuced. T~is mo~el is 
avallaDle for your use in reaching your decision if you wish. 

Te. recao. Your taSK 1S 'tel redl.lce, c.r preverJ't altogether. 
losses of business arisin~ from back orders which nave Maooened 
in the oast. Your solution will be evaluated by the Executive 
Committee in two ways. The first way will be by calculating the 
total number of bac~ orders for all three oroducts that are 
likely to occur if your solution is implemented and if incoming 
orders are estimated using the sales forecast for tne next twelve 
montns. The second way is by calculating the estimated gross 
orofit margin, that is, tne aifference between sellln9 or!ces ana 
estimated costs assumlnQ your solution is aut into effect; a~ain 
using the sales forecast for 't~e next twelve montns. 
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POSSIBLE SOLUTIONS TO YOUR PROBLEM 

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

4. Castings for Rotors could be made in-house instead' of by a vendor: results -
increase 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. Better maintenance on machining plant. 
2. Better maintenance on Cranks castings plant. 
S. Make Disc castings in-house. 
4. Make Rotor castings in-house. 

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

[For Coding Use OnlyJ 

Location _______________ _ 
GroUD Number ___________ _ 
C. Lit _________________ _ 
c. X~ __________________ _ 
C. At __________________ _ 

Sunbelt Precision Engineers 

~MPLOYEc PERSONAL HISTORY 

Please complete this form; the information will helD 
us to ensure that the Dest use is made of your exoerience and 
talents while working with us. Where the~e are alternative 
answers for you to chose~ olease out a cHeck mark alon~side the 
c,:,rrect arlswer. 

Name _________________________________________________ _ 

YC'lJr a~e Urlder 25 · .... . . . 
(nearest bir~hday 25 te, 34 · ......... 35 to 44 · ... · ... 

45 '(;1:- 54 · .. . · ... 
55 arlc over • . . . · .. . 

~. What is your oresent Job 7itle? ••.••..•..•.........••••..•. 

2. Irl which deoartment do yc,u I'JC't'K mail'"lly? ••...•.•............ 
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3. What is the orincipal activity of your Job? ••••••••••••••••••••• 

.. • • • .. .. .. .. .. .. r. .......................................................................................... .. 

.. .. .. .. .. .. .. .. .. .. .. .. .. .. til .................................................................................. .. 

4. To whom do you report in terms of responsibility? 

5. Do you report ~i~gS~!Y to the Chief Executive? 

YES NO 

(Please circle one only 

6. Do you have any staff reporting ~i~gS~!y_Q~_iC~i~gSi!Y 
to you? 

YES NO 

I f YES~ hCtw marly? ........................ .. 

7. How large is the budget for which you Q§C§QD!!!Y 
at'e t'espclnsi ble? 

no oersonal budget 
Ul'lder $100~ 000 
$100,000 but under 
$500~ 000 but urlder 
clver $1, 000~ 000 

$500~ 01lo0 .•....•• 
$1~000,000 •••..••• 

(Please check one only) 

8. How long ~ave you held this position? •.•.....••.••••• 

yea}-"\s ................ mCly.t hs .............. .. 

9. Before this appointment did you hold any other 
mana~erial aopointments? 

YES NO 
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10. How much work exoerience have you had (include both 
full-time and oart-time where you worked more than 20 hours but 
less than 40 hours a week on a regular basis)? 

years ...... . Years .......... .. 
M.:or,t hs ••••• MOl'".ths •••.••• 

11. Of that time~ how much could be classed as "managerial" 
work? (Managerial work is defined here as any position in which 
you were responsible for two or more emoloyees, where you did 
~QI report directly to the Chief Executive~ President or 
Chairman of the c.rgal'"Jizat icll'"l c.r where you cc.y.trolled personally a 
budget of $100,000 or more) 

Years ............ . 

12. The Job title of Production Controller has been described in 
various ways. Our definition is a manager who is resconsible 
for at least four of the following functions: olanning or 
scheduling of oroduction~ staffing his deoartment. controlling 
inventories, ourchasing materials or components~ controlling 
costs, directing the use of physical resources. Using this 
definition, how much, if any, exoerience as a oroduction 
controller have you had. (Having no excerience will not 
disqualify you in any way)? 

years .•••••..•• ~onths ••••...••• 

13. Have you any experience of handling oroduction control 
grQ~l~m§ in your past or present work? 

~o experience of solving production 
control problems 

Exoerienced such problems once or twice cefore 
Exoerienced such problems three to five ti~es 
Exoerienced such problems more than five times 

(Please check one answer only) 



14. What is the highest level of education reached in your 
cat'eer so far? 

Not como!eted High School 
Completed High School 
Attended but not finished Junior 

College or Community College 
Attended but not finished College 

<Uni versi ty) 
Community Colle~e gra~uate 
ColleQe (University) Qraduate 
Postgraduate experience 
Higher degree or multiole degrees 

(Please check ONE answer only) 
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15. Have you ever had any courses or training either in-house! 
at seminars or at school or college in managerial 
decision-making? 

No training of any kind 
Taken one or two courses/seminars 
Taken three to five courses/seminars 
Taken more than five courses/seminars 

16. Because of their work! some people in organizations use! or 
have used! comouters in the sense of performing some of the 
following tasks: data input! data storage! spreadsheet ana~ysis! 
calculations! orinting of data! word orocessing, orogramming. 
(Do not include the use or handling of orintouts.) 
!n_tng_Q§§t_fi~g_yg§~§! how much direct commouter exoerience 
have you had of any or all of the above functions? Please Qive 
your answer in terms of the number of times when you have 
personally executed any of the above functions. 

Number 1:lf t i files 
None 1-4 5-19 20-39 40-59 60+ 

Data irlol_lt 
Data stc1rage 

____ L_.-L. ____ ..... _. __ ! ... __ ._. _____ ._~ ___ . _. __ ._._ .. _.~ ___ .. , •.•... : 

! 
Spreadsheet -----;----... --.-.-----. -' ..... 
Calculat ions ---....;;~----:-I---------------··-··--·--·--·- .. 

_______ .. __ •. L. ____ . ___ ._. __ .......... _._ .•.• 
Printing ! 

. ' .. ' i 
--------_.-........ _---_.-.-.- -

Word or'clcess il'"l Q ______________ . __ ._ ... _ . __ ..... 
!=irclgrammi rig 

..... '. - .. 

L. 

(Please check ONE answer only in each row) 
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17. Do you have your own terminal or Personal Computer (PC) on 
your desk or in your office Dr do you have access to one on a 
shared basis? Please give two answerts, one relating to your 
work situatiol'"l, 'the other relating to home. 

Have a comoany P.C. on my desk 
Have my own P.C. on my desk 
Have a terminal on my desk Dr available 

< I'"lc,t sh a red) 
Have a P.C./terminal available but shared with 

c,thers 
Do not have a P.C./terminal but have someone 

to handle comouter ooerations for me 
All my computer needs are taken care of by the 

data processing/information dept 
Used to use a P.C./terminal but not currently 
Never used a P.C./terminal 

Office 

<Please check ONE answer only in each column) 

lB. How many different uses and applications do you use? 

Number of programs used regularly 
Number of orograms used occasionally 
Number of applications * for which the 
oersonal computer is used regularly -
Number of applications for which the 
oersonal comouter is used occasionally 

* e.g.soreadsheet, c~eck book, 
filing, word orocessing 

, , , 

rflal~ll'"lg, 

Office 

How much training have you had on 
career? 

computers or software in 

No training of any kind 
Taken one or two courses/seminars 
Taken three to five courses/seminars 
TaKen more than five courses/semlnars 

(Please checK ONE answer only) 
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20. Even though you may not have had your own terminal or 
personal computer or the use of either, how much exoerience have 
you had of using the information output from computer systems of 
all kinds? 

Not had to use data in my Job 
Used regularly but only a minor part of my Job 
Used regularly, a major part of my Job 
Used alMost all the time, essential oart of Job 
Computer output is the main oart of Job, used 

constantly every day 

(Please check ONE answer only) 

21. In your past work exoerience, you may have used Dr 
observed a variety of computer systems. How many have 
you experienced? And how woul~ you rate them on a 
scale of 1 to 7 (7 being outstandingly QOo~, 1 being total 
disasters)? 

NClrle 
One clrdy 

Number of 
Systems 

E,?i.Q§r:i§D£§Q 

IWCI clr three 
FClur Clr five 
Mot'e tharl fi ve 

Rat i rigs clf 
each system 

§,?i~§r:i§D£§Q 

22. How would you rate the computer system of the or~anization 
where you are presently employed? 

1 2 3 4 5 6 7 
Total Average Out-

oisaster starldirlgly 
gCII:IC 

23. Hc,w WCII.lld YCII.l rate YClursel f as a marlagerl1erlt dec i s i clr,-maker? 

1 2 3 4 5 6 7 . !. , 1 w .. __ Comoarable Out-
irnorclve tCI other staYlcing 
with marlagers 

exoerieYlce arclund me 
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24. How would you rate your present oerformance as a manager? 

1 2 3 4 5 6 7 
Will Cc.mparable Out-

improve to other standing 
with marlagers 

experience around me 

25. If ten other decision makers were given exactly the same 
decision environment (the same information system~ reports, 
oDerating conditions), how many of these decision makers do you 
think would make a better decision than you do? 

THANK YOU FOR TAKING THE TROUBLE TO COMPLETE 
THIS PERSONAL HISTORY 



DOCUMENTS RELATING TO THE DATE BASE 

FOR USE IN THE PRINTOUT MODE ONLY 

198 



199 

REQUEST ~OR SIMULATION/RESULTS OF POSSIBLE SOLUTION 

Please let me have the likely results/outcome of my choice of 

ootion/oQtions number(s) 

S i gl'"led .................... . 



REPORTS 

TIME PERIODS 

PRODUCTS 

LIST OF DATA AVAILABLE 

Past Sales 

Past Pt'c,duct ion 

Past Iywel'"ltory 

1980 

Cral'"lks 

Disks 

1981 1982 
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1983 1984 
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~EMORANDUM 

July 15~ 1985 

8.121121 a. m. 

From: The Office of the President 

To: ................. . 

Congratualtions on your decision to Join our organization and 

welcome aboard! 

1. Your appointment is as Production Control Manager of the 
Nogales facility producting crankshafts~ discs and rotors. 

2. Your responsibilities are -

achieving production budget 
maximizing factory efficiency 
eliminating stock-outs and back orders 
maximizing customer service 
maintaining zero defect quality 

3. You report to the Vice-President of Production 

4. Aoart from your routine duties, your first aS5ignment~ on 
this your first day, is to recommend what action we should take 
to effect a long-term solution to the continuing problem we have 
been experiencin~ in production over several years. Our 
production has always been 11210~ in quality but in service we have 
done a poor Job. Production has not been up to schedule and~ as 
a result, W~ have frequently had to back order our customers. 
This has lost us considerable business as many of our customers 
have taken their business long-term to our competitors. 

In oart this is due to our vendors being unable to meet their 
contractual levels of delivery time. In part the oroblem is 
due to our own mac~inery becoming older and subject to more 
frecuent breakdowns. 
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A separate report has been prepared by consultants analysing the 
problem and setting out the options. An extract of this report 
is available to you. Basically, it comes down to a choice 
between upgrading our eouipment, fabricating more of our 
component requi~ements in-house or making more use of vendors. 
Our financial boys have costed out these options and their 
estimates are in the report too. However this is a production 
control oroblem and the decision should come from the Production 
Controller - you! 

5. In your considerations you should be aware that we have 
adequate cash and credit to carry out any reasonable policy we 
decide 0"('1. 

6. Your recommendations are reouired for the Executive 
Committee which meets in exactly 60 minutes time. Please come 
to the Board Room oromptly at the time stated. Be prepared to 
make an oral presentation of your proposals. You will be 
reouired to defend you decision with facts. 

7. Please regard this assiQnment as an opportunity to show 
what you can do under pressure. In doing so you will confirm 
our opinion of you as being a go-getter 
and an achiever. Good luck! 

{ , C 
!",,'.CL<"'-d 0~ 
------I..!..--------

William J. Gleeson 

Pres i c:! eY'lt 

P.s. You might find the accomoanying copy of our corporate 

history of value in solving your problem. 
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CORPORATE HISTORY 

SUNBELT PRECISION ENGINEERS 

This orivately oli'med compal'"IY was started in Tucson in 1974 
by Eric Hulin who was a skilled machinist. Mr Hulin learnt his 
trade in Cincinnatti where he worked for several enoinee~ino 
firms. After High School and two years irl trade school to learn 
metal working~ Hulin started as a lathe operator. He improved in 
skill and experienced and demonstrated his ability with 
numerically controlled machinery as well as traditional 
machirles. 

In the late 60's industry was expanding generally and the 
demand for precision made parts grew. Engineers such as Hulin 
were in short suoply and he was able to move to the engineering 
firm with the best reputation for quality precision products in a 
three state area. Ultimately, Hulin became a tool-maker whose 
reputation was such that clients demanded that he alone would 
work on their orders. 

In the mid-70's, a recession cut orders for machine tools 
drastically and many engineering firms had to cut back their 
ooerations including their staff. Because of his reputation and 
skill~ Hulin was was kept on the payroll by his employers but the 
overtime working which was a standard oractice in the industry 
was cut out altogether. Overtime earnings normally made up 25~ 
of the gross earnings of skilled machinists and the loss in 
income had a severe impact. 

Hulin took this setback as an ooportunity to set up in 
business for himself. He moved to Tucson and opened a machine 
shoo with an SBA loan. Starting with one numerically-controlled 
machine he spent his days canvassing the few manufacturing firms 
in the SCluthern Arizona area by day arid working on the orders he 
took by night. He based his strategy on two features. One was 
always to produce work of the highest quality with tolerances 
always well within the customer's soecifications. The other was 
always to de:iver on t~me. 

7~e business grew slowly, mainly by repeat orders frbm 
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sat isfied customers augmerlted from time to time by new custoers 
who sought him out based on word of mouth advertising. Within 
three years he had five mach i Y'les financed by a I arQer 10aY'l, t his 
time from the bank. His problerll now was to fiY'ld men who could 
produce the same quality of work that he did. This prc.ved more 
difficult than He had imagined and there was an initial set-back 
when the quality of output from his workers fell noticably and 
some large customers were lost. Hulin responded to this 
challenge by reduciY'lg his work force to those few merl who could 
match his standards. This meant that his output was severely 
restricted compared with the available demand. 

The aY'lswer to this prc.blem was found iY'1 the new geY'leratic.n 
of computer controlled machines that machine toc.l makers were 
starting to produce. Having c.nly a few machines, HuliY'1 was able 
to move quickly into a posit ic.n where computer controlled 
equipment handled the bulk of his work and his older numerically 
controlled machines were used as standbys in case of breakdowns 
or to provide excess capacity. His small staff of skilled men 
meant that labor cc.sts for StlY'lbel t PrecisioY'f EYlgiY'leers were the 
lowest in the area and Hulin was able to win a disproportionately 
large share of bid business for precision machining. 

As the business expanded space became a problem and in 1978 
the company moved to new purpose-built premises in Nogales. This 
gave them more and better accomodation at less rent than they had 
been paying before. The reduction in overhead came at a good 
time as far as helping the company survive the recession of 
1982-3. Hulin also avoided the problem of staffing up with high 
labor cost skilled machinists while at the same time maintaining 
his quality standards. He persuaded a local vocational college 
to run courses in precision engineering for young people from 
minority communities. These courses combined classroom training 
with on-the-Job experience in his factory where the students were 
apprenticed to an experienced worker. He also oersuaded the 
local community government and a Federal training pro~ram to 
subsidise the whole program. As a result he had a low cost work 
force well capable of running his computer controlled machinery. 

SUY'lbelt Precision Engirleers now begaY'1 to grc.w rapidly 
especially with the growth of certain defense contractors in t~e 
area. 1Y'1 1980, the busi Y'less cOY'lsi sted of two components. 1]Y':e 
was a highly profitable but relatively small volume of 
custom-designed precision parts for defense and high-tech 
industrv. The main volume came from three broac catecories of 
aroduc~~, crankshafts for diesel engines, disks for a~tomobile 
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disk brake assemblies and universal couplings fell'" helicopter 
rotors. Within the company these products were referred to as 
"cranks", "disks" and "rotors" in everyday business. All three 
categories consisted of products with similarities between the 
orders of one customer compared to another but each customer's 
reqUirements differed in dimensions and specifications. In all 
three categories, the cOMpany bought castings froM outside 
vendors and machined theM to the custoMers' specifications 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 original Nogales plant 
handled the entire output of cranks, discs and rotors. 
Additionally, the cOMpany had recently installed its own casting 
plant in order to lessen their dependence on outside vendors for 
the supply of castings. This move was a departure from the 
firm's strategy which was to stay within its own sphere of 
cOMpetence, namely, engineering. Casting technology was new to 
the firM and they had to rely entirely on the know-how of two Men 
hired frOM casting firMS in the Mid-west. Ensuring the right 
degree of quality in their casting products to MiniMise 
subsequent machining tiMe and inherent defects such as structural 
cracks was a MajOr, and as yet unresolved, probleM. Each of the 
two facilities - defense and Nogales - have their own Production 
Controllers and plan their own production programs. 
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SAL~S FORECASTS 1985/6 FI~~ 

PRIN; "Product Sales Fc.recasts 1985/6 

By Prc.c 1.lct ~ by f/!C'l'"lt:. ! in Ul'"lits" 

!:Q!:!~D ~r:Sl:!~2 Qi2~2 B9:!;'9!:2 

:'985 
:V!ay :200 60 0 
.]1.11'"1 1250 65 rZI 
J'ul 1300 65 0 
I=! 1.1 g 135121 70 5 
Se·:) 1400 70 5 
Oct 1425 75 5 
:\;I:IV 1450 75 5 
Dec :475 Blo 5 
1'386 
:JaY"! 1500 80 20 
Fe~ 51Z\0 85 20 
JY:ar 500 90 20 
Hor 5\i)0 1 rZllo 2!2) 
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POSSIBLE SOLUTIONS TO YOUR PROBLEM 

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

4~ Castings for Rotors could be made in-house instead of by a vendor: results -
increase 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. Better maintenance on machining plant. 
2. Better maintenance on Cranks castings plant. 
3. Make Disc castings in-house. 
4. Make Rotor castings in-house. 

* Some combination of the above four. 
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POST-TEST QUESTIONNAIRE 
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Sunbelt Precision Engineers 

PROGRAM APPRAISAL REPORT 

y.:.f..\r Narlle ....... " ................................ " .. a .......................... " .. .. 

1. If you have not already done so~ indicate what strategy, if 
any, you were following in making your decision. 

2. If Y':'u have not alt~eady dOi"le s':,~ Dlease 
solution which was not listed that you would 

write in any other 
like to have chosen • 

.. .. .. .. .. .. .. .. .. .. " .. " .......... " .................... " .............. " .......... " ............................ " ................ " 

3. Please describe as briefiy as oossi~le the exact nature of 
the task you have Just oerformed . 

.. .. " .. " ................ " .. " ............................ " ............ " .......................... " " .. " .... III ............ " CI .. " 

..... " .. II ............ " .............. " " .......................................... " .... " " ...... " " " .......... " .. " .... " " .. .. 

.. .. " .................... " .............................. " " " .............................. " .............. " ...................... " 

.. II ............ II .................................................................................................................... .. 



4. 
213 

What was the exact oroblem that your organization faced? 

. ........................................................................................... .. 
.. .. .. .. .. .. .. . .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 

5. How were you to be evaluated by the Executive Committee 
on your performance? 

6. How much control did you feel you had over the 
decision-making oro cess that you have Just been through? 

7. 

8. 

9 . 

1 
No 

oersonal 
control 

Do you 

1 
Had all 

2 

think 

2 

the resources 
to make a 

gooc decision 

you 

~ 

3 

4 5 
Some 

control 

had the resources 

4 5 
Had enough 
resources to 

make an adaouate 
decision 

to 

Could you have made a Detter decision? 

Yes No 

6 7 
Full 

oersonal 
control 

make a good decision? 

6 7 
Did not 

have enough 
resources to make 

an adeauate decision 

I could have made a better decision if only •.•..•.•••• 

.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. :I .......................................... .. 

II .............................................................................................................................. .. 
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10. How different was this decision-making orocess from what 
you normally do? 

1 2 
Very 

dissimilar 

4 
About 

the same 

5 6 7 
Very 

similar 

11. How good was this decision-making orocess com Dared to 
what you normally do? 

1 
Much 

Better 

2 3 4 
About 

the same 

5 6 7 
Much 
worse 

12. Rs a result of this test~_how would you now rate 
yourself as a management decision-maker? 

1~ ~. 

Will 
imcrove 
with 

exoerience 

~w well 

1 
Poorly 

2 3 

do ~u think 

2 3 

4 

Same as 
my oeers 

you have 

4 
Same as 
my ~eers 

5 

done 

5 

6 

in this 

6 

7 

Out
standing 

task? 

7 
Out-

standing 

14. Why did you give yourself t~e rating that you Just did? 

II •••• III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III 

III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III .. III III III III III III III III III III III III III III III III 

III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III III 
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15. How would you rate your performance in your regular Job? 

1 2 ~ 4 5 6 7 
As good Comparable Out-
as my to other standing 

exoerience managers 
allows around me 

16. If ten other decision makers with whom you are personally 
familiar were oiven exactly the same decision environment that 
you have experienced (the ~ame information system! reports, 
ooerating conditions), how many of these decision makers do you 
think would make a better decision than you did? 

(Please record a number from 0 to 10) 

!7. If you were to continue your role as a Production Control 
Manager and continue to make decisions~ how good do you think 
your future decisions would be? (Choose Qn§ number only) 

0 1 2 3 4 5 6 7 8 9 10 
Very About Very 
much the much 

worse same better 

18. What were the key elements in the oroblem you were given? 
(Circle all those that apoly) 

Cash Flow 1 
Vendor deliveries 2 
Poor Duality out out 3 
Excessive costs 4 
Machine breakdowns in casting 5 
Shortage of incoming orders 6 
Back orders 7 
Customer comolaints 8 
Shorta~e of oroduction machine caoacity 9 
Breakdowns of pro~uction machine 10 
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19. How easy ~o YOU think this problem was? 

(Circ~e Qn~ number only) 

1 2 3 4 5 6 7 
Too Like fuo 
Easy Most Difficult 

Business 
Problems 

20. You frank comments are most welcome because it is only by 
your exoerience that our system can be imoroved for the benefit 
of you and others. Please feel free to be as candid as you 
wish. Both ne~ative and positive remarks will help us. You 
may use the back of this report if you need extra space. 

THANK YOU FOR YOUR HELP 
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D. INVESTIGATOR'S RECORDING FORM FOR "PRINTOUT"CONDITION 

SubJect's Name .......•..•......... 
L,:,cat i Clrl ••••••••••••••••••••••••• 

1. TI"lE - St art •••••••••• 
- Fil'l i sh ••••••••• 

.::-
1;;.. INFORMATION REQUESTED 

1980 1981 

Sales Reoclrts -
All Pt'O:ld 1_lct s 1 2 

Pt'c,d uct i clr. Reoclrts -
All Prclducts 6 7 

Irlvento:ory Reoc,rts -
All Pt'od uct s 11 12 

1982 )983 

3 4 

8 9 

13 14 

(Circle all items requested) 

3. HAND CALCULATOR USED 

4. SIMULATIONS REQUESTED 

5. FINAL CHOICE 

1&2 

28.·3 

1,2&·3 

1,2,3&4 

Yes 

.::
L-

1&3 

2&4 

1,2&4 

.3 4 

1 &4 

38.-4 

1, .3&-4 

(Circle all items reouested) 

1984 

5 

10 

15 

#_--------- Profit $ _________ _ 

6. RESEARCHER'S NAME 
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RESEARCHER'S RECORDING FORM 

FOR USE IN CHECKING BALANCE OF SAMPLE 



!'lion!:: 

CC'f(lQuter 

Printc''-It 

Cc'm!)uter 

II 
! 
; 

220 

SUBJECT A~~OCATION GRIn 

SUBJECT TYPE 

Manager/CoMo'-lter 
Literate 

(GrCI'.IO 1 j 

~on-Manager/Como'-lter 

Literate 

~ 
I 

!'IIana~er/non-CoMputer ! 
Li terate : 

(Grc.'-Io 5) 

--------------------
(Grc.l.lo 1) 

Non-Manager/non
Computer Literate 

(Gt',:'UD 6) 

------_._-----------_ .... _---_ .... 
(GrCH.ID 2) 



1. 

4. 

co 
..J. 

6. 

INFORMATION AVAILABLE 

Sales.Reoort (includes) 

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

Inventory Report (includes) 

Procurement Orders monthly 
Closing Inventory 

221 

iYJaxim'-1TlI Ir"rYel'"ltory duril'"lQ mOY"lth 
Deliveries/In-House Production Received during 

mc.nth 

Production Reobrt (includes) 

Orders Received turin~ month 
Back orders from orevious month 
~anufacturing Outout/Sales 

Sales Forecasts by oroduct for next twelve monthS 

Costing data oy oroduct 

5ellin~ PrIces by oroduct 



SELLING PRICES FILE 

PRINT "Sell i rsr;! Prices by Prccduct 

1980 Through 1984" 

CrarsKshaft s 

Disk Brakes 

~otor Couplings (Helicooter) 

$62. 00 eaC,j 

$19.00 eac;, 

$128.00 each 

222 



P~ODUC7 COSTS FILE 

PRINT " Prod Llct Costs by Prod uct 

1980 thro'-l!;ih 1984" 

Crai"ll<snaft s 

Disi< Brakes 

Rotors COLlolings (Helicooter) 

$42.eIlZI eaC:1 

$.1.2. eliD eaC:1 

$107.00 each 

223 



Production Operations 
Simulator 1.0 

Generated Reports 

S.R.I.L. SYSTEMS 

224 



225 

SALES REPORTS 



226 

Crankshafts 



227 

Sa 1 es 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 
Dec. 35 0 35 
---------------------------------



228 

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 
Dec. 29 7 22 
-----_ .. _--------------------------



229 

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. 25 0 25 
OcL 29 0 29 
Nov. 25 0 25 
Dec. 29 0 29' 
---------------------------------



230 

Sa1es Report for C~ankshafts 
1983 

--------------------------------
BACK 

MONTH ORDERS ORDERS SALES" 
--------------------------------
Jan. 31 0 31 
Feb. ·27 8 19 
Mar 27 0 35 
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 
---------------------------------

~. 



231 

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 
Sept 35 8 27 
Oct. 30 29 9 
Nov. 1 1 0 40 
Dec. 28 0 28 
---------------------------------



232 

II II 
Disk Brakes 



233 

Sales Report for Disk Brakes 
1980 

---~----------------------------

BACK 
MONTH ORDERS ORDERS SALES 
-----------~--------------------

Jan. 62 7 55 
Feb. 49 0 56 
Mar. 51 7 44 
Apr. 51 0 58 
May 50 0 50 
Jun. 70 0 70 
Jul. 78 4 74 
Aug. 89 93 0 
Sep. 37 130 0 
Oct. 35 165 0 
Nov. 0 0 165 
Dec. 24 0 24 
---------------------------------



234 

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 
Ju1. 34 0 34 
Aug. 29 0 29 
Sep. 32 0 32 
Oct. 32 0 32 
Nov. 31 0 31 
Dec. 32 0 32 
---------------------------------



235 

Sales Report for Disk Brakes 
1982 

--------------------------------
BACK 

MONTH ORDERS ORDERS SALES 
--------------------------------
Jan. 44 0 44 
Feb. 49 0 49 
Mar. 57 12 45 
Apr. 63 75 0 
May 44 119 0 
Jun. 1 0 120 
Jul. 50 42 8 
Aug. 13· 0 55 
Sep. 21 0 21 
Oct. 28 0 28 
Nov. 21 0 21 
Dec. 23 0 23 
---------------------------------



236 

Sa1es Report for Disk Brakes 
1983 

--------------------------------
BACK 

MONTH ORDERS ORDERS SALES 
--------------------------------
Jan. 33 0 33 
Feb. 35 0 35 
Mar. 42 0 42 
Apr. 37 0 37 
May 52 38 14 
Jun. 43 81 0 
Jul. 24 0 105 
Aug. 40 39 1 
Sept 18 57 0 
Oct. 12 0 69 
Nov. 32 0 32 
Dec. 21 0 21 
---------------------------------



237 

Sales Report for Disk Brakes 
1984 

--------------------------------
BACK 

MONTH ORDERS ORDERS SALES 
-------------------------------~ 

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 5 31 
---------------------------------



238 

Rotors 



239 

Sales Report for Rotors 
1980 

-------------------------------~ 

BACK 
MONTH ORDERS ORDERS SALES 
--------------------------------
Jan. 78 65 89 
Feb. 101 112 54 
Mar. 0 50 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 
----------------------------------



240 

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 29 
Jun 26 0 26 
Jut. 25 0 25 
Aug. 23 0 23 
Sep. 22 0 22 
Oct. 53 0 53 
Nov. 29 0 29 
Dec. 30 0 30 
---------------------------------



241 

Crankshafts 



242 

Inventory Report for Crankshafts 
1980 

-------------------------------------
Vendor Ending Maximum 

Month Orders Inventory Inventory 
-------------------------------------
Jan. 77 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 
-------------------------------------



243 

I nventory 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 51 
May 33 26 55 
Jun 31 6 34 
Ju1. 30 27 59 
Aug. 31 25 58 
Sept 33 29 58 
Oct. 33 32 62 
Nov. 16 14 48 
Dec. 33 0 22 
-------------------------------------



244 

Inventory Report for Crankshafts 
1982 

-------------------------------------
Vendor Ending Maximum 

Month Orders Inventory Inventory 
-------------------------------------
Jan. 33 21 58 
Feb. 33 20 54 
Mar. 33 24 53 
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 1 1 40 
Nov. 28 14 39 
Dec. 28 13 42 
-------------------------------------



245 

Inventory Report for Crankshafts 
1983 

-------------------------------------
Vendor Ending Maximum 

Month Orders Inventory Inventory 
-------------------------------------
Jan. 29 1 1 42 
Feb. 30 0 19 
Mar. 30 17 52 
Apr. 30 20 47 
May 28 18 48 
Jun. 29 21 47 
Jul. 29 24 50 
Aug. 29 27 53 
Sep. 14 12 41 
Oct. 28 14 40 
Nov. 28 12 42 
Dec. 30 15 42 
-------------------------------------



246 

I nventory Report for Crankshafts 
1984 

-------------------------------------
Vendor Ending Maximum 

Month Orders Inventory Inventory 
-------------------------------------
Jan. 29 18 44 
Feb. 29 0 25 
Mar. 29 18 51 
Apr. 29 16 47 
May 31 14 47 
Jun. 32 13 46 
Jul. 34 16 47 
Aug. 34 19 50 
Sep. 33 0 27 
Oct 34 0 9 
Nov. 34 44 84 
Dec. 12 19 47 
-------------------------------------



247 

Disk Brakes 



248 

Inventory Report for Disk Brakes 
1980 

---------------------------------~---

Vendor Ending Maximum 
Month Orders Inventory Inventory 
-------------------------------------
Jan. 45 0 55 
Feb. 52 44 100 
Mar. 51 0 44 
Apr. 54 39 97 
May 50 40 90 
Jun. 51 24 94 
Jul. 57 0 74 
Aug. 66 0 0 
Sep. 79 0 0 
Oct. 68 0 0 
Nov. 20 88 253 
Dec. 17 64 88 
-------------------------------------



249 

Inventory Report for Disk Brakes 
1981 

-------------------------------------
Vendor Ending Maximum 

Month Orders Inventory Inventory 
-------------------------------------
Jan. 12 132 152 
Feb. 17 134 149 
Mar. 18 119 146 
Apr. 18 115 136 
May 20 94 115 
Jun 21 98 130 
Ju1. 25 84 118 
Aug. 27 76 105 
Sep. 27 44 76 
Oct. 26 64 96 
Nov. 27 33 64 
Dec. 27 54 86 
-------------------------------------



250 

Inventory Report for Disk Brakes 
1982 

------------------------------------~ 

Vendor Ending Maximum 
Month Orders Inventory Inventory 
-------------------------------------
Jan. 30 10 54 
Feb. 36 15 64 
Mar. 42 0 45 
Apr. 50 0 0 
May 56 0 0 
Jun. 55 8 128 
Jul. 36 0 8 
Aug. 32 56 1 1 
Sept 24 71 92 
Oct. 18 75 103 
Nov. 20 78 99 
Dec. 20 73 96 
-------------------------------------



251 

.. 
Inventory Report for Disk Brakes 

1983 
-------------------------------------

Vendor Ending ~1aximum 

Month Orders Inventory Inventory 
--~----------------------------------

Jan. 22 60 93 
Feb. 26 45 80 
Mar. 31 3 45 
Apr. 37 14 51 
Ma,.y 38 0 14 
Jun. 44 0 0 
Jul 44 1 106 
Aug. 40 0 1 
Sep. 36 0 0 
Oct. 27 59 128 
Nov. 18 27 59 
Dec. 18 6 27 
-------------------------------------



252 

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 48 73 
Aug. 20 47 79 
Sept 23 43 67 
Oct. 24 16 43 
Nov. 28 31 59 
Dec. 26 0 31 
-------------------------------------



253 

Rotors 



254 

Inventory Report for Rotors 
1980 

-------------------------------------
Vendor Ending Maximum 

Month Orders Inventory Inventory 
-------------------------------------
Jan. 54 0 89 
Feb. 62 0 54 
Mar. 60 0 54 
Apr. 63 0 60 
May 45 17 63 
Jun. 24 46 62 
Jul. 25 16 70 
Aug. 35 12 41 
Sep. 35 18 47 
Oct. 39 20 53 
Nov. 32 0 59 
Dec. 45 0 32 
-------------------------------------



255 

Inventory Report for Rotors 
1981 

-------------------------------------
Vendor Ending Maximum 

Month Orders Inventory Inventory 
-------------------------------------
Jan. 47 1 45 
Feb. 47 9 48 
Mar. 37 25 56 
Apr. 36 32 62 
May 30 39 68 
Jun 28 43 69 
Jul. 27 46 71 
Aug. 25 50 73 
Sep. 23 53 75 
Oct. 33 23 76 
Nov. 34 27 56 
Dec. 36 31 61 
-----------------------------------~-



256 

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. 50 0 126 
Aug. 53 0 50 
Sep. 81 0 53 
Oct. 80 0 81 
Nov. 112 0 80 
Dec. 81 0 112 
-------------------------------------



257 

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 52 
Jul. 42 24 59 
Aug. 43 0 66 
Sep. 57 0 43 
Oct. 83 0 57 
Nov. 116 0 83 
Dec. 89 0 116 
-----------_ .. _------------------------



258 

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 
-------------------------------------



259 

PRODUCTION REPORTS 



260 

INVENTORY REPORTS 



261 

Sales Report for Rotors 
1982 

----------------------------~---

BACK 
MONTH ORDERS ORDERS SALES 
--------------------------------
Jan. 33 0 33 
Feb. 69 0 69 
Mar. 99 63 36 
Apr. 119 136 46 
May 16 82 70 
Jun. 135 161 56 
Ju1. 0 35 126 
Aug. 96 81 50 
Sep. 133 161 53 
Oct. 91 171 81 
Nov. 8 99 80 
Dec. 125 112 112 
-----------------------------------



262 

Sales Report for Rotors 
1983 

--------------------~------_&.----

BACK 
MONTH ORDERS ORDERS SALES 
--------------------------------
Jan. 112 143 81 
Feb. 0 65 78 
Mar. 37 2j 79 
Apr. 32 0 55 
May 52 0 . 52 
Jun. 35 0 35 
Ju1. 35 0 35 
Aug. 92 26 66 
Sept 109 92 43 
Oct. 131 166 57 
Nov. 14 97 83 
Dec. 142 123 116 
---------------------------------



263 

Sales Report for Rotors 
1984 

--------------------------------
BACK 

MONTH ORDERS ORDERS SALES 
-------~------------------------

Jan. 154 188 89 
Feb. 139 227 100 
Mar. 213 331 109 
Apr. 214 418 127 
May 216 432 202 
Jun. 266 696 2 
Ju1. 0 302 394 
Aug. 211 325 188 
Sep. 195 351 169 
Oct. 0 184 167 
Nov. 213 262 135 
Dec. 0 120 142 
---------------------------------



· ---' -_. ---, .. -.---.~-"'-".-'-""""-';"'--.~--..-.. -.- .-"'---"~"---"'--.- .. ''''~''-''''- - .~ . 

264 

Crankshafts 



265 

Production Report for Crankshafts 
1980 

--------------------------------
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 35 
---------------------------------



266 

Production Report for Crankshafts 
1981 

--------------------------------
BACK 

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 
Ju1. 32 0 32 
Aug. 33 0 33 
Sept 20 0 29 
Oct. 30 0 30 
Nov. 34 0 34 
Dec. 29 7 22 
---------------------------------



267 

Producti on 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. 25 0 25 
Oct. 29 0 29 
Nov. 25 0 25 
Dec. 29 0 29 
---------------------------------



268 

Production Report for Crankshafts 
1983 

--------------------------------
BACK 

MONTH ORDERS ORDERS PROD 
--------------------------------
Jan. 31 0 31 
Feb. 27 8 19 
Mar 27 0 35 
Apr. 27 0 27 
May 30 0 30 
Jun. 26 0 26 
Ju1. 26 0 26 
Aug. 26 0 26 
Sep. 29 0 29 
Oct. 26 0 26 
Nov. 30 0 30 
Dec. 27 0 27 
---------------------------------



269 

Production Report for Crankshafts 
1984 

._-------------------------------
BACK 

MONTH ORDERS ORDERS PROD 
------------------------------~-

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. 35 8 27 
Oct. 30 29 9 
Nov. 1 1 0 40 
Dec. 28 0 28 
---------------------------------



270 

Disk Brakes 



271 

Production Report for Disk Brakes 
1980 

---- --------------------
BACK 

MONTH ORDERS ORDERS PROD 
--------------------------------
Jan. 62 7 55 
Feb. 49 0 56 
Mar. 51 7 44 
Apr. 51 0 58 
May . 50 0 50 
Jun. 70 0 70 
Jul. 78 4 74 
Aug. 89 93 0 
Sep. 37 130 0 
Oct. 35 165 0 
Nov. 0 0 165 
Dec. 24 0 24 
---------------------------------



272 

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 
Ju1. 34 0 34 
Aug. 29 0 29 
Sep. 32 0 32 
Oct. 32 0 32 
Nov. 31 0 31 
Dec. 32 o· 32 
----------------------------------



273 

Production Report for Disk Brakes 
1982 

--------------------------------
BACK 

MONTH ORDERS ORDERS PROD 
--------------------------------
Jan. 44 0 44 
Feb. 49 0 49 
Mar. 57 1.2 45 
Apr. 63 75 0 
May 44 11 9 0 
Jun. 1 0 120 
Jul. 50 42 8 
Aug. 13 0 55 
Sep. 21 0 21 
Oct. 28 0 28 
Nov. 21 0 21 
Dec. 23 0 23 
---------------------------------



274 

Production Report for Disk Brakes 
1983 

--------------------------------
BACK 

MONTH ORDERS ORDERS PROD 
--~-----------------------------

Jan. 33 0 33 
Feb. 35 0 35 
Mar. 42 0 42 
Apr. 37 0 37 
May 52 38 14 
Jun. 43 81 0 
Jul. 24 0 105 
Aug. 40 39 1 
Sept 18 57 0 
Oct. 12 0 69 
Nov. 32 0 32 
Dec. 21 0 21 
---------------------------------



275 

Production Report for Disk Brakes 
1984 

--------------------------------
BACK 

MONTH ORDERS ORDERS PROD 
--------------------------------
Jan. 22 0 22 
Feb. j4 0 34 
Mar. 35 4 31 
Apr. 29 33 0 
May 30 63 0 
Jun 15 0 78 
Ju1. 25 0 25 
Aug. 32 0 32 
Sep. 24 0 24 
Oct. 27 0 27 
Nov. 28 0 28 
Dec. 36 5 31 
---------------------------------



276 

Rotors 



277 

Production- Report for Rotors 
1980 

--------------------------------
BACK 

MONTH ORDERS ORDERS PROD 
--------------------------------
Jan. 78 65 89 
Feb. 101 112 54 
Mar. 0 50 62 
Apr. 27 17 60 
May 29 0 46 
Jun. 16 0 16 
Jul. 54 0 54 
Aug. 29 0 29 
Sept 29 0 29 
Oct. 33 0 33 
Nov. 68 9 59 
Dec. 33 10 32 . 
---------------------------------



278 

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. 25 0 25 
Aug. 23 0 23 
Sep. 22 0 22 
Oct. 53 0 53 
Nov. 29 0 29 
Dec. 30 0 30 
---------------------------------



279 

Production Report for Rotors 
1982 

-------------------~------------

BACK 
MONTH ORDERS ORDERS PROD 
---------------------------------

Jan. 33 0 33 
Feb. 69 0 69 
Mar. 99 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 99 80 
Dec. 125 112 112 
---------------------------------



280 

Production Report for Rotors 
1983 

--------------------------------
BACK 

MONTH ORDERS ORDERS PROD 
--------------------------------
Jan. 112 143 81 
Feb. 0 65 78 
Mar. 37 23 79 
Apr. 32 0 55 
May 52 0 52 
Jun. 35 0 35 
Jul. 35 0 35 
Aug. 92 26 66 
Sep. 109 92 43 
Oct. 131 166 57 
Nov. 14 97 83 
Dec. 142 123 116 
_ ..... _-_._---------------------------



281 

Production Report for Rotors 
1984 

--------------------------------
BACK 

MONTH ORDERS ORDERS PROD 
--------------------------------
Jan. 154 188 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 
Sept 195 351 169 
Oct. o. 184 167 
Nov. 213 262 135 
Dec. 0 120 142 
---------------------~-----------



282 

SALES FORECASTS 



Product Sa1es Forecasts 1985/6 
By Product ll by Month II in Uni ts . 

1985 
--------------------------------
Month Cranks Disks Rotors 
--------------------------------
May 1200 60 10 
Jun. 1250 65 10 
Jut. 1300 65 10 
Aug. 1350 70 15 
Sept 1400 70 15 
Oct. 1425 75 15 
Nov. 1450 75 15 
Dec. 1475 . 80 15 
--------------------------------

1986 

Month Cranks Disks Rotors 

Jan. 
Feb. 
Mar. 
Apr. 

1500 
1500 
1500 
1500 

80 
85 
90 

100 

15 
20 
20 
20 

283 
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