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SUMMARY

_ This technical paper describes the results of a field evaluation of a new
approach to the measurement of organizational productivity. This approach in-
volves (a). identifying the objectives of the ‘unit, (b) identifying .measures or indj-
cators of how well the unit is' meeting these objectives, and (c)- deveioping func-
tional relationships between performance on the indicators and the contribution
that those levels of the indicators make to overall effectiveness. T

The. productivity measurement -system. was developed for five sections ‘in
maintenance and supply at. an operational Air Force base. The productivity mea-
sures derived from the system were used as a basis for monthly feedback to the
units for a period of five months. After this period, goal setting was added to
the feedback for five months. Finally, incentives were added to the “feedback
and goal setting. : oo a ' R

Results showed the system to be a very effective method of productivity
measurement and enhancement. Its implementation was effective, 'unit personnel
were cooperative in developing and using it, and it showed good psychometric
characteristics. Using the feedback that was produced by the system resulted in
2n average gain in productivity of 50% over baseline, across the five tnits,
When goal setting was added, the mean increase was 75% over baseline. When
incentives were added, the mean increase was 76% over baseline. The positive
effects lasted over time, and continued after the departure of the research team.
The incumbents and supervisors of the units evaluated the system very positively,
After the research was completed, the units continued to use the system on their
own, and managers have requested that it be used in other units at the base.

This approach shows promise for use in much larger organizational units,
The ‘basic measurement and aggregation strategy also has applications in manage-
inent information systems, criterion development, test validation, measures of
managerial performance, performance appraisal, and other situations where mul-
tiple sources of data must be combined into an overall index or judgment.
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L INTERODUCTION

The prolem of enhancing prod=ictivity has been a major concern for some
time. In the popglar media and in te=chnical presentations, enhancing productivity
bas been seens an issue that has ime—plications for our quality of life, our econ-
omy, and our wmpetitive position in the world marketplace (Alluisi & Meigs,
1983; American Productivity Center, MM 981). In addition, individual organizations
are continually concerned about increamsing their productivity in order to improve
their operationl effectiveness. The=is concern for increasing productivity is
shared by the Ar Force, and has led mhe Air Force Human Resources Laboratory
(AFHRL) to eylore ways of enhancingz productivity.

As impotant as increasiiy prouctivity is, attempts to do 80 are usually
hampered by 1tk lack of good measumres of productivity. The basic idea is a
simple one. Tyincrease productivity, —~wwve must first be able to measure it.

The purpse of this technical re=ort is to describe a new approach to mea-
suring organizatinal productivity that wwe feel is a substantial improvement over
existing methods, and to present the re=sults of an implementation of this system
in an operationd Air Force environme=nt. This report is one of three reports
coming from th project. One of ttme other reports (Pritchard, Jones, Roth,
Stuebing, and Eleberg, 1987) is a resesarch report focusing on the results of the
feedback, goal setting, and incentive in®erventions, The third report (Pritchard,
Stuebing, Jones, Roth, and Ekeberg, 19537) is not a research report, but a man-
ager’s manual - with practical directions for designing and implementing feedback,
goal setting, and icentive systems, ‘

In the reminder of this report w—e shall (a) briefly review approaches to
organizational profictivity, (b) Present csur approach to organizational productivity,
(c) discuss the mults of a field test tMhat utilized this approach, (d) present the
positive features of this approach and (e=) draw conclusions about the effort.

IL. APPROACHES TO QRGANVIZATIONAL PRODUCTIVITY

Although muh has been written oma the subject of organizational productiv-
ity, there is litlle consensus concerning~ its definition (Tuttle, 1983). Such a
lack of consensusis perhaps not surpri=sing since there are many approaches to
and perspectives o productivity. There are, however, several major issues that
should be addressd, In the review belows, we will first present these issues and
then briefly discus specific techniques —that have been used to measure produc-
tivity.




Efficiency vs. Effectiveness

‘The first issue to be addressed is whether an efficiency or an ef-
fectiveness approach should be used in measuring productivity. Both have been
proposed and used. Efficiency is typically thought of as an output-to-input ratio.
For example, monthly manufacturing output divided by manpower used to produce
that output would be an efficiency measure. Effectiveness is usually discussed
as the relationship of outputs to some standard or expectation. For example,
monthly manufacturing output expressed as a percentage of the goal for that
month would be an effectiveness measure. In addition, effectiveness usually in-
cludes quality of the output as well as quantity.

Efficiency is the more widely used of the two concepts because it is eas-
ier to measure and standardize across organizations, industries, and nations
(Norman & Bahiri, 1972). When we hear that productivity growth in the United
States has declined over the last 20 years (American Productivity Center, 1981),

product divided by worker hours). Effectiveness is a much broader concept be-
cause it includes other concepts such as standards, objectives of the organization,
expectations of interested parties (e.g., shareholders, regulatory agencies, and
customers), and the viability of the organization relative to its competition. As
Mendelow (1983) argued: "The most efficient slide-rule manufacturer would be
out of business today assuming it had not adapted its product line to meet the on-
slaught of hand-held calculators " (p. 70). Proponents of the effectiveness con-
cept argue that as complexity and ambiguity of the work increase, effectiveness
measures become more important than efficiency (Balk, 1975). Effectiveness
can also reflect the organization’s bargaining position relative to its environment,
whereas the efficiency concept does not.

Some authors define productivity as a combination of efficiency and ef-
fectiveness (Balk, 1975; Coulter, 1979; Hanes & Kriebel, 1978; National Center
for Productivity and Quality of Working Life, 1978; Sibson, 1976; Tuttle, 1981).
Typical formulations (Balk, 1975) are:

Productivity = Efficiency + Effectiveness or

Productivity = Output/Input + Output/Standard

Perspective Taken

A second issue in the productivity literature is that although differing ap-
proaches to productivity can be understood in terms of an efficiency,

2 11




effectiveseness, or an integrated scheme, they can also be understood in terms of
the per—spective taken. That is, the approach to measuring productivity is
determimmed by the perspective of those doing the measuring. Tuttle (1983)
suggestew=d five perspectives:

1. Economist’s Perspective. In this approach, productivity is output
divided by associated inputs such as labor, capital, intermediate
products purchased, and time. This approach is typically applied to

very macro units such as whole industries or countries.

2. Engineer’s Perspective. In this approach, productivity is equated
with the efficiency of the operation, based on a comparison of en- .
ergy as the input and useful work as the output. This approach
would typically be used with one organization, or a part of the or-
ganization. In addition, it would typically focus on the -equip-
ment/hardware aspects of the organization.

=3. Accountant’s Perspective. Here the focus is on the financial
performance of the organization. Various ratios such as profit di-
vided by sales would be examined.

<3. Manager’s Perspective. This is a broad definition of 'prcduetivity
which includes quality, quantity, disruption, turnover, and absen-
teeism (Katzell, Yankelovich, Fein, Ornati, & Nash, 1975).

5. Industrial/Organizational Psychologist’s Perspective. Here the
concern is primarily the personnel subsystem -of-the - organization, -
and the efficiency or effectiveness of that subsystem.

Cle=arly, these approaches are quite different. They measure different
things, anc=1 they are used for different purposes. They would also result in very
different Fproductivity measurement systems.

OrganizatEZonal Model Used

A t=hird issue is that the measurement of productivity will be determined
by the orgeranizational model used. This issue comes from the literature on orga-
nizational effectiveness. Campbell (1977) summarized the theoretical viewpoints
on organiz=ational effectiveness. While there are numerous models of organiza-
tional effeectiveness (Campbell, Bownas, Peterson, & Dunnette, 1974; Coulter,
1979; Enge=1, 1977; Goodman & Pennings, 1976; Mahoney & Frost, 1974; Mahoney &
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Weitzel, 1969; Price, 1968; Steers, Porter, Mowday, & Stone, 1975), Campbeli
(1977) identified two general models:

1. Goal Centered. This model assumes that the way to assess or-
ganizational effectiveness is to develop criterion measures assessing
how well the organization’s goals are being achieved. The goals to
be assessed are referred to as operative goals. These goals are
the ends sought through the actual opersating policies of the organi-
zation (Perrow, 1961), as opposed to the officially stated goals of
the organization (Keeley, 1978).

2. Natural Systems. This model assuines that the demands from the
environment are so dynamic and complex that a finite number of
goals cannot be defined. The theory holds that the organization

should have the overall goal of maintaining its viability, without de-
pleting its environment. This view focuses on the means of ob-
taining organizational viability such as internal consistency, judicious
..stribution and use of resources, etc. "he focus is on the people
in the organization, not on the state of the organization’s technology
or its physical structure.

These two global perspectives of organizations are quite different from

productivity.

What To Include In The Measurement

The next issue is what measures should be included in the measure of
productivity. Clearly, the different perspectives such as the economist’s and the
accountant’s have implications for what measures are included, as does the orga-
nizational model used. There are, however, a variety of other possibilities.
Campbell (1977), for example, listed 30 types of measures that have been used.

1.
2

3.
4,
5.
6.
7.
8

9.

Overall Effectiveness
Productivity
Efficiency

Profit

Quality

Accidents

Growth

Absenteeism

Turnover
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10. Job Satisfaction

11. Motivation

12. Morale

13. Control

14. Conflict/Cohesion

15. Flexibility/Adaptation

16. Planning and Goal Setting

17. Goal Consensus

18. Internalization of Organizational Goals
19. Role and Norm Congruence

20. Managerial Interpersonal Skilis

21. Managerial Task Skills

22. Information Management and Communications
23. Readiness

24. Utilization of Environment

25. Evaluations by External Entities

26. Stability

27. Value of Human Resources

28. Participation and Shared Influence
29. Training and Development Emphasis
30. Achievement Emphasis

Seashore and Yuchtman (1967) reported on a factor analysis of or-
ganizational productivity scores for insurance agencies. They identified ten fac-
tors, many of which were quite different from those listed by Campbeil. They
included new member productivity, youthfulness of members, business mix, man-
power growth, and market penetration.

The variety of measures that could be included in a productivity measure-
ment system clearly shows that no one set of measures constitutes productivity.
The diversity of pQSSiblé measures must be considered in the design of a pro-

Completeness Of The Measurement System

In contrast to the issue of what constitutes productivity, there is consider-
able agreement that a productivity measurement system should include all impor-
tant aspects of the organization’s work. If the system is not complete, it could
easily encourage negiect of those organizational objectives that are not included as
part of the measurement system. In such a situation, the overall effectiveness

of the organization would suffer.



Duerr (:974) reported several instances of this problem. One case in-
volved a manufacturing company. The plants in the company were compared, and
incentives were given to supervisors and managers on the basis of an operating
efficiency ratio. Certain aspects of productivity that were not included in this
ratio were allowed to suffer so that the operating efficiency ratios would be fa-
vorable. The result was that the company sustained significant economic loss
because certain measures were neglected. ‘

One Air Force training manager described the effects of an incomplete
productivity measurement system this way:

We measure the things that are easy to measure but the greatest part of a
mission is constituted by things that are not easy to measure ... [we] mea-
sure those things that are easy to measure -- and we measure them just
great -- but whether we achieve our mission will depend on these other
objectives that we've avoided because we’re not sure how to measure
them. Until we come to grips with this sort of thing, we’'re not sure
we're assessing the right thing. And if you don’t assess the right thing
you’ll never know if you’re productive (Tuttle, 1981, p. 24-25).

Use Of An Overall Index Of Productivity

Another broad issue for productivity measurement systems is the use of an
overall index of productivity. We would argue that the use of a single index is
very important because of its motivational value. A single index provides the
members of the unit with a sense of improvement or decrement. The single in-
dex would also seem beneficial for information purposes. A large number of
pieces of information on organizational functioning can be very difficult to as-
similate and use for making decisions.

The problem of integrating numerous measures of productivity into a com-
posite is similar to the problem of developing a composite measure of individual
performance when several dimensions of performance are identified. Schmidt
and Kaplan (1971) reviewed the controversy between composite and multiple cri-
teria., Several points were made, two of which are relevant for productivity
measurement:

1. Composite criteria are useful for decision making, providing the
weights applied to each of the criteria contained in the composite
are subject to a verification procedure. '
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2. The combining of unrelated variables into a composite presents a
problem if the variables do not represent an underlying dimension
such as an economic value or effectiveness. Apples and oranges

can be added only if they can logically be converted to a measure of
their underlying dimension.

There is, however, an additional problem with the weighting of individual
measures which concerns the linearity of the weighting. Giving a weight to a
productivity measure according to its importance assumes that its relative impor-
tance is the same regardless of the level of performance on that measure. The
fact that this may not be a valid assumption has been pointed out by Campbell
(1977):

...in the real world it is probably a mistake to think of effectiveness
criterion variables, regardless of how many there are or at what level
they are, in terms of continuous and linear functions. For example, higher
and higher retention rates may be "good" up to a point and then become
"bad " (p. 44).

These points suggest that combining or translating individual indices into a
composite measure of overall productivity is of considerable value because of the
motivational and informational advantages. It is also a reasonable goal since the
individual measures form a clear underlying dimension: the -productivity of the
organization. It is, however, important to accomplish this in such a way that ac-
curate relative weights of the individual measures are maintained, and non-lin-
earities are preserved.

Several authors have presented methods for measuring productivity. These
cut across many of the conceptual issues that have been presented above. Five
of these methods will be presented here,

One method is called Total Performance Measurement (Joint Financial
Management Improvement Program, 1976), and is a technique for measuring pro-
ductivity that has been used in a number of Government organizations. This
technique combines industrial engineering and behavioral science technologies to
measure various aspects of productivity.  Objective productivity indices, such as
efficiency ratics, are collected. Questionnaires are designed and administered to
customers of the organization as well as its employees. The questionnaire data
are related to the "hard" productivity indices, and these data are then presented
to management in a feedback session. The feedback session is designed to
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reveal the causes of good and poor organizational performance, and to form
action plans.

A second method was presented by Peeples (1978), who measured produc-
tivity in 14 data processing centers. In this system, mdnagement weighted each
aspect of productivity by assigning points for different levels of goal attainment.
The more important goals could earn more total points than less important goals.
Within each goal, more points could be earned as the organization approached the
goal attainment level. The total number of points was the composite measure of
productivity for each data processing center. The centers competed against one
another for recognition in terms of total points earned. Significant increases in
productivity and financial indices were reported.

A third approach, by Felix and Riggs (1983), presented a productivity mea-
surement system that depends on an "objectives matrix" to combine all productiv-
ity criteria into a composite index. The objectives matrix matches different lev-
ranges from one to ten. The highest goal levzl reasonably possible for each
criterion would receive a performance score of 10. The lowest likely score for
each criterion would receive a performance score of 0, and likewise for the
points in between. Each criterion is weighted for importance, and the perfor-
mance scores for each criterion are multiplied by the weights. The sum of the
weighted performance scores is an overall index of organizational productivity
for that unit. For an organization consisting of several units, the authors sug-
gested weighting the overall productivity score for each unit by the number of
people employed in each unit. The sum of these weighted overall productivity

A fourth method (Kim, 1980) is a technique for combining effectiveness
and efficiency measures. This approach measures effectiveness by dividing each
criterion score by the goal level for that criterion. Thus, each criterion has a
percent effectiveness value. These percentages for each of the criteria are mul-
tiplied by weights reflecting their importance; then they are summed to get a
weighted composite effectiveness score. The weighted composite effectiveness
score is divided by the number of criteria to get a weighted average composite
effectiveness index. This final index is then divided by cost ratios to get ef-
fectiveness-to-efficiency ratios.

Finally, Tuttle and his associates (Tuttle, 1981; Tuttle & Weaver, 1986;

Tuttle, Wilkinson, & Matthews, 1985) presented a detailed methodology for a
participatively developed productivity measurement system. Their approach,

8 17



known as the Methodology for Generating Efficiency and Effectiveness Measures
(MGEEM), begins with the following steps:

Management makes the decision to measure productivity.

A measurement coordinator from within the organization is selected.
Researchers familiarize themselves with the organization.

The boundaries of the organization are defined.

An orgeanizational diagram is constructed.

YUP W -

The heart of this system requires that managers and employees meet to
identify the "key result areas" of the organization's performance, which corre-
spond to the organization’s objectives and the support activities for those objec-
tives. Next, organizational members are asked for "indicators" or measures of
those key result areas. Tuttle employs the nominal group technique to elicit
ideas from supervisors and employees. Thus, the system reflects the ideas of
those who will be using the system. Although he does not focus on it in detail,
Tuttle suggests that the indicators can be combined into a composite index using
the matrix format described by Felix and Riggs (1983).

Conclusions From The Literature

In summary, there are many approaches, perspectives, and issues relevant
to productivity measurement. It is tempting to ask, "What is the best definition
and perspective to use in conceptualizing productivity?" However, we beljeve that
this is the wrong question. Efficiency and effectiveness approaches both have
their place, as do the different perspectives.. How one resolves some of the
other issues, such as how and what to measure, depends on the circumstances.
The better question is, "Under which circumstances is which approach most
appropriate?" For different purposes, very different approaches would be used.

IIl. OUR APPROACH TQ ORGANIZATIONAL PRODUCTIVITY

Following this line of reasoning, to establish our approach to organizational
productivity, we first need to describe our purpose in measuring it. In the sim-
plest terms, our purpose in measuring productivity is to be able to increase it
within a given organization or part of that organization. Our assumption is that
the people- in the organization have a great impact on the productivity of the orga-
nization; that is, what they do and how they do it are most important. Although
the technical subsystem is also important, our focus is not on that part of the
system directly, but, rather on how the technical subsystem is used by the people.
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Therefore, to increase productivity, we need to increase the productivity of the
people in the organization.

tional one. That is, if motivated to do so, personnel would exert more effort
and be more persistent in their efforts. They would work more efficiently in
the sense that their efforts would be more directly related to organizational ob-
jectives. They vwu. . .mprove their work strategies and would use their own
and others’ time and efforts with less waste. This suggests that the perspective
we will be taking is a combination of the manager’s perspective and the indus-

trial/organizational psychologist’s perspective.

Secondly, although we believe that both efficiency and effectiveness ap-
proaches should be included in a productivity measurement system, we believe
that the appropriate approach is first to consider productivity as effectiveness
rather than efficiency. We take this position for three reasons. First, effec-
tiveness--with its orientation toward goal attainment--is a broader definition of
productivity, in that it results in a measurement system that expresses productiv-
ity in terms of how good that productivity is. By contrast, an efficiency ap-
r -oach does not carry with it information as to what constitutes a good or bad
level of efficiency. The second reason for our adopting the effectiveness ap-
proach is that by taking this approach, we can more easily generate a measure-
ment system that can combine all aspects of the organization’s productivity into a
single measure. The final reason is that the system we are proposing makes it
possible to obtain an effectiveness measure and weight it by inputs to arrive at a
system that combines the best aspects of both the effectiveness and the effi-
ciency approaches.

goal centered model than the natural systems model. The natural systems model
emphasizes the interaction of the organization with its outside environment. This
is clearly an important aspect of the long-range viability of an organization.
However, issues such as how the organization will interact with the environment,
what environmental changes will be forthcoming, and how to prepare for these
changes are matters that are the responsibility of top management. Personnel
from middle management down to incumbents do not typically get involved in such
broad issues. Top management must make these decisions and then formulate

The organizational model we will be using is patterned more after the

zation can successfully interact with its environment.

Therefore, although it may be appropriate to consider the organization
based on the natural systems model at the level of top management, the goal
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centered model is more appropriate if one is focused on the lower levels of the
organization. This suggests that if the purpose of the productivity measurement
is to increase the motivation of the members of the organization, especially from

middle management down, the appropriate model to use is the goal centered
model.

Given our purpose of increasing productivity, it is critical that the mea-
surement system be complete, so that increases in measured aspects of the work
are not made at the expense of equally important but unmeasured aspects. Fi-
nally, the individual measures should be combined into an overall measure of pro-
ducuvity for both motivational and informational purposes. This must be done in
a manner that preserves the relative importance of the measures, and captures
any non-linearity of the measures.

Description Of The Productivity Measurement System

The theoretical background for this approach to the measurement of orga-
nizational productivity stems from the theory of organizational behavior presented
by Naylor, Pritchard, and Ilgen (1980). In this theory, an individual’s role is
seen as a series of relationships, called contingencies. These contingencies not
only indicate what the important things are that the person must do in the job
(called products), but also show the relationship between the amount of each of
these activities and how that level of the product is evaluated.

This approach to roles has the advantage of indicating more than the typi-
cal information present in role specification. The typical information is limited
to a listing of the important duties a person must perform on the job. In the
Naylor, et al. approach this information is supplemented by the level of perfor-
mance that is expected in each area, and how positively or negatively each level
of performance is evaluated.

In essence, we used the Naylor, et al. conceptual approach of using prod-
ucts and contingencies, and extended its application from individuals to organi-
zational units. This application led to the development of a number of unique
features for a productivity measurement system. We shall discuss these later in

this paper.

work of Tuttle (l981 Tuttle, et aLi 1985)_ In this work. alsc supported by the
Air Force Human Resources Laboratory, Tuttle developed an approach to mea-
suring productivity that included methods of going from what we call products to



obtaining objective indicators of how well these products were being produceg.
He used a variety of group techniques, some of which we used also.

Steps in the Development of the Productivity Measurememnt System.

The technique to generate the productivity measurement system consists of
four distinct steps: (a) identify salient products, (b) develop indicators of these
products, (c) establish contingencies, and (d) put the system together.

Step 1: Identify Products.

Every organization has a set of activities that it is e.pected to perform.
These activities result in a set of what Naylor, et al. (1980) called products.
In using the term "product,” we mean more than merely a tangible thing that is
produced. Products can be thought of as the set of objectives that the organiza-
tion is expected to accomplish.  The productivity of the organization is a func-
tion of how effectively the organization generates these products. The first step
in devzloping the productivity measurement system is to identify these products.

To present the steps involved in developing the productivity measurement sys-
tem, we shall use an extended hypothetical example that will make each step
more concrete. For this example, we shall use a maintenance organization that
diagnoses and repairs aircraft electronic communications equipment. The organi-
zation’s primary responsibility is to repair, as quickly and as accurately as pos-
sible, the various items that are brought in when they malfunction. If a repaired
item does not function properly when installed in the aircraft, it is returned to
them for reaccomplishment of the repair. The unit is periodically inspected by a
Quality Control function, which determines whether maintenance personnel are ac-
curately following the procedures for repair detailed in available repair manuals.
The maintenance unit also has responsibility for conducting on-the-job training,
and a technician can repair a piece of equipment only if he/she has passed the
training certification required for that piece of equipment. Thus, it is important
that a sufficient number of people be qualified through training so that all the
items can be repaired in a timely manner.

To develop the system, the first step would be to meet with people from the
organization to identify the salient products. Let us assuma that the following

products are identified:

1. Quality of repair.



2. Ability to meet demand for repairing items (i.e., the organization’s
ability to repair the needed equipment quickly).

3. Ability to meet training needs (i.e., the degree to which the organi-
zation meets its on-the-job training needs).

In actual fact, there might well be more products in such an organization.
However, since our intent here is to explain the logic of the system, we shall
use only these three so that the example remains simple enough for clear pre-
sentation.

Step 2: Develop Indicators.

Once the products are determined, the next step is to develop indicators for
each of these products. An indicator is a measure of how well the organization
is generating the product in question. The indicators are determined from inter-
action with the people in the organization, who are asked to think of those things
which would show how well people in the organization are producing their prod-
ucts. There may be only one indicator for a given product, or there may be
more than one. Some indicators will already be available; some will have to be
newly developed. After the indicators are discussed and refined, the products
and indicators might look something like this:

Product 1. Quality of repair.

Indicator A: Return rate: percentage of items repaired that
were returned for reaccomplishment of repair.

Indicator B: Percentage of Quality Control inspections passed. -
Product 2. Ability to meet demand for repairing items.

Indicator: Number of units repaired divided by total number
of units brought in for repair.

Product 3. Ability to meet training needs.
Indicator: Number of people qualified to work on each type

of itemm to be repaired, divided by number of
people needed to be qualified.
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As mentioned above, this would not be a complete list of products and in-
dicators for such an organization, but it does serve to explain the concept of the
productivity measurement system.

Step 3. Establish Contingencies.

Once the products and indicators have been identified and agreed upon, the
next step is to establish the contingencies. A contingency is the relationship be-
tween the amount of the indicator and the effectiveness of that amount of the in-
dicator. Figure 1 presents an example of a contingency. The top half of the
figure shows the general form of a contingency. The horizontal axis represents
the amount of the indicator, ranging from the worst possible level to the best
possible level. For this example, we have chosen the first indicator: the per-
centage of items returned for reaccomplishment of repair. Assume that the peo-
ple in the organization have said that the best possible return rate is 2% because
about 2% of the electronic components they use for repairs can work properly
when installed and checked, but fail almost immediately when put into use. Let
us also assume they said that the worst possible return rate would be 20%.
Based on this information, values on the horizontal axis would fall between 2%
and 20%. The vertical axis of the figure shows the effectiveness values of the
various levels of the indicator. It ranges from +100 which is maximum effec-
tiveness, to -100, minimum effectiveness. It also has a zero point which is de-
fined as the expected or neutral level of effectiveness. That is, the zero point
is neither positive nor negative,

Once the best and worst possible levels of productivity have been estab-
lished by the organizational personnel, the next task is to determine the zero
point; that is, the indicator’s expected level, the level that is neither especially
good nor especially bad in terms of productivity., Once this is established, a
point would be placed on the figure at the intersection of the zero point of the
vertical axis and the level of neutral point on the horizontal axis. For example,
if the neutral point were identified as a return rate of 10%, it would be indicated
as shown in the bottom half of Figure 1.

Next, the maximum and minimum effectiveness levels would be established.
The first step is to list the maximums for each of the indicators. Assume the
maximum indicator levels for the four indicators in our example were as fol-

lows,
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FIGURE 1. EXAMPLE CONTINGENCY |
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Indicator Maximum Possible Value

1. Percent return rate 2%
2. Percent quality inspections passed 100%
3. Percent repair demand met 100%
4. Percent qualified/needed 130%

The group of incumbents and supervisors is then asked to rank order
these maximums in terms of the contribution of each to the overall effectiveness
of the unit. The one that the unit personnel believe to be the most important
thing -that the unit can do is given a rank of 1, the second most iraportant thing
is. given a rank of 2, etc. The group discusses this ard consensus is reached.
The' maximum with the highest importance rank is then ‘given an effectiveness
value of +100, and the group is asked to rate the other maximums relative to
this. - They are told to rate the other maximums as percentages of the +100
maximum. For example, if the maximum of a given indicator was only half as

impefte;nt te the effectiveness of the Lmt as the meet imperterxt meximum, ’l’;‘l‘xej;r

mum veluee ef eeeh md;eeter, exeept the meet 1mpertent (Weret) minimum is not
constrained to be a value of -100, it is given the value that the group feels is
appropriate,

"Once the zero points are identified and the effectiveness values of the
maximums and minimums established, the remainder of the points in the line are
developed by the group. Group discussion is continued until consensus is reached.

Assume that the personnel in the organization said that return rate was an
important aspect of their work, and that to be at the minimum (20% return
rate) would correspond to an effectiveness of -80, and to be at the maximum
(only, 2% return rate) would be a +70. After the other points on the line were
identified, this might result in a contingency similar to that shown in the bottom
of the figure, which indicates that going above the neutral point results in in-
creasing positive values, but such are not linear. In the example, once a return
rate of 6% is reached, lower return rates do not represent as great an increase
in effectiveness. Likewise, at the low end, once the return rate reaches 14%,
they: are doing very badly, and any rate below that is proportionally not as bad.

. After this process has been completed for each of the indicators, and once

eljlefheve been scaled and reviewed for accuracy, the contingency set would be
complete.
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A sample contingency set is presented in Figure 2. For each indicator
there is a contingency with its maximum, minimum, and expected or zero point,
and a function relating it to effectiveness. The first contingency, that for return
rate, is the same as that shown in the lower part of Figure 1. The second con-
tingency is for the percent of Quality Control inspections passed, Note that for
this contingency the expected level is that 100% of these inspections be passed,
Recall that these inspections are not inspections of the final work but rather, in-
spections of the process the technician goes through in doing the repair. It is an
index of how well the person is following the manual in doing the repairs. It is
expected that all repairs will be done in accordance with the manual, Thus, this
contingency shows that the expected level is doing all repairs (i00%) in accor-
dance with the manual. Anything less than this is below expectations, and results
in negative effectiveness. Note that in this particular case (since it is not possi-
ble to pass more than 100% of inspections), there are no positive values, To-
gether, these two contingencies cover Product 1, Quality of Repair.

Product 2, Ability to Meet Demand for Repairing Items, has only one indica-
tor; and hence, oniy one contingency. The indicator is the number of units re-
paired divided by the total number brought in, expressed as a percentage. This
contingency is steep at the low and high end, and fairly flat in the middle sec-
tion.

Product 3, Ability to Meet Training Needs, also has only one indicator: num-
ber of people qualified (through training) to repair equipment, divided by the
number needed, expressed as a percentage. For this indicator, it is possible to
go above 100% qualified since, although the organization needs only 15 people to
be qualified to repair a given piece of equipment, it could actually have more
than 15. However, the contingency becomes flat after 110%, indicating that hav-
ing more than 110% is no more effective than having 110%. The idea is that
once there is a small excess over the maximum number needed, having additional
trained personnel is not important.

Two things are particularly noteworthy about these contingencies. The first
is that the overall slope of the function expresses the relative importance of the
indicator. For example, the overall slope for the first indicator (return rate) is
steeper than that for the second indicator (percent of inspections passed). This
reflects the fact that although it is important to pass inspections, which show
that the process of doing the repair was accurate, actually doing the repair so
that the item functions properly is more important. Second, the contingencies can
be non-linear. As shall be discussed below, this is necessary to accurately re-
flect the realities of an organization’s functioning. In many cases, the relation-
ships that actually exist are simply not linear.
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It is important to recognize what these properties of the contingencies do.
Many productivity measurement systems, even if they attempt to measure all the
important aspects of the organization and combine them into a single index, do so
by some form of summing of the measures. This amounts to saying that all the
functions of the organization are equally important. Clearly, this does not reflect
organizational reality. Different things the organization does are not equally
important. OQur system deals with this differential importance issue by the na-
ture of the contingencies. Aspects of the work that are Very important get
Steeper contingencies than aspects that are less important. For example, in Fig-
ure 2, the first indicator for Quality of Repair has a range in effectiveness
from -80 to +70, whereas Ability to Meet Training Needs ranges from -60 to
+10. This indicates that Quality of Repair is more important than Ability to Meet
Training Needs, since variations in Quality of Repair have a greater impact on
the effectiveness of the organization. Thus, the relative importance of each dif-
ferent aspect of the work is incorporated into the contingencies.

Another approach that could be used to incorporate differential importance
into the measurement system is to measure each aspect of the wor} and then
weight each measure according to its importance. (Presumably each would be
first divided by its standard deviation to equalize the relative contribution before
weighting for importance.) Thus, for example, Quality of Repair might be con-
sidered as being twice as important as Ability to Meet Training Needs. To get
an overall productivity index, the Quality of Repair measure ‘would be multiplied
by 2 and added to the training measure. We feel our approach is superior to
this technique. The problem is that the simple weighting mettiod assumes that
there is a linear relationship between amount of the measure and productivity;
that is, to improve a given amount at the low end of the measure is as good as
improving that same amount at the high end. However, in the real world, it is
very common for values in the middle range of an indicator to represent large
improvements in productivity, and values at the high end to represent a point of
diminishing returns. That is, once an organization gets to a fairly high level of
productivity on one aspect of the work, it is frequently better to try to improve
something else that they are not doing as well, rather than continue to improve
something that is already at a high level.

For example, if the repair shop were operating with a very low return
rate, it might be better to try to improve meeting its training needs rather than
attempting to further improve its return rate. Thus, even though return rate
overall is more important than training, if return rate is good, improving a low
degree of training readiness can become more important to the overall ef-
fectiveness of the organization. Another example of this non-linearity would be a
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situation such as that depicted for training needs. Once the organization reaches
a certain point, further increases are nct more effective since all the people that
are necessary are already trained.

The simple weighting method ignores this non-linearity because no matter
where the organization is on the measure, the value is always weighted by a con-
stant amount. The contingencies in our system capture this non-linearity and thus
provide a more accurate picture of the organization’s functioning.

Step 4. Put the System Together.

Once the contingencies are completed and approved by management, the last
step is to put the system together. This would be accomplished by first collect-
ing the indicator data for a given period of time. If the time period selected
were a month-long period, the data for the four indicators would be collected at
the end of the month. Then, based on the contingencies, effectiveness scores
would be determined for each indicator by calculating the effectiveness for that
level of the indicator. This is illustrated in Figure 3. For example, if the
maintenance unit had a return rate of 6% in the month of March, examining the

contingency indicates that such a return rate is associated with an effectiveness
score of +60 (i.e., a value of 6% return rate on the horizontal axis is associated
with an effectiveness value of +60 on the vertical axis). Continuing this process
would give an effectiveness value for each indicator, as exemplified in Figure 3.

Once the effectiveness values are determined, they can be summed to derive
the overall effectiveness score for products with more than one indicator, as
seen for the first product, The total effectiveness of the product Quality of Re-
pair would be the sum of the two indicators comprising that product: +60 for
Return Rate and -10 for Percent Quality Control Inspections Passed, for a total
of +50. Next, overall productivity can be calculated by summing all of the ef-
fectiveness scores. In the example, this Overall Effectiveness score is +20.

These effectiveness scores have a distinct meaning, in that a score of
zero means that the organization is meeting expectations; that is, their productiv-
ity is neither particularly good nor bad. As the score becomes positive, they are
exceeding expectations. The more positive the score, the more they are exceed-
ing expectations. As the score becomes negative, they are below expectations.
The closer they are to the maximum possible overall effectiveness score, the
closer they are to their best possible productivity.

This ability to simply sum effectiveness scores is one of the major ad-

vantages of the system. Because the contingencies reflect the relative importance
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3. Completed System.
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PRODUCTIVITY: MAINTENANCE UNIT
DATE: March, 1987

INDICATOR -~ EFFECTIVENESS
DATA: MARCH SCORE

I. Quality of Repair
A. Return Rate 6% +60

B. Percent Quality Control 95%
Inspections Passed

Total Effectiveness: Quality of Repair = +50

II. Meeting Repair Demand
A. Percent Demand Met 90% +10

Ill. Meeting Training Needs

A. Percent Qualified/Needed 80% -

OVERALL EFFECTIVENESS = 420
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and the non-linearity of the indicators, these factors are already incorporated in
the system; thus, a simple summing does indeed reflect the overall effectiveness
of the unit. As will be discussed later, this property also makes it possible for
the system to be used to aggregate across individual units to determine the pro-
ductivity of larger and larger units of the organization.

Accuracy Of The System

In order for this approacl to be a good measure of organizational produc-
tivity, it is obvious that it needs to be accurate. This means several things. It
means that the listing of products and indicators must be complete. If there are
important functions of the unit that are not included among the products, or if
important indicators are omitted, the system can easily produce a situation where
those things that are measured are attended to, and those that are not measured
are somewhat ignored. This uneven attention to important functions can have
very dysfunctional consequences for the organization. A second aspect of accu-
racy deals with the degree to which the system must accurately reflect what the
unit should be doing. This means that the products, indicators, and contingencies
must also be correct.

Both completeness and accuracy are dealt with in the development of the
system by having a clear process of approval of the system at higlier levels of
the organization. This approval process is made clear from the start. That is,
at the beginning of the development of the system, all participants are told that
incumbents and supervisors will develop the products and indicators, which will
then be presented to higher management for approval. Once higher management
has approved the products and indicators, the supervisory groups develop the con-
tingencies, which must also be formally approved by higher management. While
this approval mechanism, and the multiple inputs that it provides, does not guar-
antee completeness and accuracy of the system, it provides a system of checks
and balances so that the system will be as complete and accurate as possible.

A final point about the quality of the system is that the development of the
system necessarily introduces subjectivity into the system. Subjectivity is present
in the listing of the products and indicators, and especially in the ratings that are
used in the contingencies. Subjectivity is present, but this is not necessarily a
problem. The elements of the system--products, indicators, and contingencies--
are in actuality statements of policy. As a whole, they say (a) what is impor-
tant to the functioning of the unit, (b) the level of output that is expected (the
zero point), (c) how good other levels of o.jlput are, and (d) the relative impor-
tance of different types of functions for the unit. These determinations repre-
sent policy, and policy is a subjective thing., £ manager’s primary responsibility
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is to set policy, in the sense that he/she must determine the priorities for re-
source allocation within his/her unit. What our system does is to reduce ambi-
guity in policy and priorities by formally discussing them, quantifying them, and
subjecting them to formal review and approval by the management of the organi-
zation.

Priorities

There are two other unique features of the productivity measurement sys-
tem that should be described; the first is the system’s capability to generate unit
priorities.

The system offers a way to develop a clear set of priorities for improving
productivity. Recall from Figure 3 that for a given time period (e.g., a month),
the system presents the actual amount of each indicator achieved for that period,
and the effectiveness levels of those amounts of the indicators. It would be a
simple matter to look at the contingency for each indicator and calculate the
effectiveness gain that would occur if the unit went up one increment on each of
the indicators during the next period. For example, if the unit had a Return Rate
of 6% in March, as is indicated in Figure 3, for them to go to the next level up
(a 4% Return Rate) in April would mean an increase in effectiveness from +60
to +65, for 2 gain in effectiveness of +5 units. This could be calculated for
each indicat~r. Once it was calculated, one could rank order the changes from
highest to Iowest. Such a listing for our example would look like that in Figure
4.

This information communicates exactly what should be changed to maxi-
mize productivity, In the example it says that the best thing the unit can do is to
increase their meeting of repair demand. That is where they should focus their
efforts if they want to best increase their productivity, Once this is done, or if
increasing on this factor is not possible, the next best thing they could do is to -
improve training so that more people are qualified. Improving return rate and
improving quality control inspections are the least important in increasing
productivity, with improving on quality control inspections being slightly more im-
portant than improving return rate.

Thus, the system can generate a set of priorities that unit personnel can use

to guide efforts to increase productivity, This would aid in decisions about re-
source allocation, and where to focus to identify barriers to productivity.
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Figure 4. Priorities for Increasing’ Procductivity.

PRIORITIES FOR: APRIL, 1987

o G -AININ
CHANGE EFFECCTTIVENESS
Percent Demand Met from 90% to 100% +90
Percent Qualified (Training) from 80% to 90% +20

Percent Quality Control Inspections Passed
from 95% to 100% +10

Return Rate from 6% to 4% +5




Aggregation Across Units

A second unique feature of the poductivity measuz rement system is the
ability to aggregate across organizational mnits. It is quiEite valuable to have a
productivity measurement System for a gitn unit, or sever—al units. It would be
even more valuable if one could aggregate he measurement system from the sev-
eral different units into one measure tha indicates the tot=ral productivity across
all the units. For example, if a branch were composed of several separate sec-
tions, it would be valuable to have a mewire for each sesection, and be able to
combine those section measures into a sigle measure for = the entire branch. In
most productivity measurement systems this is not possible=, since the measure-
ments vary from unit to unit. An advantag of our approack=y is that it is possible
to do such across-unit aggregation. Each uit is meastured on a common metric:
overall effectiveness. Since each of the sections is measzzured on this common
metric, it becomes possible to simply adithe overall effe=ctiveness of each of
the sections to get a measure of the overl effactiveness oof the branch, as long
as the scaling of the contingencies is done vith this aggregat=ion in mind.

If one were to simply add the averpil effectiveness s=cores of the differ-
ent sections to determine the productivity o the branch, one - would be essentially
assuming that each section contributes equilly to the effectivareness of the branch,
Although this may indeed be the case, it igmt safe to assymne it. It could easily
be that the work of one unit is more critul than that of = the others, and thus,
this unit’s effectiveness would contribute mre to overal] ef=Tfectiveness than that
of the others. Another likely possibility istat a section wisth 40 people is going
to make more of a contribution to the organiation than a sec-=tion with 5 people.

Dealing with this problem is actudly a fairly stramightforward matter.
When the system is developed for a single section and ajl 1 Bevels of supervision
and management have agreed on the values, ¥e assume that t—he contingencies are
accurate for that unit. That is, because allpersonnel from BEncumbents to senior
managers have agreed on the eéntingenc:isss, ey are accurate - reflections of pol-
icy. Specifically, we assume that the valus for each contimmngency are accurate
relative to the other values for that contingeny, and that all t=he contingencies for
the given section are accurate relative to theother contingenciEdes for that section.
After the contingency set for each unit has iep developed, all® that remains to be
done is to rescale the contingency sets for auuracy across seéw-ctions.

To explain this rescaling across sedins, let us use an example of an
Avionics Branch in a Component Maintenanct Division, Assurame that this branch
1as three sections. One section is the dwtronic communiication maintenance
iection we have been using as the tample; we wiill call this unijt
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Communications. The branch also has two other sections, one doing ma=intenance
on Inertial Navigation, and one maintaining Automatic Flight Control Instru—mnents.

To do the rescaling, we start with the fact the most important indicator
for each section will have an effectiveness value of +100. This is tru:e simply
because, in the development of the contingencies, the most important ind-ficator is
always defined to have an effectiveness value of +#100. Thus, by definit&on, each
of the sections in the same branch will have at least one indicator value of
+100. In doing the actual rescaling, we take the indicator with the —100 ef-
fectiveness score for each section. This can be thought of as the mos=t impor-
tant indicator for each section. With the three sections in this branc=h, there
would be three such indicators {i.e., one for each section).

The top indicators from the three sections would then be shown t—o branch
management, as well as to managers from levels of supervision a=above the
branch. The managers would then be asked as a group to rescale the tEaree lev-
els. To do this, they first rank the three levels in terms of overall cozmtribution
to the branch. That is, they are asked which of the three outcomes ths.ey would
most value for the overall effectiveness of the branch. In the example, they are
given the three levels: 100% repair demand met in Communications, 100% = in Iner-
tial Navigation, and 100% in Automatic Flight Control Instruments. They are then
asked to indicate which of the three outcomes would make the greatest contribu-
tion to the effectiveness of the Avionics Branch. They discuss this andI come to
a consensus. It could be that they believe that since all three types ox=f compo-
nents are crucial for an aircraft to be operationsl, they are all equally i_important.
In contrast, they may feel that the three are not equally important. T —his could
come about for a variety of reasons. For example, one section migkht repair
more items and have a correspondingly larger number of personnel. T_hus, that
section makes a larger contribution to the overall functioning of the bra=anch than
the other sections. Differential importance could also occur because tbEhere is a
sufficient backlog of repaired components in supply for iwo of the sec~-tions, but
not for the third. Thus, repair of the non-backlogged components i8 ncnore cru-
cial for meeting mission requirements than repair of components for whmich there
is already a sufficient backlog.

Assume that in the discussions, unit supervisors and managers deecide that
meeting 100% repair demand in Communications is the most important thing for
the branch, meeting 100% repair demand in Automatic Flight Control Immstruments
is next, and meeting 100% repair demand in Inertial Navigation is next.

Once this ranking is completed, the indicator ranked highesst in ef-

fectiveness is given a value of +100, and manggers are then are aske=d to rate
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the remaining indicators relative to this one. In doing this, they =are told to think
in terms of percentages; that is, they should ask themselves wh=ether the second
most important thing is 95% as important as the most important.., 90%, etc. As-
sume that the second most important maximum js given a value= of 90, and the
third a value of 75. This means that the group is saying that m—meeting 100% re-
pair demand in Automatic Flight Control Instruments is almost as important as
meeting 100% repair demand in Communications, but not quite as= important. In
fact, they are saying that it is 10% less important. Meeting 1005% repair demand
in Inertial Navigation is somewhat less important, and in fact is - only 3/4 as im-
portant as meeting demand in Communications.

Once the relative ratings of the top indicators for the sect=ions are agreed
upon, the next step is to rescale the individual contingencies for e=ach of the sec-
tions. This is done by reducing the effectiveness score of eacEBh level of each
indicator in a given section by the percentage its own maximum in-=dicator was re-
duced in the rescaling. For example, in Automatic Flight Control Instruments the
original +100 maximum was reduced to +90 in the rescaling proce=ss. This rep-
resents a decrease of 10%. In essence, it is saying that to be c—omparable with
the other sections in the branch, the effectiveness of this level eoof the indicator
must be reduced by 10%, since it is not quite as important to the= branch as the
maximum of the Communications section. Since the effectivenesss value of the
maximum was reduced by 10%, in order to retain accuracy it is  necessary that
the effectiveness levels of each of the indicators for that section also be
reduced by 10%. This means that if the original positive values of one of the
indicators for that section were +10, +20, +40, and +75, the va=alues after the
rescaling process would be +9, +18, +36, and +675. This process=s of reduction
by 10% is continued for each contingency in that section.

A similar process is then done for the Inertia] Navigation =section. Here
the maximum was reduced by 25%, from +100 to +75. Thus, eac—h positive ef-
fectiveness score for each contingency in that section must be redueced by 25%.

Finally, the effectiveness values for the Communications =section do not
change. Since the original maximum of +100 was unchanged in t=he process of
rescaling across sections, the effectiveness values for the continge=ncies in Com-
munications are not recalculated.

An analogous rescaling process is then done for the negative- effectiveness
values of the indicators. The most negative level of the indicatorss is listed for

each of the branch’s three sections. These three levels are then ranked as to
which constitutes the poorest level of effectiveness Finally, jus=t as with the
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po==sitive values, the n¢itive valumes of each level of the indicators are each ad-
jus=ted by the percentag that the e=original minimum indicator level was reduced.

This rescaling pocess has= the effect of adjusting the effectiveness scores
of - the different sectins in the Eranch for any differences in importance of the
diZFferent sections. Oue it is fi—nished, the overall effectiveness values from the
diEferent sections arewlculated _ just as before. The only difference is that the
ef—Fectiveness scores fir the diff“erent levels of the indicators have been rescaled
ba=sed on the aggregatinprocess. . The overall effectiveness score from each of
the= sections can now simply be - summed to produce overall effectiveness of the
en=tire branch. For eumple, if - the monthly overall effectiveness for Communi-
ca=tions was +250, for Iiternal “Navigation was +150, and for Automatic Flight
Comntrol Instruments ws +200, —the total branch effectiveness would be +600.
Tkais value can be intepreted jus=t like overall effectiveness for a single section.
If it is 0, the branchoverall i-s meeting expectations, If it is above 0, the
braanch is exceeding ectations =and the higher it is above 0, the greater they are
exmceeding expectations,

This approach taggregati=<on can be extended to larger and larger units of
the= organization, so th, if desir--ed, a single index of the productivity of the en-
tir—e organization can ! develope=d. For example, one could aggregate branches
int—o a division index. Msume th=at in the Component Maintenance Division that we
hawwe been discussing, ere is mmot only an Avionics branch like that described
abeove, but there is alwa second branch called Propulsion. This branch has two
semctions, Jet Epgines wd Test UJnit. Jet Engines repairs and rebuilds engines,
Te=st Unit runs the mpired/reESuilt engines in a test facility to evaluate the
fumnctioning of the engin,

- To aggregate this second ESranch up to the level of the division, the first
ste=ps are to develop th products=, indicators, and contingencies for the two sec-
tomns in the PropulsionBranch. = Once this is done and the system for each sec-
tiesnn is approved up thechain of command, the next step is to aggregate the two
seemctions into the measire for' {tmme Propulsion Branch, and to aggregate the two
bra=anches into a measur for the & omponent Maintenance Division.

To achieve thest two leve_1s of aggregation (section to branch and branch
to division) is Fairly straightfor—ward. In essence, we do the same thing that
weas done for the Aviois BrancEh. Instead of rescaling the three maximums
freom the three sectios in Aviosnics, we rescale the five maximums from the
fivre sections in the CGmponent M™aintenance Division at the same time. Put an-
ottmer way, if one wuts to agzgregate up to the level of the Division, the



aggregatinto t—he branch and to the division is done at the same time, and by the
sSame prowss,

Speifica1ly, we would take the maximum indicator value from the five
sections ad li=st them, just as we did when aggregating the three sections of
Avionics b the branch index. This would result in a list of the five levels of
the indicdhrs ttmat received the +100 effectiveness value. For the three sections
in Aviopis, thi=s would be meeting 100% of repair demand in the three sections
of Commmicatieons, Inertial Navigation, and Automatic F light Control Instruments.
Addeq wtese three would be the indicator levels in the two sections in the
Propulsjo branexch that had received the +100 effectiveness scores. Assume that
for the )t Eng=ines section the indicator ievel with the maximum effectiveness
value (+{) wems having 6 or more jet engines repaired, inspected, and ready for
installatjn. As=sume that for the Test Unit section, the indicator level with the
+100 effuivene=ss score was having 0% engines that had been passed by the sec-
tion retumd as malfunctioning.

Tiee fiv—e maximum indicator values would be ranked and rated just as in
the exawje of -using only the three maximums from the Avionics branch. As-
sume thatle ra-tings came out as follows.

etlion ~ Maximum Rating
Commuicatioems - 100% Repair demand met 100
Jet Enqghes 6 or more engines ready for installation 98
Test Ui 0% engines returned as malfunctioning 95
Auto Fliit Ccontrol 100% Repair demand met 90
Inertigl Navigemation 100% Repair demand met 75

In dher wwords, the indicators from the Propulsion Branch were seen by
the group s slimghtly less important to the functioning of the division than the
most imprant cnaximum from the Avionics Branch, but more important than the
other maiwms from the Avionics Branch. Once these values have been deter-
mined, th¢final step is to recalculate the effectiveness values of the indicators,
as was die in —the previous example. Effectiveness scores for the Communica-
tions secin womsild remain unchanged since the original maximum with its value
of +100 isstill w100 after rescaling. The effectiveness values for the indicators
in the otpn four— sections change. Each positive value in Jet Engines is reduced
2%, 5% ipTest Init, 10% in Auto Flight Control, and 25% in Inertial Navigation.
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As before, an analogous process is done with the indicator values with
negative effectiveness scores. The five negatives are ranked and rated by the
group and then the negative effectiveness scores are rescaled by the percentage
that the maximum for that section was reduced.

Once the rescaling of the indicator values is completed, overall ef-
fectiveness for each section can be calculated as usual, using the rescaled effec-
tiveness scores. Branch overall effectiveness is simply the sum of the section
overall effectiveness scores, and division overall effectiveness is simply the sum
of the two branch overall effectiveness scores. By going through this process of
rescaling, the sections in each branch and the branches in the division are made
comparable to each other. This simple summing of overall effectiveness scores
preserves the relative importance of the different sections and branches.

This same logic of rescaling to make the different units comparable with
each other can be continued to larger and larger units. In theory, it is possible
to use this approach to develop a single index of productivity for the entire Air
Force.

One potential problem that could come up in this rescaling process is that
the shape of the original contingency could change. Recall that rescaling is done
on the positive effectiveness values, then repeated for the negative effectiveness
values. In other words, the rescaled effectiveness values for the best possible

ing the effectiveness values for the worst possible levels of the indicators.

This two step process could have the effect of changing the shape of the
contingency that was originally developed by the unit and its supervision. For ex-
ample, suppose a given section developed a contingency that was linear. That is,
the contingency was a straight line from the worst level of the indicator (with
e.g. a -75 effectiveness value) to the best level of the indicator (with a +75 ef-
fectiveness value). After rescaling, the maximum could stay at +75, while the
minimum was rescaled to -50. This would mean that the rescaled contingency
was no longer linear in shape. It would be steeper from the zero point to +75
than it would be from the zero point to -50.

cator to overall organizational effectiveness, and the new contingency would be
used in calculating effectiveness values for unit feedback reports. The potential
problem is that the unit personnel developed a contingency that has now been
changed by the aggregation process. This could lead to a lack of acceptance of
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the new contingency by unit personnel, Thzass, it is important to explain to unit
personnel from the start what the agiregat® on process will do and how it could
change the contingencies. In addition, if ccontingencies are changed, the reasons
for these changes should be explaineito urzit personpel by the unit supervisors
who were present at the meetings thatdid th-e rescaling.

One final point should be made dbout  this rescaling process to enable ag-
gregation to larger units to be dope. The description of the rescaling process
sounds rather complicated, but its impkment_ation is really quite simple. It only
requires that the appropriate supervisms aned managers be brought together for
one or two meetings to rank and ratelle m=aximums for the sections to be ag-
gregated. While this can be a difficltset of judgments for them to make, it
takes only a short amount of time. Tiis is especially true since at this point in
the process, these personnel have beeniwolve=d in the development of the system
for some time and should be quite fmiliar with the issues. The longest we
would expect such meetings to take wald be  two hours. Once the judgments are
made, it is a simple matter to recalculie the effectiveness scores, Once this is
done, the rescaling is finished.

IV. APPLICATION OFHE SSYSTEM

Although we believed this approati to r=easuring productivity to be concep-
tually sound, it remained to be seen if it wowdd actually be successful in an Air
Force environment. To explore this, afield test of the system was undertaken
as part of an AFHRL-funded effort cuficteed by the authors at an cperational
Air Force base in the Southwestern lited SStates. In the overall productivity
prcject we focused on the interventionsof fee=dback, goal setting, and incentives
as techniques for enhancing organizatjoul preductivity,  The productivity mea-
surement system described here served i the basis for the feedback, goal set-
ting, and incentives, and was the criterin by ~which the three interventions were
evaluated. The interventions and their nsults=  are presented in another AFHRL
Technical Paper (Pritchard, Jones, Roth Stuet>ing, & Ekeberg, 1987). Here we
are focusing on the productivity measurennt sm7stem itself,

The organizational units involved i the Eield test consisted of one mainte-
nance section and four sections in resqie m-anagement. The maintenance unit
was the Communications and Navigation sectican (Comm/Nav) in the Component
Repair Squadron. The four sections i Resamurce Management, which together
comprised the Materiel Storage and Distibuticon Branch (MS&D) of the Supply
Squadron, were Receiving, Storage api ssue, Pickup and Delivery, and Ip-
spection.

“Thggregation techniques which preserve the fnctiownal form of the original contingencies
are theoretically possibie but have not been fully explesred as part of this effort, Additienal
work on this topic is planned at AFHRL.
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The Comm/Nav section was similar to the example of the electronics
maintenance unit used above in describing the development of the system. Its
function was to repair a variety of electronic equipment used for aircraft com-
munication and navigation. The MS&D branch was essentially the base ware-
house. Property was delivered to the warehouse and checked in by the Receiving
section; Storage and Issue shelved the property and retrieved it as it was ordered
by units on the base; the Delivery section had the responsibility for delivering the
property to units on base that had ordered it; and Inspection’s responsibility was
to make sure the property was in good condition, and ensure that regulations
were being followed concerning packaging, storage, and identification of property.

System Development

Once the five units for study were selected, the first step in the develop-
ment of the system was to. meet with supervision and management of the units
and explain the purpose of the project and what the research team would be do-
ing. The development of the productivity measurement system was also ex-
plained, and questions were answered. After this, meetings were held jointly
with incumbents and supervisors to actually develop the system. Most of the
system development was done through group meetings. These meetings were held

to nine months.

Once the missions of the units were examined, the first step was to iden-
tify the products of each of the units. This task proved to be a fairly time-
consuming one. There was considerable debate on exactly what the important
products of the units were. We continued these meetings on products until con-
sensus was reached.

The same process was used in the identification of the indicators. The
meetings were held over a considerable period of time since there was a great
deal of discussion and initial disagreement as to what indicators would be appro-
priate. During this process, it became clear that examining the actual data from
various proposed indicators would be of value. This process was very instruc-
tive to the unit personnel. They realized that some existing measures were in
fact measuring quite different things than they had thought, and they found mea-
sures that they did not know were available. It also became clear that a number
of new measures would have to be collected to get a set of indicators that would
adequately represent all the important functions of the unit. As with the devel-
opment of the products, the meetings were held approximately every two weeks
over.a period of three to six months.
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One issue that surfaced with the MS&D branch involved an indicator that
was a very important one but could not be directly attributed to a single section.
The indicator involved the number of "delinquent documents,” warehouse property
documents that, due to some error, were lost in the system. When this occurs,
these documents must be searched out and the problem rectified. The problem
with an individual document could be caused by any of the sections in the ware-
house; this complicated the determination of which section should be responsible,
At the same time, delinquent documents were very important to the operation of
the warehouse, and needed to be included in the system.

The resolution of the issue was to have an indicator for the number of
delinquent documents, but make it an indicator that applied only to branch produc-
tivity. This meant that the effectiveness score for the branch would be influ-
enced by how well or how poorly the four sections did on this indicator; how-
ever, the effectiveness of the individual sections would not be affected. This
approach proved successful, in that the number of delinquent documents was re-
duced substantially, and no individua! section felt that it was being held account-
able for another section’s errors.

Once the products and indicators had been finalized by group consensus,
the next step was to get approval of the products and indicators from higher-
level management. This approval was obtained using the entire chain of com-
mand from the units up to and including the Deputy Commander for Maintenance
for Comm/Nav, and the Deputy Commander for Resource Management for MS&D.
These personnel were ‘again briefed on the project, and given written versions of
the proposed products and indicators. They were given time to study these doc-
uments, after which a meeting was scheduled for formal review. In this meet-
ing, the products and indicators were presented, discussed in d..ail, and, after
some revisions, approved.

The next step was the development of the contingencies for each indicator.
Meetings were held with ir -:mbents and supervisors of each unit. First, the
maximum and minimum ind' " tor levels were established; then, the zero points
were generated. These de. -ions also took considerable time, resulted in con-
siderable initial disagreement, and were arrived at over several meetings. Once
consensus was established, the effectiveness scaling of the indicator values
within each unit was started.

This scaling was started by listing the maximum possible value for each
>f the indicators for their unit. The group was then asked to rank order these
naximums in terms of contribution to the overall effectiveness of the unit. The
rroup finally reached consensus. The maximum value assigned the highest
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ranking was then given an effectiveness value of +100, and the group was then
asked to rate the effectiveness values of the other maximums relative to this.
They were told to rate the other maximums as percentages of the +100 maxi-
mum. For example, if the maximum of a given indicator was only half as im-
portant to the effectiveness of the unit as the most important maximum, they
were told to give it a value of +50. This process was also done as a group by
unit supervisors and incumbents, and continued until consensus was reached. An
analogous process was done for the minimum values of each indicator, except
that the least effective minimum was not constrained to a value of =100, but was
given the value that the group felt was appropriate.

Appregation Acrcss Sections

Once the contingencies were developed in each section of MS&D, the scal-
ing required to aggregate across the four. sections to the branch level needed to
be done. As described above, this involved first identifying the indicator value
scaled as +100 in effectiveness in each section; i.e., the maximum indicator value
for the most important or top indicator for each section. These are listed be-
low.

Receiving: Get Priority 2 property (the highest pri-
ority property other than extremely rare
emergency aircraft parts) to Pickup and
Delivery in an average of 10 minutes.

Storage and Issue: Get Priority 2 property to Pickup and
Delivery in an average of 10 minutes.

Pickup and Delivery: Get Priority 2 property to customers on
base in an average of 15 minutes.

Inspection: Have 100% of the aircraft parts inspected
by 4:00 PM each day.

These four indicator values were next ranked by supe:vision and manage-
ment as to their importance to the overall functioning of the branch. The first
The three number one ranks were then given an effectiveness value of +100; that
is, their effectiveness values remained unchanged. The supervisors were next
asked to rate the last indicator value. They felt its importance in terms of ef-
fectiveness was very close to the first three, and gave it a value of +98.
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The positive effectiveness scores for each contingency were then reduced
by the amount the original maximum had been reduced in the rescaling. Since the
maximum for Inspection had been reduced from +100 to +98, each positive value
of each contingency for this section was reduced by 2% of its originally scaled
value. For example, an original scaling of +50 would be rescaled to +49. Be-
cause the positive effectiveness values remained unchanged for the other sections,
the contingencies for these sections could be used intact.

By this process, the four sections were scaled so that effectiveness values
could be directly compared across sections. In addition, it was now possible to
sum the overall effectiveness of the four sections to get an overall effectiveness
for the branch that reflected relative importance of the four sections. The
rescaling in this case led tc a very minor adjustment in what would have been
the branch sums had the rescaling not been done. However, this says only that
in this particular branch, the section maximums were regarded as very similar in
their contribution to branch productivity, This will not always be the case, and
the rescaling could result in major changes in values for the other units.

Management Approval Of System

Once consensus was reached on the contingencies, approval was obtained
from higher management, using the same process as described above for the
products and indicators. Many questions were raised by higher management to
unit supervision in the meetings on contingencies, as well as in the meetings on
products ard indicators. Higher management asked for clarification of 1nany
points and wanted to hear the units’ defense of their system. While the majority
of the products, indicaters, and contingencies were left as originally developed by
the units, there were some changes made as a result of the approval meetings.
The process was a positive one, The resulting discussion clarified the position
of higher management to the units’ supervisors, and the positions of the supervi-
sors were made clearer to higher management. In all cases, the resulting
changes represented compromises that seemed to satisfy both groups.

An example of a completed system of products and indicators is presented
n Figure 5. This system is the one that was developed for the Comm/Nav
naintenance unit. It served as the basis for the example used earlier in this pa-
)er; however, as can be seen, the actual system is more complex than the sim-
lified example. The final system had 3 products and a total of 13 indicators.
(he products were Equipment Repair, which includes both quality and quantity
1easures; Training; and Other Duties, which includes several miscellaneous ac-
lvities of varying importance. Figures 6 and 7 present examples of actual con-
ngencies that were developed for the Comm/Nav unit. Figure 6 shows the
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Figure 5. Comm/Nav Products and Indicators.

Product 1. Equipment Repair

Bounces: Percentage of repaired equipment that did not function
immediately after installation.

Percent QA (Quality Assurance) inspections passed.

AWM: Number of units awaiting maintenance.

AWP: Number of units awaiting parts.

Demand Met: Percentage of equipment brought in for repairs that

was actually repaired.

Product 2. Training

STS Tasks Completed: Mean number of standard (more basic)
training tasks completed for personnel in training.

Percent Qual Tasks Completed, Comm: Mean percent of advanced
training tasks completed for personnel repairing
communications equipment.

Percent Qual Tasks Completed, Nav: Mean percent of advanced

training tasks completed for personnel repairing navigation
equipment.

Scheduled Training Tasks Overdue: Total number non-technical

‘e.g. military) training requirements not met on time for all
shop personnel.

Product 3. Other Duties

Mobility Equipment: Number of pieces of equipment used for
mobility exercises that were not calibrated by the shop on
schedule.

PMEL Overdue: Number of pieces of shop calibration and test
equipment that were not calibrated by the shop on schedule.

Percent 349 Errors: Percent of errors on a major manpower
documentation form.

Missed Appointments: Number of formal on-base appointments
missed.
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contingency for "Bounces" (i.e., the percentage of equipment where the repair
needed to be reaccomplished). This is an indicator for Equipment Repair. It is
a very important one, as shown by its range in effectiveness from 493 to -99.
Figure 7 shows the contingency for Mobility Equipment Overdue Calibration.
This activity is less important than Bounces, as shown by its more shallow
slope, with its range from +25 to -50. The complete set of contingencies for all
five of the units are presented in Appendix A.

Feedback

The final step was to put the system together to produce productivity
feedback for each of the units. In doing this, we developed examples of what
the basic system would look like and asked for management’s thoughts on how
best to present the material for maximum clarity. We also proposed some other
information that they might find useful, and asked them for their suggestions on
things to be included. This was discussed, and after several revisions, a final
version of the productivity feedback report was developed. An example of the
monthly report for the Comm/Nav shop is presented in Figure 8. Samples of the
feedback reports for the four sections of MS&D are presented in Appendix B.

The first page of the report provides the basic productivity data. It
shows the products and indicators, the indicator data for that month, and the ef-
fectiveness score associated with that level of each indicator. The lower portion
of the page shows the total effectiveness for each of the products and finally the
overall effectiveness for the shop. The second page of the report adds infor-
mation to the basic data. The top half of the report shows the change in pro-
ductivity from the previous month to the current month, The indicator data and
effectiveness scores for both the previous month and the current month are
shown, as are the changes in effectiveness from last month to the current month.
This part of the report was requested by shop personnel to aid them in di-
agnosing areas where they were increasing or decreasing in productivity,

The bottom half of the page is the information on priorities for increasing
productivity.  For each indicator there is a column labeled FROM, TO, and
GAIN. The FROM column is the amount of the indicator for the current month,
The TO column is the amount of the indicator that represents an increase of one
unit on the contingency and the GAIN column indicates the gain in effectiveness
that would be achieved by such an increase. For example, for Demand Met, if
the shop went from their March level of 91.7% to 95.Z% in April, effectiveness
would increase by 37 points. Examination of the GAIN c¢olumn indicates that for
the next month, the shop would increase their productivity most effectively by fo-
cusing on Quality Assurance Inspections, and the number of units Awaiting Parts
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Figure 8. Sample Feedback Report.

PRODUCTIVITY REPORT
COMM/NAV SHOP

CRS MAINTENANCE

INDICATOR AND EFFECTIVENESS DATA FOR MARCH 1986

INDICATOR EFFECTIVENESS

INDICATOR DATA SCORE
EQUIPMENT REPAIR :
BOUNCES 31 76
% QA INSPECTIONS PASSED 90.9 30
AWM 135 80
AWP 396 29
DEMAND MET 91.7 63
TRAINING
STS TASKS COMPLETED 8 35
% QUAL TASKS COMPLETED: COM 69.5 72
% QUAL TASKS COMPLETED: NAV 56.8 68
SCHED TRAINING TASKS OVERDUE 0 10

OTHER DUTIES

MOBILITY EQUIPMENT OVERDUE 0 25
PMEL OVERDUE 0 25
% 349 ERRORS 1 40
MISSED APPOINTMENTS 0 10
EFFECTIVENESS
TOTALS SCORE
EQUIPMENT REPAIR 278
TRAINING 185
OTHER DUTIES 100

OVERALL EFFECTIVENESS 563
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Figure 8. (Concluded)

EFFECTIVENESS CHANGE FROM FEBRUARY TO MARCH

INDICATOR
DATA: EFF.
FEBRUARY SCORE

BOUNCES 28 81
% QA INSPECTIONS 917 34
AWM 1558 72
AWP 406 27
DEMAND MET 915 59

STS TASKS COMPLETED 9 52
%QUAL TASKS-COMM 68.6 72
%QUAL TASKS-NAV 595 71
SCHEDULED TRAINING '
TASKS OVERDUE 0 10

MOBILITY EQUIPMENT

OVERDUE 0 25
PMEL OVERDUE 0 25
% 349 ERRORS 2 27
MISSED APPOINTMENTS 0 10

CHANGE TOTALS

INDICATOR

DATA:

MARCH

31
90.9
135
39.6
91.7

8
69.5
56.8

0

o~oco

EQUIPMENT REPAIR
TRAINING

OTHER DUTIES
OVERALL EFFECTIVENESS

25
25
40
10

5
-20
13
-2

POTENTIAL EFFECTIVENESS GAINS FOR NEXT MONTH

FROM

BOUNCES 31
QA INSPECTIONS 90.9
AWM 135
AWP 39.6
DEMAND MET 91.7

STS TASKS COMPLETED 8
%QUAL TASKS COMP: COMM 69.5
%QUAL TASKS COMP: NAV 568
SCHED TRNING TSKS OVERDUE  (

MOBILITY EQ OVERDUE
PMEL OVERDUE

349 ERRORS

MISSED APPOINTMENTS

(=

o~OoO

41

TO

GAIN

17
45
15
48
37

17



(AWP). These show potential gains in effectiveness of 45 and 48 respectively.
It would not be useful to devote attention to training in Comm Qualification
Tasks, trying to further decrease Overdue Scheduled Training Tasks, or any of
the cher mdmatcrs that have a gain value cf zero or nesr zero. T’his infcrrna—
The umt shculd fm:us on ﬂmse areas where ﬂlE maximum gain in Effectlveness
could be produced. ’

The calculation of the GAIN amount is based on the amount of increase in
effectiveness that would occur with an increase of "one unit" of the indicator.
The size of a one unit increase was determined from the indicator values used
in the contingencies. If the indicator values in a contingency were 2%, 4%, 6%,
8%, etc. the size of a one umt mcrease far that indicaﬁ:r was 2% If the indi—
' The r;—nntmgenmes were cngmally develcped S0 that the number of mcrements fc;ar
the cifferent contingencies was as equal as possible so that a "one unit" incre-
ment was roughly comparable across the different contingencies. Once the size
of the "one unit" increase was determined for each contingency, the TO figure
was calculated by adding the one unit increase to the actual value of the indicator
for the preceding month. If the last month’s indicator level was 83.6 and the
size of one unit was 10, the FROM value would be 83.6, the TO value would be
93.6, and the GAIN value would be determined by what the contingency indicated
as the gain in effectiveness if the unit went from 83.6 to 93.6 on that indicator.

There was one special circumstance that had to be dealt with using this
approach. It was possible for the TO value to be higher than the maximum
value of the indicator. This occurred when the unit was already high on that in-
dicator and increasing "one unit" would put them over the maximum. It also oc-
curred occasionally if the unit was already over the maximum on that indicator.
This was dealt with by using the maximum possible effectiveness value for the
indicator as the upper limit in effectiveness. In other words, if the effective-
ness value for being at the maximum of the indicator was +75, this was the
maximum effectiveness score that could be gained from that indicator. If the
unit was near the maximum already with, for example, a past month’s indicator
level which yielded an effectiveness score of +73, the most they could improve
would be to the value of the ceiling, +75, for a maximum gain of only +2.

cept that the repart fc:r eac:h c:f ﬂiE fc:ur sectmns mcluded mfgrmatmn on hnw
the entire branch did for the month, including indicator and effectiveness data on
the branch-level indicator discussed previously. In addition, the MS&D report
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added a feature that allowed for a direct comparison of the four units to each
other.

One feature of the system is that it allows one to directly compare the
productivity of very different units. This feature was very important to the su-
pervisors and managers of the MS&D branch’ since it allowed them to compare
the four sections of the branch. In order to make this comparison, we first
determined the maximum possible overall effectiveness for each section. This
was done by determining the effectiveness value for the maximum possible value
of each indicator, and summing these effectiveness values. The resultant score
represented the effectiveness value that would occur if the unit was doing as
well as it was possible to do on every aspect of their work; in other words,
their maximum possible effectiveness. Recall that these maximums were devel-
oped by consensus among the supervisors of the units, and discussed and approved
by management. Thus, they should represent realistic maximums, and the effec-
tiveness scores represent the value of the maximum contribution each of the units
could make to the organization.

Once the maximum possible effectiveness was calculated, the actual
monthly overall effectiveness score for each section was expressed as a percent-
age of maximum possible effectiveness. This percentage of maximum effective-
ness was the measure by which each unit was compared to the other. These
data were included in the monthly feedback report for each section of MS&D.

for the 15 months of formal intervention by the research team. It was pre-
sented within three workdays after the end of the month, and a copy was given
to each individual in the chain of command, from the section supervisors to the
Deputy Commander. A copy was also posted in the working area of each section
so that incumbents could review it. In addition, graphs were posted in the work
area and updated each month: one for overall effectiveness, and one for each
indicator. These graphs allowed unit personnel to see changes in effectiveness
over time. As one might imagine, both the feedback report and the graphs gen-
erated considerable interest when they were posted each month.

Once the feedback reports were circulated, a meeting was held with sec-
tion supervisors and a representative from upper management to review the feed-
back report for the month. Areas of improvement were noted, and areas of de-
crease discussed. Reasons for the improvements or decreases were considered,
and any longer-range trends were noted. This meeting also served as a basis
for planning priorities for the next month, and for making changes to improve
productivity.
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This feedback of the information from the productivity measurement sys-
tem was provided for five months in each of the five units. After this period,

goal setting was added to the feedback. After five months of feedback plus goal
setting, incentives were added in the form of time off for superior productivity.

et al., 1987).
Results

The results of this application of the productivity measurement system are
presented in three sections: (1) results during development of the system, (2)

1.

One of the most interesting results that occurred during the development
of the system was the change in the attitudes of the unit personnel. When we
first started working with them, their attitudes toward the project were mixed.
Although some unit personnel were positive, others were more skeptical. By the
time system development was completed, however, almost all unit personnel had
positive attitudes toward the effort. They were solidly behind the system, felt
positive toward the researchers, and were quite disappointed when the start of
feedback had to be delayed so that enough time had passed to establish a base-
line. ‘

Development of the system also resulted in a conscious examination of unit
objectives, the development of possible measures of these objectives, and an eval-
uation of productivity expectations and limits. This process led unit supervisors
to see numerocus places where improvements could be made in the operation of
the units. Naturally enough, they began to implement these changes. This cre-
ated a real dilemma for the researchers. Although it was certainly worthwhile

system, this improvement was occurring prior to the establishment of our base-
line. If because of this, the baseline period showed higher effectiveness than it
would have otherwise, this would decrease the size of any effect due to the pro-
ductivity feedback. There was little the researchers could do about this
dilemma. The units felt strongly that such changes should be made, and made
thetn. They felt these changes were increasing their effectiveness, and this in-
deed seeined to be the case, based on what little data were available at the time.
Interviews with supervisors indicated they believed that a substantial portion of
this - improvement was due to the process of developing the productivity
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measurement system. This suggests that the improvements in productivity that
were evidenced in the interventions were, in fact, underestimates of the overall
impact of the development and introduction of the feedback from the productivity
measurement system.

Another issue concerning the development of the system had to do with the
difficulty of the task for the personnel involved. We had expected the greatest
difficulty to be in the development of the contingencies. We were quite mis-
taken. The development of the indicators was the most difficult.

One problem with the development of the indicators was that unit person-
nel tended to be very accepting of existing measures. This was not surprising,
since they had not been trained to critically evaluate possible measures and were
somewhat resistant to change, For example, one measure considered by
Comm/Nav later turned out to contain elements due to supply and flightline
maintenance. Only about 10% of the variance in the indicator was due to factors
under the control of Comm/Nav. They had been using this as an indicator of
Comm/Nav effectiveness, but when its actual content was identified, they dropped
it as a measure.

Another problem in developing indicators was that unit personnel did not
always see the implications of certain measures. For example, the Receiving
section of MS&D must input information about each piece of incoming property
into the computer. If a mistake is made in this process, a ''reject" is later
printed out by the computer. Unit personnel must then identify the cause of each
of these rejects and correct the data. The indicator that was first proposed was
the percent of rejects that were cleared from the reject list each day. At first,
this seemed to be a quite reasonable index. However, after studying these lists,
it became clear that some rejects were quite easy to clear, whereas others were
extremely difficult. Thus, if percent cleared was used, the better the unit did on
clearing rejects, the more they would be dealing with only the most difficult and
time-consuming rejects. In the long run, this would automatically lead to a
poorer percent cleared, and thus be a poor indicator.

In contrast, the development of the contingencies went very smoothly. As
mentioned above, we had expected contingency generation to be quite difficult for
the personnel involved. Contingencies are conceptually complex, and we felt the
effectiveness scaling would be an especially difficult task for them to do. What
in fact happened was that after the contingencies were explained, unit personnel
aad little difficulty in developing them. They seemed to grasp very quickly what
contingencies were and how they would be useful. They told us that contingen-
cies captured the way they thought about what they did, and in a more clear and




comprehensive way than they had ever done before. They also said that the con-
ence for discussions of policy. Personnel became very involved in contingency
development, and frequently made revisions in the developing contingencies be-
tween our visits to the base.

Reliability and validity were also assessed during the development of the
system. Reliability was assessed by interjudge agreement on the contingencies.
The Comm/Nav shop had two shifts in operation. Personnel from both shifts

were involved with the development of products and indicators. To assess the
reliability of the contingencies, we developed two independent sets of contingen-

cies, one set with each shift. This produced two effectiveness scores for each

shift. Correlations were calculated between the two sets of values for each
contingency. For example, if a given contingency had eight levels of the indica-
tor, there would be eight effectiveness scores developed by the day shift and an
independent set of eight effectiveness scores developed by the night shift. The
two sets of eight scores were then correlated, producing one correlation for each
contingency. These correlations ranged from a low of .86 to a high of .99, with
an average of .95. Thus, the reliability of the contingencies as measured by in-
terjudge agreement was quite high.

The validity of the system was evaluated using five different productivity
scenarios of hypothetical indicator data developed for Comm/Nav. This was done
by selecting a reasonable value for each indicator in such a way that the differ-
ent scenarios varied as to their overall effectiveness. Although the overall ef-
fectiveness of each of the five scenarios varied, the differences were not so
large as to be completely obvious. Also, the changes in indicator values varied,
but not always in the same direction. That is, although the overall effectiveness
may have increased for a given scenario, some indicator values went down, while
cothers went up. Six Comm/Nav supervisors were then given the indicator data
on the five scenarios and asked to rank the scenarios as to their overall effec-
tiveness. If the system is accurately reflecting relative importance, having su-
pervisors rate the scenarios without knowing the scenario overall effectiveness
scores should produce ratings which are highly correlated with overall effective-
ness as calculated by the system.

These ratings were dcne approximately two months after the development
of the system had been completed, but before any productivity feedback had
started. Results showed a correlation of 1.0 between each supervisor’s rankings

and the overall effectiveness score calculated by the system. This constitutes
additional evidence for the validity of the system.
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Once the system was developed and a baseline established, the system was
used to generate feedback. Next, goal setting was added to feedback, and fi-
nally, incentives were added. The overall effects across the five units are
shown in Figure 9. As the figure indicates, overall effectiveness increased sub-
stantially over the baseline. The average increase over baseline was 50% for
feedback, 75% for goal setting, and 76% for incentives. Figure 10 presents sim-
ilar data for Comm/Nav alone. The data show average increases of 30% for
feedback, 65% for goal setting, and 68% for incentives. Figure 11 presents the
data for MS&D alone. Average percent increases were 54%, 77%, and 79%.

These data indicate a major increase in productivity. The effects were
extremely large. In addition, the MS&D effects were consistent across sections.
Each of the four sections showed a consistent pattern of increase for feedback,
and even greater increases for goal setting and incentives. It would be worth-
while to present a sample of these changes in terms of indicator data to give a
sense of their magnitude, The most important indicator for Comm/Nav, percent
of repair demand met, had a mean of 88.5 during baseline. This mean became
90.5 during feedback, 93.9 during goal setting, and 92.6 during incentives. The
most important indicators for MS&D were times to process Priority 2 property.
The mean time to move a piece of property was 92.6 minutes during baseline.
This figure was cut to 25.3 minutes during feedback, and to 19.6 and 19.8 min-
utes for goal setting and incentives, respectively.

These results were then examined in light of the level of manpower in the
five experimental units during the period to determine if the changes in produc-
tivity that occurred during the treatments could possibly be due to changes in unit
manpower. For Comm/Nav, the data examined were the total number of person-
nel in the shop each month. Our analysis indicated that mean number of per-
sonnel - during baseline was 30.9. This figure increased slightly during feedback
to 33.0, was 32.8 during goal setting, and dropped back to 31.0 during incentives.
Since manpower levels during the period of highest gain in productivity were es-
sentially equal to the level during baseline, we concluded that the increases in
sroductivity were not caused by increased manpower. In MS&D, the data re-
riewed were - total number of personnel, and the number of hours of overtime
ogged per month. Unlike Comm/Nav, MS&D routinely had considerable overtime.
T'he mean level of manpower for MS&D was 51.8 for baseline, 53.7 for feed-
rack, 48.4 for goal setting, and 49.2 for incentives. Thus, overall manpower de-
'reased over the period of the treatments. In addition, number of hours of
wertime decreased from a mean of 1,348 hours during baseline to 892 during
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FIG. 9 PRODUCTIVITY
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FIG.10 COMM/NAV PRODUCTIVITY |
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feedback, 404 during goal setting, and 416 during incentives. Thus, by the end of
the treatments, overtime was less than one-third of what it was during baseline.
These data indicate that the productivity gains that occurred were made with no
increase in manpower in Comm/Nav, and a decrease in manpower in MS&D.

Results were also examined in light of productivity data from several sec-
tions similar to the experimental sections. These sections then, in essence,
served as a control group, since they had no intervention from the research team.
Control data for Comm/Nav consisted of 10 measures of productivity from eight
maintenance units in the Component Repair Squadron. The data were collected
from baseline and put into a composite measure to express overall productivity of
the control groups. This composite measure was the sum of the ten measures.
The mean value across the 10 measures during baseline was 317; it dropped to
295 during feedback, and rose to 377 and 365 during goal setting and incentives,
respectively.

These results show that the productivity of the control sections decreased
somewhat during the Comm/Nav feedback period, and increased thereafter. This
would suggest that the productivity increase during feedback in Comm’Nav was
not due to wider organizational changes since other squadron units actually de-
creased during this period. Furthermore, the increases during the Comm/Nav
goal setting and incentives periods were not present across all units. These in-
Creases were brought about primarily by large increases in productivity on two
of the ten control measures. :

Productivity data on four control measures were examined for MS&D.
These measures reflected overall functioning of the Supply Squadron (exclusive
of MS&D), and one other ‘unit outside of Supply. The mean of these four mea-
sures during baseline was 516; it was 512 for feedback, 511 for goal setting,
and 518 for incentives. Thus, there were essentially no changes in productivity
for the sections outside of MS&D. '

Taken together, the control data indicate that the effects on productivity
that occurred in the experimental units cannot be explained by wider organiza-
tional changes in productivity,

'Data were also collected on subjective reactions to the system. All incum-
bents and supervisors (N=97) were administered a survey after several months
of experience with the feedback system. They were asked to rate different as-
pects of the feedback system using 5-point Likert scales with response formats
ranging from Strongly Agree to Strongly Disagree. Responses to survey items
- were uniformly . positive. Table 1 presents the items and the percentage of
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Table 1. Subjective Evaluation of the System

PERCENT . PERCENT
AGREE OR DISAGREE OR
STRONGLY STRONGLY

ITEM AGREE DISAGREE

1. The feedback system tells me how )
good a job I am doing. 64 4
2. The feedback system tells me how B
good a job the section is doing. 87 1
3. The feedback system helps me see
the section’s priorities. 77 6
4, The feedback system helps the , )
section be more productive. 61 4
5. A system like this would help other
Air Force bases be more productive. 62 4
6. The feedback system is clear and B -
understandable. 58 7
7. It was worth the effort to develop ) ,
the feedback system. 64 10
8. It was worth the effort to keep the ) )
feedback system in operation. 62 10
9. The information about section
performance that goes into the feedback )
‘system is accurate. 52 13
10. The feedback system gives a good ,
measure of productivity. 64 13
11. Overall, I like the feedback system. 62 9
i2. I would prefer not to have this
feedback system at the next organization i ,
I work in. 13 54
13. The feedback system is a better
way of measuring productivity than what , )
the section used to have. 75 0

MEANS = 64.7 7.2
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respondents who agreed or strongly agreed and the percentage who disagreed or
strongly disagreed. After reverse scoring the negatively worded item (#12), the
mean percentage of respondents across all items who Strongly Agreed or Agreed
was 64.7%, while the corresponding percentage who Disagreed or Strengly Dis-
agreed was 7.2%. Clearly the response to the system by those who used it was
very positive.

3. Effects after the de arture of the research team.

To further evaluate the system, we also looked at what happened to the
system after the departure of the researchers. Once the 5-month incentive
- lreatment was over, our on-base responsibilities officially ended. While we
were on base for a variety of purposes after this time, the units had no com-
mitments to continue the system. However, a significant indication of the sys-
tem’s value is that each of the five units elected to continue the system after the
researchers left. This meant that they had to commit their own resources to
put together the indicator data and run the programs producing the feedback re-
ports. In addition, we were asked by both Comm/Nav and MS&D management to
develop the system in other units in their respective squadrons. Althouth we did
not have the resources to do so, it did indicate the value that the units placed on
the system.

At the end of the formal incentives treatment, units were asked if they
wished to modify the system. If they did want to, we agreed to assist if it be-
came necessary. Comm/Nav and two sections of MS&D elected to make changes.
In all three cases, the changes were to eliminate some indicators from the sys-
tem. The indicators that were removed were those with very flat contingencies
(indicating they were not very important), those pertaining to activities that the
unit was no longer going to perform, or those that appeared to be under such
good control that they were no longer important to measure,

A major strength of the system is that it can accommodate changes read-
ily. As changes occur in policies, procedures, or resources, changes will need to
be made in the system. This can be done by eliminating indicators, redefining
them, or altering the scaling of contingencies. Thus, the system can easily be
altered to changing conditions. However, it must be understood that after such
changes are made, the new effectiveness scores are no longer comparable to the
old scores. For example, if indicators are dropped, the same actual productivity
will show up as lower overall effectiveness since some effectiveness points are
lost to the deleted indicators. This makes the interpretation of effects over
time difficult until a new "baseline” is established, A new baseline is estab-
-lished by taking the newly revised system of indicators and contingencies and
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becomes ‘Lhe new b,aselmei and the effecuveness scores after the revision are
completely interpretable. If indicators are added, it is a matter of recalculating
what the overall effectiveness for prior months would have been had these indi-
cators been included. This is a simple matter, provided historical data are
available.

One feature of the system that needed to be explored was whether the
units would be able to use the system after the researchers left. As part of
that process, the units needed to be able to make changes in the system, since
the need for changes would undoubtedly occur in the future. Thus, we were
particularly interested in their ability to do this. In making these changes, it be-
came clear that the management of the units understood the system fairly well,
and with help from the research team were able to make the changes. With this
help, they were able to eliminate the indicators they wished, adjust the calcula-
tions of effectiveness to take the removal of the indicators into account, and re-
calculate past effectiveness to establish a new baseline. Our assessment is that
Comm/Nav could now make such changes completely on their own, and MS&D
could with minimal help.

Before we left the base, the units wanted us to train them to use the
system, so that they could continue using it after we left. This proved to be a
fairly simple task in Comm/Nav. By the end of the incentives treatment, they
had already taken over the collection of all the data that went into the system.
They had only to be trained on using the microcomputer programs that were used
to calculate effectiveness scores and generate the feedback reports, This was
done readily, and other than an occasional question, they have been operating the
system completely on their own for several months.

The training in MS&D was more involved. Although their intent to take
over the system had been frequently expressed for some time, the actual com-
mitment Qf perscnmel was not made until the end af the irxcentive treatment

been thlmal In a::ldltmn, the task nf preparmg ﬂ1e feedback reports in MS&D
was more difficult than in Comm/Nav. The MS&D reports required the entering
of data showing the amount of time it has taken to move property in the ware-
house. Someone must take several hours each month to enter these data and run

the program that calculates the mean times for the indicator data. During the
mterventmns, this was done by the research team. After our departure, it had to
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be done by MS&D personnel. Thus, they had to learn how to enter these data
and run the program, and also learn how to generate the feedback reports. Be-
cause of these factors, it took longer to train MS&D to take over the system,
but they did eventually learn to do so successfully,

A final consideration here is what happened to productivity after the units
took over the system themselves. The results are shown in Figure 12. This
figure not only indicates the effects after the units took over system operation,
but also demonstrates the capability of the system to generate a new baseline
when changes in the system are made. Since both Comm/Nav. and some sections
of MS&D had deleted indicators from the system, we had only to recalculate the
overall effectiveness scores back in time in order to develop a baseline or com-
parison. In this case, all changes in the system were made the month following
the incentive treatments, when our involvement in the interventions ended. To
develop a baseline, we recalculated the overall effectiveness data for the five
months of incentive treatment. This adjusted score is the overall effectiveness
score that the units would have had during the incentive treatments if they had
been under the revised system.

Based on the revised system, the mean overall effectiveness score under
incentives for Comm/Nav was 519, and the mean after they took over the system
was 556. For MS&D, the mean under incentives was 1857, and the mean after
they took over was 1792. For both units combined, the respective means were
2376 and 2348 during and after incentives, respectively, Thus, the data indicate
that productivity remained approximately as high after base personnel had respon-
sibility for the system as it had been when the system was operated by the re-
search team.

V. DI—SGUSSIQH
It seems clear that the productivity measurement system and the resulting
feedback system were extremely successful. We believe this success can be

attributed to the following factors: structure of the system, motivational value,
organizational accountability, and feedback.

Of The System

Structure_

One of the strengths of the system is that it allows productivity to be ex-
pressed as a single index. Such an index is useful to management, supervision,
and incumbents since it presents information in a highly convenient form. One
group of supervisors told us that even if all the data on the indicators had been
previously available, these data would be in different places and hard to put
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together, and it would have been impos:ihle to derive an overall sense of how the
unit was doing. This system combines all the data in an easy-to-understand
manner,

The single index also has other advantages. It can be used as a basis for
the implementation of interventions. For example, one of the problems with goal
setting programs is in their application to complex jobs.  The dilemma is
whether to have goals set in all the important areas of the job and thereby have

a8 very complex and hard-to-understand goal program, or have goals set in only
One or two important areas and run the risk of having the other important activ-
ities somewhat ignored (Duerr, 1974). With a single index of productivity, the
problem is solved because it includes all the important functions; only the overall
index need be used in setting goals. The single overall index makes many other
interventions, such as incentives and gainsharing, much easier to implement as
well.

Another advantage of the single index is that it facilitates tracking produc-
tivity over time. In addition to the obvious motivational implications of this fea-
ture, it also allows the unit and its management to evaluate the effects of any
intervention on the unit, Interventions could range from a change in management,
in workflow, or in the type of cquipment used, to interventions such as goal set-
ting or incentives,

A productivity measurement system should also have subindices of produc-
tivity to provide information on the components of overall productivity, This in-
formation has value both as positive feedback and as information for productivity
improvement.

Another important aspect of the system was that acceptance by unit per-
sonnel was high, at least by the end of its development. Their acceptance was
likely due to the fact that the system was tailored to their particular situation,
and they had a major hand in its development. They had a sense of ownership
which likely decreased any tendency toward resistance to implementation of the
system (Hurst, 1980; Tuttle & Sink, 1984). Acceptance was even further en-
hanced once the system started generating feedback for the units. Personnel
found the information useful in doing their work.

The system was also successful because of its validity. First of all, the
system was valid in that it was complete; that is, it included all the important
aspects of the units’ work. Its completeness was achieved through the careful
review and approval process used. If data that had not been collected in the past
were needed to make the system complete, the new data were collected. A
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major index of the system’s completeness was that, across the five units, not one
indicator needed to be added during the 20 months of experience with the system.

The system is also valid in terms of its ability to accurately reflect how
well the unit is functioning. For the system to be valid, the products must be
correct, the indicators must be good indices of the products, and the contingencies
must be accurate. The structure of the system allows for high validity because
the relative importance of different activities is maintained, and non-linearities
are preserved. The iterative process of development of products, indicators, and
contingencies promoted the type of repeated review that maximizes accuracy.
Higher management’s approval ensured that the system was an accurate reflection
of organizational policy. Finally, the reliability and validity data obtainer. were
highly supportive of the validity of the system. ‘

Another apparent reason for the success of the system was that it allowed
for direct comparison across units. That is, the system allows units that have
totally different functions to be directly compared as to their level of productiv-
ity. This feature was utilized considerably by the management of MS&D. Hav-
ing each unit’s overall effectiveness expressed in terms of percent of maximum
passible éffe:tivexiéss, it was easy for mansgement to assess haw well the urﬁts

allo::atmn across umts_

Another important feature of this system is its flexibility. The system is
flexible in that it can accommodate both effectiveness and efficiency approaches
to productivity. The effectiveness approach is the one used here, and the effec-
tiveness scores are an expression of output relative to expectations. However,
the system can also accommodate an efficiency approach by incorporating ef-
ficiency into the indicators. For example, a measure of Comm/Nav monthly re-
pair demand met divided by the manhours available that month would be an effi-
ciency measure of labor productivity. Thus, efficiency can be included in the in-
dicators.

In addition, efficiency can be included by taking the overall effectiveness
measure and dividing by total inputs. This becomes a measure which combines
efficiency with effectiveness, and may be a very valuable approach in many situ-
ations. For example, overall effectiveness could be divided by the total costs
over which the unit has control (costs of manpower, supplies, etc.) to obtain a
measure of cost effectiveness. Unit personnel would then be expected to maxi-
mize cost effectiveness by increasing effectiveness, decreasing costs, or both.
Yet another approach would be to divide overall effectiveness by the total costs
of operating the unit whether controllable by the unit or not. Such & cost
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effectiveness measure would be a major component in a management information
system. Finally, multiple measures could be used to get a more complete picture
of the functioning of a unit.

The system is also flexible in terms of its ability to accommodate changes
within an organization. There will be changes over time in any organization’s
objectives or procedures. These could be brought about by changes in policy,
- changes in techmology, or refinements in operations. The productivity measure-
ment system must be able to accommodate these changes when they occur.
This system can accommodate changes through modification of any of its compo-
nents. Products, indicators, or contingencies can be changed. For example, if a
unit decided to change from an emphasis on quantity to an emphasis on quality,
the contingencies for the indicators of quality could be made steeper, and the
slopes of the quantity indicators less steep. Or, if expectations change, changes
can be made in the zero points of some of the contingencies, or the entire con-
tingency can be rescaled.

An important advantage of the system is that it can be applied to any level
of the organization, and can be aggregated to larger and larger parts of the orga-
nization, as we did in MS&D. In principle, this aggregation could be continued
until the entire organization is included, and its effectiveness could be expressed
in a single number.

In our field test, we chose to develop the system at the lowest level in the
organization. We did so because we wanted to affect the motivation of unit per-
sonnel and, from our previous work on feedback, had concluded that the maxi-
mum impact on motivation comes about when feedback is directly relevant to the
specific tasks that are being done. It is also possible, however, to develop the
system at much higher levels of the organization. One could develop products,
indicators, and contingencies at the squadron level, for example. Such an ap-
proach would not have the motivational features of being able to give specific
feedback down to the lower levels, but it would serve as a basis for under-
'standing and monitoring the productivity of the larger unit.

The ideal strategy would be to start at the lowest level and build the sys-
tem for each section, ther aggregate up to the level of the higher unit (e.g. the
squadron or the wing). This would have the advantage of providing motivational
impact to the individual sections and branches, and also provide information on
the functioning of the entire squadron or wing.
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Motivational Value

A second factor that seemed to make the system effective was its strong
motivational value. First of all, the system resulted in a clarification of roles.
The process of developing, refining, and getting management appraval for the
products, indicators, and contingencies forced role clarification. When the pro-
cess was finished, the units had a clear picture of what their objectives were,
what they should be focusing on to achieve these objectives, what was expacted
of them in each area, and what good and bad productivity were in each area.
Thus, they had a far better understanding of their roles than they had before the
development process started. This role clarification process likely had positive
motivational effects in and of itself.

The use of the system also dramatically increased the amount and quality
of feedback unit personnel received. With the system, they received more acci-
rate feedback, and more positive feedback; when the feedback was negative, it
was provided in a useful, non-personal form. The positive feedback seemed
particularly important. Personnel indicated that the system represented one of
the few times they had been told they were doing a good job. The productivity
measurement system provides a great deal of positive feedback. When the unit
is doing well or when it is improving, the reports show this. This positive
feedback is a very important feature of the system.

Another motivational feature of the system is that personnel could see the
results of their efforts. Most jobs are structured such that doing a better job
does not show up in any measurable way. This can become very demotivating.
The frequent feedback provided by the system seemed to improve the connection
between individual effort and unit productivity. Personnel could see the effects
of their efforts to improve productivity.

The system also allowed for competition across units. Using this system,
units can be compared in terms of perce & =f ; ‘mum effectiveness, and can
thus c.ampete on th1$ basna In MS&D, iy wa clearly present between
;- Jositive effect on produc-

t1v:1tyg

One of the most important features of the system was that it allowed
perscmnel ta facuscm the sarne Qb‘ectwes Befare implementation gf the system.

on d;fferent ﬂungs_ Furthérmore, what was hlgh prmnty c:hanged frequently.
One week a great deal of effort would be put on one thing, and the next week
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something different would be top priority. This is a problem common to most
organizations. It is brought about by people having different ideas about the
units’ priorities. It is especially problematic when there is no agreement on pri-
orities by different levels of management. Constantly changing priorities create

serious problems for unit personnel.

The process of developing the productivity measurement system seemed to
reduce this serious problem dramatically., In essence, all levels of management
had agreed on what was and was not important. All levels had an opportunity to
see the perspective of the others, all had agreed on what was important, and a
concerted effort could then be made to accomplish the organization’s objectives.

Organizational Accountability

Another factor in the system’s effectiveness was that the systemmn made
units accountsble for their productivity. Units can be held more accountable when
their productivity is measured and reported on a rsgular basis. Concrete per-
formance data are hard to ignore. The fact that the data exist and will continue
to be provided generates a source of motivation for unit personnel to want to
look good; also, they know that they will have to answer for it if they do
poorly. However, whenever productivity data are presented objectively about

make excuses, and more of a desire to try to find positive solutions.

Another aspect of accountability is that the system allows for a way of
assessing the effectiveness of supervisors and managers. Their major responsi-
bility is to effectively use the resources under their control to maximize the
achievement of the organization’s objectives. Thus, one very useful index of
their effectiveness is the effectiveness of their unit.

Feedback

Another apparent factor in the effectiveness of the system was that it.
provided considerable information for identification and diagnosis of problems.
The feedback reports showed if productivity had started to slip in a given area.
This allowed the unit to deal with the problem before it became serious. Prior
to receiving feedback, a problem could become much more pronounced before it
came to the attention of the unit. In addition, the feedback reports aided in diag-
nosing the causes of problems. Finally, as mentioned above, the feedback al-
Jowed the unit to know when a problem was fixed.
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The system also gave information on appropriate priorities. The section
of the feedback report that indicates where the maximum increases in ef-
fectiveness would result served as a guide for setting priorities and allocating

VI. CONCLUSIONS

A number of conclusions can be drawn from this research. First we will
discuss specific research conclusions concerning the capabilities of the system.
We will then discuss issues concerning the productivity measurement system de-
velopment process. Finally, we will review other potential applications of this
technique.

The system evaluated in the present effort appears to be a very effective
way of measuring productivity. Its implementation is quite feasible, unit person-
nel were cooperative in developing the system, and it showed good psychometric
properties. In addition, the system development process itself seemed to have a

positive effect on unit functioning even before feedback was instituted.

The feedback that resulted from the productivity measurement system had
a very strong effect on productivity. An average gain in productivity of 50% oc-
curred across the five units during feedback, and gains of 75% and 76% occurred
when using feedback with goal setting and incentive interventions, respectively.
The positive effects of the system have lasted over time. Specifically, the pos-
itive productivity results continued for the 15 months that the research team was
present on base, and have continued for at least 5 months after that.

The system allowed for aggregation across units so that an integrated
system could be developed across the four sections making up a branch. This
process is actually quite simple once the basic system is developed in each sec-
tion. The application of this aggregation to much larger and more complex orga-
nizational units seems quite feasible.

The five units using the system evaluated it very positively. Expressed
attitudes toward the system ranged from positive to very positive. The members
For example, unit members frequently showed the system to people visiting the
unit. In addition, after the experimental period, all of the units continued using
the system on their own, and management wanted to expand it to other units as
well.
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The development of the system had positive effects for units that were
quite different from one another in terms of the nature of the work. The ac-
tivities were quite different between Comm/Nav and MS&D, as well as among
the four sections of MS&D. There were also great differences in the type or
organizational structure, and the work flow. The units varied considerably in
size, and the personnel varied considerably as to their academic and technical
training background. They also differed as to their initial levels of
performance. Yet, with all these differences, the system was developed and
worked extremely well in each unit. This adds considerable support to the gen-
eralizability of the approach.

The system also offers a number of other benefits. It allows for the di-
rect comparison of the productivity of different units to each other. It can be
used with both effectiveness and efficiency approaches to productivity. In addi-
tion, it can be applied to any level of the organization, allows for competition
between different units, helps identify the priorities for increasing productivity,
and serves as an excellent basis for evaluating any changes made in the orga-
nization, :

Conclusions About the Productivity System Development Process

In doing this research, a number of co--lusions were drawn concerning the
process used for developing productivity measurement and enhancement programs
in Air Force environments.

One is the importance of having the personnel who are going to be using
the system be heavily involved in its development. The perception of unit per-
sonnel was that some previous programs imposed from above had not been ef-
fective because these programs were not designed with an appreciation for their
unique needs and environment. It is' much more effective to have heavy involve-
ment from the personnel that are going to be using the system, so that the final
product will fit their needs and they do not feel that it is yet one more project
imposed from above.

It also seems more eftective to develop such programs from the botiom of
the organization up. The lower levels of supervision know the most about the
functioning of the unit, and what are the real critical issues. In addition, these
are the people that will make the system work. It is important to have their in-
volvement and knowledge from the start. It is also important to have higher~
level involvement to approve the system. This should be done as the system is
being developed, not delayed until the system is complete. We believe our
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technique of getting approval on products and indicators before starting
contingency development proved very valuable. It not only helped clarify policy
earlier in the process, but also helped prepare everyone for the eventual
implementation. This approach gave all levels of the organization a chance to
learn about the system as it was being developed so that they would know how to
use it when it was finished. It also served to generate considerable eagerness at

It also proved very effective to have unit personnel who developed the
system defend it when it was presented ( higher management. They were much
more Kknowledgeable than the researchers about tn= subtleties of unit operation,
and could better address management’s questions and concerns. Also, it gave
them a chance to present their perceptions of optimal policy. Finally, their sense
of ownership of the system was increased by their defense of it.

We also learned the importance of using a muiltiple meeting structure that
allows for an iterative approach to the development of the system. OQur strategy
was to summarize the results of each meeting and present them at the next
meeting to assure consensus was reached. In this way, unit personnel had time
proach the question with fresh perspectives at the next meeting. Personnel need
time to adjust to the idea of completely capturing what they do in a productivity
measurement system. They need to think about it, consider its implications, and
be able to discuss it among themselves thoroughly. We believe that a quality
system could not have been built without multiple meetings separated in time.

Care must be used during development to ensure that the resulting indica-
tors. are measures which are under the control of the unit (Hurst, 1980). The
researchiers needed to frequently remind unit personnel to assess whether they
had centrol over a given indicator. Unless the unit has full control over the
work being performed, including measures of performance on that work would
be counterproductive in that they would decrease the motivational impact of the
system.

operational personnel. Some personnel were initially suspicious of our intentions,

and had questions about our credibility. Their experience had been that outsiders,

know them, went a long way toward decreasing these barriers.
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Other Applications Of This Approach

The productivity measurement system used in this research has a number
of possible applications. We have discussed how the system can be aggregated to
larger and larger units. In theory, the system could be developed for all units of
a very large organization. There would be an overall effectiveness index for
the entire organization, and for each subunit down to the lowest level in the or-
ganization. It would be theoretically possible, for example, to develop such a
system for the entire Air Force. Although such a project would take a tremen-
dous amount of effort, it is feasible,

Another possible application is in the area of management information
systems (MIS). An MIS is designed to provide information to high-level decision
makers for planning and resource allocation purposes. The problem with the in-
formation in an MIS is that there is frequently too much of it. It is hard to
separate out the crucial from the not so crucial. It is particularly hard to com-
bine the information in a way that will facilitate decision making. One applica-
tion of our approach would be to combine the individual pieces of information in
the MIS by using the contingency approach. For example, if there were ten
pieces of information about the functioning of a given unit, developing contingen-
cies relating these ten measures to overall functioning would make the
interpretation of how well that part of the organization was doing much easier.
It would also make comparisons of that unit to other units easier since each
would be measured on the same metric,

Another possible application of this approach is in the area of criterion
development. The multiple criteria issue has been a problem for years
(Dunnette, 1963; Schmidt & Kaplan, 1971). The issue is that for any job there
are multiple activities and multiple indices of performance. There may be rat-
ings on different dimensions, job samples, and measures of output. The problem
is how to combine these different indices into a single measure of performance.

One reason it is desirable to have such a single index is for purposes of
test validation, Dealing with multiple predictors such as tests and biographical
data is no particular problem in personnel selection, Multiple regression tech-
niques have been used successfully for some time. It is much more difficult to
deal with multiple criteria. If the different criterion measures could be com-
bined into a single index of performance, it would be much easier to prove that
high test scores do indeed predict successful performance on the job.

Our approach would be to treat the multiple criteria of performance as
indicators and develop contingencies for them. A set of contingencies would be
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developed for each type of job. This preserves the relative importance 'of the
different criteria and also preserves non-linearities. A single index of perfor-
mance could then be developed for use as a criterion.

Another aspect of criterion development that deserves special attention is
criteria of managerial performance. Developing good managerial criteria has al-
ways been a difficult task. Our system could be of use here. We assume that
the most important task of the manager is to use the resources under his/her
control to meet the objectives of the unit in the most effective manner possible.
This implies that one of the most important aspects of the performance of the
manager is the productivity of the units under his/her control. Thus, developing
the productivity measurement system for a set of units in the organization also
creates a criterion for the performance of the units’ managers.

The approach can also be used as the basis for developing performance
appraisal systems. As with the criterion in selection, one of the problems in
performance appraisal has been the lack of an overall index of performance,
Typically ratings of performance have been made on performance dimensions,
and an overall evaluation made as a separate global rating, or as some summation
of the ratings of the individual dimensions.

We would apply the logic of the productivity measurement system to de-
velop the appraisal system. Once the dimensions were identified, anchors for
each scale would be developed that were analogous to indicators. That is, they
would represent behavioral indicators of how well the person was doing on that
dimension. These would then be used to develop contingencies. Once this was
done, the overall performance rating would then be determined by summing the
effectiveness scores for each dimension in a fashion.similar to the way in which
overall effectiveness is determined in the productivity measurement system.

This would have several advantages. First, an overall measure of per-
formance would be generated. It would weight the dimensions of performance
according to their importance, and preserve non-linearities. Second, by keeping
the ratings to the more molecular dimension ratings, the rater would not have to
make the more molar judgment about overall performance. This overall judg-
ment would be generated mechanically. This could have the effect of decreasing
rater errors. Next, the very process of developing the system should help in
role clarification, as it does when used as a productivity measurement system.
Finally, such a system would be useful for performance feedback. The system
itself wouild communicate what is important and what is less important, and what
level of performance is expected in each area. The ratings from the system
would indicate what the person did well on, and not so well on. It would give an



overall index of performance. The priorities that come out of the system for
increasing performance would be a good source of information for the ratee, and
a basis for performance counselling by the supervisor.

Finally, there is a set of applications for this approach that is more gen-
eral in nature. The approach of indicators and contingencies can be used when-
ever there are multiple pieces of information that must be combined into an
overall index. For example, promotion in an organization could be based on such
things as performance ratings, experience, training, and test data. This set of
very divergent information must be combined into a single evaluation of promota-
bility. The system used here is an ideal way to combine this information, and
has the added advantage of producing a clear specification of promotion policy.
There are many situations where this combination of information takes place.
Examples include evaluating alternatives in decision making, medijcal or
psychological diagnosis, accepting candidates for training programs, and making
lending decisions.

In conclusion, this approach to measuring productivity appears to be a very
good one. It is feasible and effective, it enhances productivity when used as
feedback, and it has a number of other desirable features. It can be applied to
much larger organizational units. Finally, the basic logic has a number of appli-
cations beyond strict productivity measurement.
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APPENDIX B. MS&D FEEDBACK REPORTS

PRODUCTIVITY REPORT
MS&D BRANCH
INDICATOR AND EFFECTIVENESS DATA FOR MAY, 1986

BRANCH SUMMARY DATA

EFFECTIVE-  PERCENT
INDICATOR NESS OF MAX
DATA SCORE POSSIBLE

[Tl

RECEIVING TOTAL 423 4%

W

STORAGE & ISSUE TOTAL 531 1%
PICKUP & DVELIVERY TOTAL 387 65%
INSPECTION TOTAL 631 87%
DELINQUENT DOCUMENTS 58 65 76%

BRANCH GRAND TOTAL 2037 83%




APPENDIX B. (Cont.)

PRODUCTIVITY REPORT
MAY, 1986

RECEIVING SECTION

INDICATOR AND EFF ECTIVENESS DATA

EFFECTIVE-
INDICATOR NESS
DATA SCORE
RECEIVE MATERIAL
% IN-CHECKING ERRORS 00 99
DISTRIBUTE MATERIAL
PRIOR. 2 DELIVERY TIME (MIN)  15.60 78
PRIOR. 4 DELIVERY TIME (HRS) 257 87
REFUSALS IN RECEIVING 0.00 75
MONITOR REJECTS
CLEARED DELINQUENT RE JECTS 025 84
TOTAL EFFECTIV 423
| EFFECTIVE-
BRANCH L.EVEL INDICATOR  INDICATOR NESS
DATA SCORE
DELINQUENT DOCUMENTS 58 65

EFFECTIVENESS CHANGE FROM LAST MONTH

LAST THIS
MONTH MONTH
RECEIVE MATERIAL — -
% IN-CHECKING ERRORS 99 99
DISTRIBUTE MATERIAL
PRIOR. 2 DELIVERY TIME (MIN) 80 78
PRIOR. 4 DELIVERY TIME (HRS) 85 87
WHSE REFUSALS IN RECEIVING 75 75
. MONITOR REJECTS )
CLEARED DELINQUENT REJECTS 85 84
122
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APPENDIX B. (Cont.)

RECEIVING SECTION

POTENTIAL EFFECTIVENESS GAIN

INDICATOR INDICATOR EFFECTIVE-
DATA DATA NESS
FROM TO GAIN
% IN-CHECKING ERRORS 0 0
DISTRIBUTE MATERIAL
PRIOR. 2 DELIVERY TIME (MIN) 16
PRIOR. 4 DELIVERY TIME (HRS) 3
WHSE REFUSALS IN RECEIVING 0
MONITOR REJECTS

coo
o

CLEARED DELINQUENT REJECTS 1 0
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APPENDIX B. (Cont.)

PRDUCTIVITY EXEPORT: MAY, 1986
STORAGE AND ISSUE SECTION

INDICATOR AND EFFCTIVENESS TDATA
EFFECTIVE- PERCENT

INECDICATOR NESS OF MAX
DATA SCORE POSSIBLE
STORE ITEMS IN WIREHOUSE
PROPER LOCATION://REFUSALS 0 85
PROPER PROCEDURE# FINDINGS 18 4
WAREHOUSE MAINTINANCE _
MAINTAIN LOCATIOL® OFF R36 9813 83
ISSUE REQUESTED [EMS
PRIOR. 2 DELIVERYTME (MIN) 2.96 100
PRIOR. 3 DELIVERYTME (MIN) 17.40 99
PRIOR. 4 DELIVERYTME (HRS) 139 90
RESPOND TO SURVILLANCES
# REPEAT FINDINGS 0 70
TOTAL EFFECTIVENSS 531 91%
o L EFFECTIVE-
BRANCH LEVEL IND(ATOR INTDICATOR NESS
DATA SCORE
DELINQUENT DOCUNMINTS 58 65

EFFECTIVENESS CHNGE FROM BEAST MONTH

~ LAST THIS

BEMVIONTH MONTH CHANGE
PROPER LOCATION:/REFUSALS 85 85 0
PROPER PROCEDURE# FINDINGS 34 4 -30
MAINTAIN LOCATIONY% OFF R36 87 83 -4
PRIOR. 2 DELIVERY IME (MIN) 100 100 0
PRIOR. 3 DELIVERY IME (MIN) 98 99 1
PRIOR. 4 DELIVERY IME (HRS) 88 90 2
# REPEAT FINDINGS 70 70 0
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APPENDIX B. (Cont.)

STORAGE AND ISSUE SECTION

INDICATOR  INDICATOR
FROM To

PROPER LOCATION: #REFUSALS 0
PROPER PROCEDURE: # FINDINGS 18 14

WAREHOUSE MAINTENANCE

MAINTAIN LOCATION: % OFF R36 98 100
ISSUE REQUESTED ITEMS

PRIOR. 2 DELIVERY TIME (MIN) 10 0

PRIOR. 3 DELIVERY TIME (MIN) 17 4

PRIOR. 4 DELIVERY TIME (HRS) 1 0
RESPOND TO SURVEILLANCES

# REPEAT FINDINGS 0 0
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APPENDIX B. (Cont.)
PRODUCTIVITY REFORT: MAY, 1986

___ EFFECTIVE- PERCECENT
INDICATOR-  NESS OF FEMAX
DATA SCORE POSSSIBLE

PICK UP E=URN-INS
# DELINQCIJENT TURN-INS 0 65

DELIVER I"TEMS PROPERLY
PRIOR. 21 DELIVERY TIME (MIN) 27.60 4
PRIOR. 2 I DELIVERY TIME (MIN) 3420 68
PRIOR, 3 D@ELIVERY TIME (MIN) = 39.00 46
PRIOR. 4 = ELIVERY TIME (HRS) 1534 27
# DELIVERRED WRONG LOCATION 0 50

MAINTAIN ~VEHICLES
VEHICLE INSPECTION SCORE 90.00 15
# REPORT_ABLE ACCIDENTS 0 50
# NONREP&ORTABLE ACCIDENTS 0 2%

TOTAL EFFECTIVENESS FOR MONTH 87 €5.5%
o - ) EFFECTIVE-
BRANCH LE=VEL INDICATOR INDICATOR NESS

, DATA SCORE
DELINQUENTT DOCUMENTS 58 65

EFFECTIVECNESS CHANGE FROM LAST MONTH
LAST THIS o
MONTH MONTH CHAMNGE

# DELINQUEZNT TURN-INS 65 65 0

'PRIOR. 2 I DZELIVERY TIME (MIN) 66 a1 -25
PRIOR. 2 D [DELIVERY TIME (MIN) 40 68 28
PRIOR. 3 DEZALIVERY TIME (MIN) 55 46 ~9
PRIOR. 4 DEELIVERY TIME (HRS) 27 27 0
# DELIVERE=D WRONG LOCATION 50 50 0
VEHICLE IN:-SPECTION SCORE 30 15 -1y
# REPORTAELE ACCIDENTS 50 50 0
# NONREPORRTABLE ACCIDENTS 25 %5 0
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APPENDIX RB. ((ont.)

PICKUP & DELIVERY SHTION

POTENTIAL EFFECTIVENESS GAIN

, o E¥HCTIVE-
INDICATOR INDICAATOR IESS
) GIN

—— ERoM
PICK UP TURN-INS -

# DELINQUENT TURN-INS 0 0 0
DELIVER ITEMS PROPERLY “
PRIOR. 2 I DELIVERY TIME (MIN) 78
PRIOR. 2 D DELIVERY TIME (MIN) 34
PRIOR. 3 DELIVERY TIME (MIN) = 39
PRIOR. 4 DELIVERY TIME (HRS) 15
# DELIVERED WRONG LOCATION 0
MAINTAIN VEHICLES :
VEHICLE INSPECTION SCORE 90 9y o
# REPORTABLE ACCIDENTS 0 0 )
# NONREPORTABLE ACCIDENTS 0 0 ]

S




APPENDIX B. (Cont.)

PRODUCTIVITY REPORT: MAY, 1986

INDICATOR  NESS OF MA)
DATA SCORE POSSIBLE
AVG # LOCAL PURCHASE ITEMS
LEFT TO BE INSPECTED 284 69
/G # INCOMMING DATED ITEMS
EET TO BE INSPECTED 0.00 78
AVG # ITEMS W/O IDENTIFICATION
LEFT TO BE INSPECTED 5.16 19
AVG # TURNED-IN AIRCRAFT
PARTS LEFT TO BE INSPECTED 0.1 91
AVG # FUNCTIONAL CHECKS
LEFT TO BE COORDINATED 0.11 83
AVG # SUSPECT ITEMS
LEFT TO BE INSPECTED 0.00 93
# LATE MONTHLY INSPECTIONS 000 15
INSPECT DPDO MATERIAL (# RET.) 0.00 15
TECH. ORDERS: % TCTOs CHECKED 100 85
SHIPMENTS: # RODS 6.00 4
. SHIPMENTS: AVG # SHIPMENTS
LEFT TO BE INSPECTED 0.16 79
TOTAL EFFECTIVENESS 631 87%
BRANCH LEVEL INDICATOR INDICATOR EFFECTIVENESS
DATA SCORE
DELINQUENT DOCUMENTS 58 65
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APPENDIX B.

(Cont.)

INSPECTION SECTION

EFFECTIVENESS CHANGE FROM LAST MONTH

LAST THIS
MONTH MONTH CHANGE

AVG # LOCAL PURCHASE ITEMS
LEFT TO BE INSPECTED -6

AVG # INCOMMING DATED ITEMS
LEFT TO BE INSPECTED 78

AVG # ITEMS W/O IDENTIFICATION
LEFT TO BE INSPECTED 20

AVG # TURNED-IN AIRCRAFT PARTS
LEFT TO BE INSPECTED 98

AVG # FUNCTIONAL CHECKS
LEFT TO BE COORDINATED -17

AVG # SUSPECT ITEMS
LEFT TO BE INSPECTED 93

# LATE MONTHLY INSPECTIONS 15
INSPECT DPDO MATERIAL (# RET.) 15
TECH ORDERS: % TCTOs CHECKED 85
SHIPMENTS: # RODS -10

SHIPMENTS: AVG # SHIPMENTS
LEFT TO BE INSPECTED 83

69 75

78 0

19 -1

91 =7

83 100



APPENDIX B. (Concluded)

INSPECTION SECTION

S GAIN
EFFECTIVE
INDICATOR INDICATOR NESS
FROM TO GAIN
AVG # LOCAL PURCHASE ITEMS
LEFT TO BE INSPECTED 3 0 0
AVG # INCOMMING DATED ITEMS

LEFT TO BE INSPECTED 0 0 0

AVG # ITEMS W/O IDENTIFICATION
LEFT TO BE INSPECTED 5 0 30

AVG # TURNED-IN AIRCRAFT PARTS

LEFT TO BE INSPECTED 0 0 7
AVG # FUNCTIONAL CHECKS

LEFT TO BE COORDINATED 0 0 10
AVG # SUSPECT ITEMS

LEFT TO BE INSPECTED 0 0 0
# LATE MONTHLY INSPECTIONS 0 0 0
INSPECT DPDO MATERIAL (# RET.) 0 0 0
TECH. ORDERS: % TCTOs CHECKED 100 100 0
SHIPMENTS: # RODS 6 0 40
SHIPMENTS: AVG # SHIPMENTS

LEFT TO BE INSPECTED 0 0 g
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