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Abstract 

This thesis investigated the relationship between consistency and effectiveness within the 
context of a model of the interaction between a work unit and a functional group. The 
research consisted of two major areas of work: the theoretical development of the 
Expectation Range Model and its operationaliz.ation of interaction characteristics, and in­
depth case studies for the measurement and testing of the theory. The proposed 
hypothesis is: 

The more the perceived Inter-group Consistency between the expectations of a work unit 
and another interacting functional group, the more the perceived Unkage Effectiveness of 
that relationship. 

The literature has dealt with intra-group issues with role models directed at the 
individual. Clearly problems happen within a unit which can make them less effective, 
however, a work unit might also reach a high level of effectiveness with the co-operation 
of their supporting functions. The Expectation Range Model contributes to this literature 
in several ways: extending interaction concepts from the individual worker (intra-group 
consistency) level to groups (inter-group consistency); dealing with the reality of two 
way expectation communications between groups; presenting the concept of a range of 
acceptable responses; and applying the model to the manufacturing environment. It 
defined and operationalized three types of inter-group consistency as it related to the sets 
of expectations held by the Work Unit and the Functional Support Group, vis: 

( 1) Importance - expectations that were shared; 
(2) Priority- expectations that were given primacy; and 
(3) Acceptability- expectations that viewed actual behaviour in similar ways. 

Two extensive case studies were conducted over a period of about three years to test the 
hypothesis: a high technology electronic repair unit in the U.S.A. and an automotive parts 
manufacturing organization in Ontario. The quantitative data collected was used for the 
calculation of a consistency score that was correlated with independent judgements. The 
results from one site strongly supported the hypothesis while the other site provided more 
selective support. 

The results, methodology and potential directions for future research are discussed. 
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1 Introduction 

Organizations have tried, often quite successfully, to realign their manufacturing 
processes by re-deploying and re-training their dedicated operations work unit members. 
To become more effective, however, the expectations of a work unit and their members 
must be consistent with the needs of the enterprise and those of the support functions in 
the work unit's network of task interactions. That is, organizational effectiveness is an 
outcome of many small but consistent interactions throughout the enterprise. 

Consider the case of an operator of a repair station on the electronic mod-line, 
replacing defective components. She looks with dismay at the new air activated 
clamping device and says, "I'm not using that, I'm doing all right without it! Just 
get me the parts and drawings on time." Her experience has led to conclusions 
about how things should be, what she expects from others, or "how things are 
done around here." Whether good or bad these experiences have set limits on how 
she will react to similar situations in the future. 

If the manager expects the operators on the repair line to update twenty circuit 
packs per hour and make fewer mistakes by using the new air clamp, and the 
operators agree, then twenty "good" packs is the output each hour. We can say 
that the expectations of the manager and the group are consistent. However, if the 
operators feel that they can modify twenty packs just as well by using a manual 
method then there is an inconsistency in expectations. There is conflict about 
what was a "good" pack and how to achieve it. This leads to conflict for both the 
manager and her operators, but also may lead to a reduction in productivity as 
energy is wasted doing the wrong actions. 

Consistency happens as a conscious and sustained effort of the organization. It is built 
into its fabric, from the first day that an employee applies to the company through every 
day that he or she remains an employee of that company. Consistent expectations may 
lead to a sense of shared goals and norms that are the focus for continuous improvement 
and increased effectiveness. 

This research was undertaken out of a motivation to develop a theory on how to instill a 
'pattern of expectations' - a set of consistent expectations - which promotes operational 
effectiveness. An exploratory study of Japanese1 manufacturing groups and the author's 
extensive experience with a Global Telecommunications firm have underscored the vital 
importance of group interaction inquiry and the need to have a way to talk about 
consistency. With a view to this, research into the notion that effectiveness is a function 

1 A study based on interviews with North American professions who have direct work experience in Japan 
and have observed their teams. The intention was to look at how expectations differ between Japanese and 
North American companies with a view to how the differences could be exploited to assist in the formation 
of successful work teams. The quantitative data clearly pointed to the relationship between consistency and 
effectiveness. However, the qualitative data did not discriminate underlying expectations of effective group 
interaction. 



of the degree of consistency in the pattern of expectations was undertaken. It looked at 
the linkages of a Work Unit and its Support Functions. and their interactions. While 
'interaction• between individuals has been noted. and modeled by some researchers, it 
has not been modeled at the group level or applied to manufacturing situations. or has 
typically presented cause-effect relations rather than two-way interdependent interaction. 

This thesis consists of two major areas of work: an extensive theoretical development; 
and in-depth case studies to test the theory. It was organized in six sections and an 
Appendix, as follows: 

Section 2 will summarize some of the literature on consistency and role models 
that have a bearing on this thesis. Most research touches on isolated aspects of 
interaction and intra-group issues: the situation, goals, norms and roles. For 
instance, the situation may set the physical and psychological context for the 
individual, and through interactions with other members of the group. the 
individual might refine their view of 'how things are done around here.' 

These theories have addressed small group behaviour using force, and later 
expectation, models. It became apparent that there was a need to define 
consistency and model group interactions. Kahn's Role Model, sub-section 2.4.3, 
was taken as a starting point to help develop the Expectation Range Model in 
Section 3. This detailed theoretical framework was advanced to explain, in a new 
way, expectations in relation to three concepts of consistency. operationalize 
consistency, and further the understanding of a Work Unit's linkage interaction. 

To provide the academic and practical depth required by a conceptual model, a 
case study2 approach was undenaken to "drill-down" into the actual functioning 
of successful Work Unit linkages. Section 4 will provide a general description of 
the research methodology used to conduct the case studies to gather quantitative 
and qualitative data to test the Consistency formula proposed by the model. The 
case studies were conducted over a period of about three years and based on site 
observations, data from a series of group member interviews, and the results of 
responses to questionnaires from a Canadian auto parts manufacturer and a USA 
electronics repair facility. 

Then, Section 5 will provide in-depth analysis of a wide variety of case data, 

2 

using a mix of interpretive and quantitative methods to examine the case results in 
relation to the theoretical framework. Section 6 provides an overview and 
discussion of the case findings in relation to the theory, and considers issues 
related to the performance of the consistency measure, methodological limitations 
of the study, and the generalize the results. Additionally, it identifies the primary 

2 Mintzberg [ 19?9] indicates that systematic data should be supported by anecdotal data from the field, and 
"the need to be on site, and to be there long enough to be able to understand what was going on." 
Unfortunately, the literature was not rich in direct observation. Cost, accessibility and the availability of 
appropriate situations were at the root of most problems in providing observational data. 



contributions of this dissertation, examines some of the implications of the work 
for organizational theory and practice, and identifies areas for future research. 

3 
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2 Literature Review 

2.1 Overview 

This research views operational effectiveness as the outcome of a network of consistent, 
or aligned, expectations, which arise out of numerous interactions within the task 
situation (e.g. structural, technological/systemic, intra and inter-group). Over the last four 
decades many authors have supported this view, for example: Likert (1961) writes that 
"the form of organization which will make the greatest use of human capacity consists of 
highly effective work groups linked together in an overlapping pattern by other similarly 
effective groups .... they endeavor to have the values and goals of the groups which they 
link in harmony, one with the other." This pattern which connects is a meta-pattern, a 
pattern of patterns, (Bateson, 1979) intelligence is to be found in patterns of behaviour. 
(Weick. 1993a) Jaffe (1998) adds, .. if people all had the same values with the same priorities, 
it would be easy for them to work together in groups." 

This section is divided into three parts that review the literature, with compatible applied 
manufacturing examples, from the view of: 

(I) Consistency, topics that deal mainly with inconsistency for the individual and 
how a disagreeable state leads to behaviour designed to achieve a consistent and 
agreeable state; 

(2) Role models, that bring together several or all of the elements in Figure 2-1, that 
is, link together the actions of persons in particular positions within a social 
structure; and 

(3) Models for consistency, manufacturing and roles are discussed in detail. 

Figure 2-1: Topics in the Literature 

The conclusion of this section is that there is a need for a precise understanding of 
consistency, to extend it to two-way inter-group linkages within manufacturing, and to 
operationalize it. 
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2.2 Consistency 

Heider' s ( 1959) Balance Model, presented in detail in sub-section 2.4.1, appears to be the 
first to use the concept of inconsistency. It considers the alignment of the expectations 
between two persons and an object, and the principle of self-other congruence suggests 
that inconsistency occurs less frequently and is less stable than more consistent situations. 
Others, like Newcomb (1965) and Festinger (1957), have extended this model, broadened 
the areas of application and contributed new language to the understanding of 
consistency. For instance, •dissonance' may be viewed as a tension or pressure that results 
from a sentiment or orientation towards something and leads to behaviour to achieve 
·consonance'. 

These models provide a suitable backdrop for a broader discussion of consistency, using 
goals as an example of potentially inconsistent expectations that may result in conflict or 
ambiguity, and lead to stress and behaviours to reduce it. In addition, this section provides 
an introduction to the notion of consistency as an important aspect of role models. (See 
the footnote 1 for definitions of conflict and ambiguity as they are used in role models). 

Consider an operator that joins a Work Unit that has production goals that are 
different from their Support Group for preventative maintenance. This creates an 
imbalance for the worker that reduces his ability to predict the outcome of certain 
behaviours. Through training the worker and Work Unit learn what is expected 
and this results in •consonance' of behaviour-response and allows the worker to 
predict how the other group will react. 

For the organization, the literature on goals recognizes the unifying impact of commonly 
held, high level, expectations. Likert (1961) acknowledged that the productivity of a work 
group can be increased substantially and waste correspondingly lessened when the goals 
of the Work Unit shift so as to become more consistent with the objectives of the 
organization. Work Unit needs to have a clear direction so that they can focus their efforts 
and evaluate their performance. Effective organizations have consistent expectations 
based on a common set of .. high performance goals." (Shafritz, 1978) 

For an individual and the Work Unit, consistency of expectations is their common 
understanding. An individual is attracted to a group when they understand the group's 
goals, the path to achieving them and how the individual contributes. Bedeian (1980) 
wrote that this also applies to the connections between groups, .. Organization members 
often have a limited appreciation of the dependencies and complicated connections 
existing between departments or tasks. As a consequence, individual organization 
member's conceptions of goals tend to be greatly influenced by the nature of their 
particular task assignments and their knowledge of other units ... or personal goals." 

1 Role Conflict: when two individuals hold equal and opposite expectations; 
Role Ambiguity: when an individual does not know what is expected by another individual 
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When the individual's contribution deviates (becomes inconsistent) from the Work Unit's 
goals, the unit restores uniformity. Several authors, like Lewin (1952), Hare (1962) and 
Cartwright (1960) have written that pressures toward consistency can serve at least three 
functions: to help the group accomplish its goals, to help the group maintain itself as a 
group, and to help the members develop validity or ·reality' for their opinions. 

However, when individual and group goals deviate from those of the organization there 
can be ineffectiveness. For example, the group may have a goal of making sure all 
members have work to do so they earn their hourly rate, •work slowly'. On the other 
hand, the company gets more product orders by keeping the production costs down, •work 
quickly'. The individual may be consistent with the group goals, but inconsistent with the 
company goals. 

Conflicting and ambiguous expectations at the individual, work unit or organization 
levels may have stressful impacts and have been a major topic in the literature. House 
< 1972a). whose manufacturing model is presented in sub-section 2.4.2, felt that a lack of 
clear performance standards or feedback and the ambiguous and frequently changing 
directives, are conducive to role conflict and ambiguity and reduce effectiveness. Because 
of this it has been suggested that astute managers should pay special attention to the 
factors that lead to increased levels of role conflict and role ambiguity, like the quantity 
and quality of communications. (Zahra. 1985) In the end, interventions aimed at reducing 
role strains are likely to reduce employees' propensity to leave. (Klenke-Hamel. 1990) 

Several recent extensions have been made to the concepts of Conflict and Ambiguity. 
These extensions may improve the understanding of consistency and lead to better ways 
to measure it. For example, Rabinowitz (1987) split Role Conflict into four factors: 
"Person-role conflict; Inter-sender conflict; Intra-sender conflict; Role overload." Kahn 
< I 994) added an overload factor to his Role Model, which is discussed in detail in sub­
section 2.4.3, and demonstrated that when people are overloaded they .. shut off 
communication from some of their satellites in the work situation, and thus reduce their 
own pressure, at the same time increasing the felt pressures of those who try in vain to 
communicate with them." Additionally, Zohar (1995) has proposed a new .. justice" 
variable for the measurement of role stress. 

Consistency is also an important aspect of each of the role model's elements: the 
situation, roles, norms and interactions between work units. These elements will be 
presented next. 
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2.3 Role Theory 

Role theory is in the main a collection of principles about human functioning in a social 
context. The history of Role Theory is rooted in a theatrical situation. where an actor's 
role is linked to another 'target• role through the behaviours of the actor. This section will 
address these principles it tum: 

( 1) the situation, the position in the social structure and a role associated with that 
position; 

(2) the role, and the broader norms, that are the expectations (the 'oughts') that define 
both the role and the possible courses of action; and 

(3) the linkage to others. which includes the performance and evaluation (approval or 
disapproval) of the role behaviour. and may infer the strength of the relationship. 

2.3.1 Situation 

The situation is the stage on which the actors perform. but their performance is affected 
by its structure. For an organization. for example. "built structures [like a church] have 
both a functional and a symbolic relationship to social organization." (Baldry, 1997) When 
we enter one of them we know how we should act. the situation already has predefined 
behaviour expectations on where we should sit and when we should stand. 

For an individual or work unit, understanding the situation is necessary for the formation 
and sustaining of consistent expectations. Hackman (1986) suggests that a performing unit 
structure and a supponive organizational context enable unit effectiveness. To the extent 
that the Work Unit and members understand and act consistently with the expectations of 
the situation they will be effective. A quality program. for instance. may define how the 
Unit should inspect their product but it will also provide them with the tools and training. 

Manufacturing management may also look to technology to structure interactions and to 
'freeze' change in place; or to use communication and coordination structures. like 
process or procedures, to link together organizational events. 

• Technologies are better viewed as occasions that trigger social dynamics, changing 
the circumstances surrounding the task and promoting organizational change. Kahn 
( 197 4) wrote, "to change an organization means changing the pattern of recurring 
behaviour, and that is by definition a change in organizational structure." For 
example, the installation of an enterprise software package can consolidate functions 
or create new data management tasks. Because of the discipline required to implement 
a change, technology can improve the coordination among the different functions by 
streamlining the entire process through better communications. (Barley, 1986; Gladstein, 
1990; Sims, 1992; Pouraghabagher, 1992; Huq, 1994) 
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• "Communication and coordination are fundamentally related to organizational 
de5.ign .... linkages between various organizational functions." (Purdy, 1996) The 
procedure changes implied by, for instance, the introduction of a new JIT process 
between a company and its suppliers could impact the formal and informal structures 
of the relationships between several functions in both· organizations. This structure is 
found in an interrelated set of events that return upon themselves to complete and 
renew a cycle of activities. It is these events rather than things that are structured, so 
that social structure is a dynamic rather than a static concept. When situational 
change is stimulated, it embraces all of the interlocked areas, altering events which 
impact employee's performance. (Shafritz, 1978; Nora, 1986; Sims, 1992) 

Further, many effectiveness problems of work units may arise from inappropriate 
structures created by technology or procedural coordination. (Bolman, 1991; Schultz. 1979) 

2.3.2 Norms & Roles 

"Norms are shared expectations about how the members of a group ought to behave .... 
Roles are shared expectations about how a particular person in a group ought to behave." 
(Levine. 1990; Hare, 1962) 

An organization's norms endeavor to distinguish behaviour that is a legitimate means for 
achieving organizational 'ends.' They are woven into the fabric of established power 
relationships to the degree that they are often unchangeable social facts. For example, at 
Toshiba there is a norm of always asking for help when you don't know what to do next, 
or to always give help to other employees before continuing with your own work. The 
reason for this is that if someone does not know what to do then everyone should help 
them get back to work so there is less wasted effort in the organization from people stand 
around. (Shafritz. 1978; Senge. 1991; Bolman. 1991) 

Roles. on the other hand, deal with relationships. As Jaques (1951) wrote, "the quality of 
these relationships is governed by the extent to which the individuals concerned have 
each absorbed the culture of the organization so as to be able to operate within the same 
general code." Roles not only help to define appropriate conduct, but also how 
interactions should occur. Interaction requiring rapid coordination, like between persons 
on an assembly line, tend to be governed by roles that are relatively highly structured, and 
may even substitute for thinking. (Newcomb, 1965; Goffman, 1973; Sobel, 1976; Dubin, 1976; 
Sackman. 1991) 

Attempts to explain norms and roles in terms of personality traits have been unsuccessful. 
Mischel's (1968) study concludes that, "behaviours which are often construed as stable 
personality trait indicators actually are highly specific and depend on the details of the 
evoking situations and the response mode employed to measure them .... With the 
possible exception of intelligence, highly generalized behavioral consistencies have not 
been demonstrated." 
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2.3.3 Interaction 

Several notions. like Barley's (1986) behaviour 'scripts' or Mintzberg's (1979b) 
·coordination mechanisms,' have provided understanding of certain aspects of interaction 
in organizations but have not provided full models. Kahn's Role Model, on the other 
hand, deals with the interaction between individuals within a group as a one-way intra­
group expectation-response sequence - the performance of an expectation (the behaviour 
exhibited) and the evaluation (approval or disapproval) towards the behaviour often 
characterize the interaction. 

Over time the individual and group interaction gives direction and limit to their activity, 
and serves to differentiate them from other groups. As Barley (1986) suggests, social order 
is a product of negotiation that takes place as interacting individuals attempt to define 
situations. For example, a stamping machine operator can negotiate with a fork truck 
driver on where material is best dropped and picked up to satisfy both of their needs. But 
the management of process interactions is also very dynamic, as new channels of 
communication disrupt the old channels they must be made consistent with the goals of 
the business. (Roy, 1960; Caplow, 1964; Bannister, 1997; Thietart, 1997) 

The next section will discuss three models in more detail. 



2.4 Models 

The following models will be discussed: 

• Consistency - Heider (1959); 

• Manufacturing application -House (1971a); and 
• Role Model- Kahn (1996). 

2.4.1 Reider's Balance Model 

Heider' s (I 959) Balance Model considers the alignment of the expectations between two 
persons and an object. see Figure 2-2. The two configurations (a. b) involve attitudinal 
congruence between a P(erson) and an O(ther person) with respect to some attitude object 
(X). Theo➔ X arrow. or the attitude of O toward X. is of course his attitude as perceived 
by P, where ·+• is a positive attitude and'-' is a negative attitude. The third diagram (c) 
represents a situation of incongruence. The principle of self-other congruence suggests 
that this third configuration occurs less frequently and is less stable than the two 
preceding. 

(a) (b) (c) 

Figure 2-2: Interaction between two persons 

Some of Heider' s findings are: 

• "Familiarity usually rests upon interaction. During the course of an interaction. as 
P gets to know O. mutual adaptation may take place. This adaptation to 
environmental entities brings about harmonious interaction, they have grown upon 
one another." (pg. 215) 

• "a person chooses or likes another person to the degree that the other's activities 
realize the chooser's norms and values." (pg.200) 

• "if a balance state does not exist, then forces toward this state will arise. If a 
change is not possible, the state of imbalance will produce tension." (pg.201) 



11 

In terms of a consistency model, interaction leads to an understanding of the task situation 
and the opportunity during the expectation-response-evaluation cycle to choose 
behaviours which are consistent with the priorities of the other work units in the 
interaction (linkage). Unacceptable behaviours can lead to not-as-effective performance. 
The fact that the other holds attitudes congruent with one's own is seen as a rewarding 
characteristic of the other person, and this being so, such a person is likely to be perceived 
as rewarding-in-general (attractive). 

This model lacked two-way interaction between groups, did not address consistency in 
perception of expectations of the object, does not include roles and norms, and does not 
include a task situation. 

2.4.2 House's Path-Goal Model 

House's (1971a) Path-Goal Model dealt with several effectiveness issues, like 
psychological structure and consideration from a supervisor. 

Independent 
Variable 

Formalization -Practices 

Intervening 
Variable 

Role 

Dependent 
Variables 

Perceived - Organization 
~ EffectlvenNs 

EmployN 
Satisfaction 

j 

~----. / I ,J) Str•• Supportive V ., 
Perceptions I 

Anxiety 

Leadership ,__ _________ __, 

PractlcN Propenalty to 
i/' Leave or stay 

House's Model is related to earlier work by Fleishman (1962) on leadership behaviour in 
which it was found that high consideration foremen could increase instrumental 
behaviour with very little increase in grievances and no increase in turnover. House 
< 1971 a) wrote, .. Leader initiating structure (formalization) is used to describe the degree to 
which the leader initiates psychological structure for subordinates by doing such things as 
assigning particular tasks, specific procedures to be followed, clarifying his expectations 
of subordinates, and scheduling work to be done ... Leader (supportive) consideration is 
used to describe the degree to which the leader creates a supportive environment of 
psychological support, warmth, friendliness, and helpfulness by doing such things as 
being friendly and approachable, looking out for the personal welfare of the group, doing 
little things for subordinates, and giving advance notice of change." 
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House's model uses consideration and structure to potentially reduce inconsistency. The 
Supervisor presents opportunities for the group members to choose behaviours that are 
consistent with the priorities of the business. House's model was not selected because it 
was not a dynamic model and did not allow for two-way interaction between individuals 
or groups. Funher, it lacked consistency in perception of expectations of the target 
employees, and did not include norms. 

2.4.3 Kahn's Role Model 

Kahn's ( 1996) work captures an insightful explanation of the relationship between 
individuals. It deals with individual interaction and is rich in possibility for extension to 
group level interaction as is proposed by the Expectation Range Model of this research. 
Because of this, it is presented in more detail than the previous two models. 

ROLE MODEL 

Kahn's model of organizational roles, Figure 2.3, is useful to thoroughly review because it 
represents one of the best examples of an interaction model, albeit on an individual level. 

Role senders 
Sent 
role 

Figure 2-3: Role Model 

Focal person 

Received 
role 

The Model presents the significant relationship between the organizational situation and 
expectations. The individual's role becomes an amalgamation of the effects brought into 
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play by the situation, the group and the characteristics of the individual. "Roles are shared 
expectations about how a particular person in a group ought to behave," (Levine. 1990) the 
regularities of a group member's behavioral relationship to another, and the shared 
acceptance of the same rules prescribing appropriate behaviour. The shared rules provide 
structure that allows for rapid coordination. (Newcomb, 1965) 

We can see from Figure 2.3 that the Role senders hold some expectations based on 
previous experience in the position and the pressures imposed by the environment of the 
organization. These expectations are 'sent' to the individual as a role that is to be 
complied with. The individual who is the focus of the communication attempt - the 'focal 
person' - receives the expectations, interprets and responds to the Role senders through 
their Role behaviour, and this response affects the expectations held by the Role senders. 
It should also be noted that the expectations from the Role sender to the focal person are 
affected by the personal attributes of the focal person and the relationship that the focal 
person has with the Role senders. 

Much of Kahn's work deals with the conflicts that arise for the individual, and the health 
implications for them. For this research, the concern is mainly with the interactive 
outcomes of situation and expectations of the group for the individual. The following 
sub-sections explore various aspects of Kahn's model starting with the overall process 
and then explain in detail some of the important terms and concepts. 

2.4.3.1 Role Episode: 

The Role Episode is the high level process of how expectations are sent by the 
Role Senders to the Focal Person, and how the expectations are received and feed 
back to the Role Senders. That is, the Role Senders (Sent Role) apply evaluative 
standards (Role Expectations) in an attempt to influence the Focal Person. The 
Received Role is the Focal Person's perception of the sent role, and it results in the 
Role Behaviour which feeds back to the Role Senders the Focal Person's 
response. (Katz, 1978) 

2.4.3.2 Role Expectations: 

Role Expectations arise from systemic properties of the organization, the 
subsystem in which the Role-Senders are located, and the particular position 
occupied. They represent standards in terms of evaluating performance. The Role 
Senders communicate to the Focal Person an expectation in the form of an order, 
suggestion, request, or other kind of instruction. The compliance or 
noncompliance in relation to the original expectation is evaluated and 
communicated to the Focal Person, often with positive or negative sanctions. (Katz, 
1978; McLean, 1970) Various members of the Role Set may hold quite different Role 
Expectations toward the Focal Person, and these role pressures give rise to role 
forces and psychological conflict. (Kahn, I 964b) 
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2.4.3.3 Sent Role: 

The content of a Sent Role is expectations or preferences for specific acts, things 
the Focal Person should do or avoid doing. This pressure arouses a psychological 
force of some magnitude and direction. When the behaviour of the Focal Person is 
compliant then the expectations may be quite inconspicuous. But if the range of 
such acceptability is crossed then "there will immediately become visible the 
membership of the role set, the expectations which they hold, and the means of 
enforcement at their disposal." (Kahn, 1964b; Katz, 1978) 

2.4.3.4 Received Role & Role Behaviour: 

For each Sent Role there is also a Received Role and corresponding reaction or 
Role Behaviour. The Received Role is the Focal Person's perceptions of what was 
sent, and it will depend on properties of the senders, the focal person, the 
substantive content of the sent expectations, the clarity of the communication, etc. 
When "pressures are generated and •sent,' they do not enter an otherwise empty 
field; the focal person is already in role, already behaving, already maintaining 
some kind of equilibrium among the disparate forces and motives which he 
experiences. Pressures to change represent new and additional forces with which 
he must cope; by definition they threaten an existing equilibrium. Moreover, the 
stronger the pressures from role senders toward changes in the behaviour of the 
focal person, the greater the conflict created for him." (Kahn, 1964b; Katz, 1978; 

McLean, 1970) The behaviour of the Focal Person feeds back to and has effects on 
the Role senders. If he refuses to comply with the sent role, it will change their 
evaluation of the Role behaviour and possibly cause an enduring change in their 
liking for the focal person. 

2.4.3.5 Organizational Factors: 

Kahn's model indicates that organizational factors affect only the Role Senders. 
We will expand this definition to include all situational elements - physical, 
policy or philosophy - which may affect all group members, including the Focal 
Person. In addition, we will draw upon recent Kahn (1996) models that include the 
"Extra-Organizational Environment," such as the socio-cultural systems in which 
the organization participates, demands made by external systems for 
organizational performance, and resources available to the organization from 
external systems. (McLean, 1970) 
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2.4.3.6 Attributes of the Person & Interpersonal Factors: 

These "attributes" stem from motives or values that define inclinations of the 
Focal Person to behave in certain ways. Some traits of the person facilitate certain 
evaluations from Role-Senders; act as conditioning variables in the relationship 
between the role as sent and the role as received and responded to; or affect 
personality to the extent that "we become what we do, and in a sense we un­
become what we do not do." (Katz, 1978) In addition, the quality of the 
interpersonal relationship between the Focal Person and the Role-senders will 
affect how the sent expectations are interpreted. Praise and blame have one 
meaning when they come from a trusted source, another when they are from an 
enemy. 

2.4.3.7 Model Extensions 

Kahn's unpublished work2 suggests extending the Role Model to include concepts that 
address expectation consistency, for example, norms. "The most obvious difference 
between norms and roles has to do with breadth of application. Roles are position-
speci fic; norms apply to all members of an organization, an organization subsystem, or a 
category of organization members." (Kahn. 1996) Norms define how the members of a 
group ought to behave, and it has been shown that group performance is enhanced by a 
group consensus around positive norms. Group norms prevent conflicts, regulate contacts 
with outsiders, facilitate the expression of the group's core values, and strengthen 
independent judgment in the face of a majority. (Levine, 1990; Weick, 1993b) 

In addition, Kahn suggests the extension of the Role Model to include organizational 
routines: "Role sending can provide a whole sequence of appropriate actions under 
various possible contingencies. Learning a role involves an accumulation of these 'what 
to do if' routines. For the organization as a whole, that shared knowledge enables 
continual functioning under conditions that are always subject to some degree of change." 
(Kahn, 1996) 

2.4.3.8 Issues with the Model 

Kahn's work seeks to understand conflict, dealing with specific situations that people 
might experience and the health implications associated with stress. It addresses the 
individual who tries to accommodate a group's expectations. There are three areas of the 

2 Kahn has recently extended the role model to include: (1) funher specification of the role-sending process 
itself, especially in the form of organizational routines; (2) fuller recognition of the role-defining activity of 
the focal person; (3) explanation of the linkage between roles, norms, and values; (4) acknowledgement that 
role structure, while a source of organizational stability, may degrade or disintegrate under certain 
circumstances; (5) exploration of the ways in which technology influences role structure and the limits of 
that influence. 
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Role Model that need to be addressed by the Expectation Range Model, (Section 3), 
before it can be applied to the Manufacturing environment, vis: (1) the Expectation Range 
Model needs to generalize from the group-individual case to suit expectations between 
groups; (2) the one-way communication of expectations must be augmented to allow for 
reciprocal expectations between groups; and (3) the notion of consistency/conflict needs 
to be expanded to allow for degrees of consistency. 

First, the focus of the Role Model is on the expectations from the Role senders to the 
Focal Person, from the group to an individual within the group (intra-group 
expectations). The Role senders have the expectation and the focal person has attributes 
and interpersonal factors that modify how the expectation is received. In the Expectation 
Range Model, the expectations are between groups, (inter-group expectations), what one 
group expects from another group to perform their tasks. For example, a manufacturing 
work unit may expect Production Control to give them timely information of customer 
requirements so they can plan their work assignments ("No surprises!"). On the other 
hand, Production Control may expect the work unit to be flexible to Customer needs 
CChange over runs in 4 hours!") so "Do it!" requests can be satisfied. 

Second. the Role Model also indicates that the Role senders "give" the expectation and if 
the Focal person's behaviour is not right then the Role senders will adjust their 
expectation as though the Focal person didn't understand -- give the same message again 
or give the message in a different way. Kahn's Model does not look at what the Focal 
person thinks the Role senders should be doing. This may not be a problem if all the 
interaction is within one group, but even there the members of a group may have some 
reciprocation because everyone does not perform the same task; and even if they do they 
may do the task differently. The Expectation Range Model needs to capture the richness 
of the group interactions, such as, when two groups interact they both can have different 
sets of expectations and that this leads to reciprocal relationships. That is, a work group 
also communicates expectations on an ongoing basis from the point of view of that group 
and what is acceptable to them. There is an interaction in which two sets of expectations 
are involved. This means that the model must take account of the interaction in more than 
one direction, and with each group correcting their behaviour. For example, a work unit 
expects that Maintenance will "come quickly" when there is a machine problem - this is 
the group's expectation, not necessarily Maintenance's. On the other hand, Maintenance 
wants a work unit operator to "wait by the machine" to explain the problem and lend a 
hand - this is a Maintenance expectation, not necessarily the group's. Each group can 
judge the other's behaviour relative to their expectation for the other group, and re-act 
accordingly. 

Thirdly, the Role Model indicates that when an expectation is communicated by the Role 
senders, that the Focal person either goes along with it (is consistent) or they run into a 
conflict. A lack of consistency is not conflict. In the Role Model consistency and conflict 
are two behaviour extremes: complete similarity, and equal-and-opposite forces 
respectively. The Expectation Range Model considers a behaviour range, a grayish area, 
or a degree of consistency. Responses or Role behaviours actually fall into a range of 
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acceptable behaviours. The degree of consistency is similarity of beliefs (eg: Newcomb, 
1965, pg.125) and goals; the extent to which expectations about future behaviours are 
shared; it is a potential which is different for each work unit and its task situation. For 
instance, if the Maintenance group is short one person due to illness, then they can not 
respond as .. quickly" today as the work unit would like ("get here in 2 hours"). This 
behaviour may be acceptable if the work unit has other tasks it can perform while it waits, 
or it may be unacceptable if the machine is critical to the completion of a rushed customer 
order. That is, there is an acceptability range that a behaviours, (from both groups), map 
onto to determine if the current behaviour is perceived as acceptable or not. 
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2.5 Conclusion 

From one viewpoint, the literature has accepted the concepts of role models as a way of 
describing social interaction. Weick (1993), for example, goes on to extend expectations 
to the notion of interactions in situations of crisis. "A major contributor to this disaster 
was the loss of the only structure that kept these people organized, their role system .... 
(that is by thrusting) people into unfamiliar roles, leave some key roles unfilled, make the 
task more ambiguous, discredit the role system, and make all of these changes in a 
context in which small events can combine into something monstrous." 

On the other side, there is still a need for an intimate understanding of consistency, what 
it is and how it works, and to extend the available models to two-way inter-group 
linkages within manufacturing and operationalize it. The Expectation Range Model, 
presented next in Section 3, was formulated to address the understanding of consistency 
and these extensions. Further, it presents three concepts of consistency, which are 
operationalized as a mathematical model and then applied to two case studies at an 
automotive manufacturing site and a circuit pack repair facility. 
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3 Expectation Range Model 

3.1 Introduction 

This research looks at the association between consistency and effectiveness within the 
context of a model of the interaction of a work unit and another functional support group 
and proposes the Expectation Range Model in Figure 3-1, (see the footnote below for 
definitions of consistency and effectiveness).lt builds on case study interviews and 
extends the background literature with a view to the measurement and testing of the 
hypothesis: 

The more the perceived Inter-group Consistency1, between the expectations of a work 
unit and another interacting functional group, the more the perceived Linkage 
Effectiveness2 of that relationship . 

... •• • ■:• .............................. .. 

. : • • 

~----■••················· ·············1··• ■-

Figure 3-1: Expectation Range Model 

A Functional Support Group's (Group) interpretation of an expectation (see Figure 3-2) 
from a Work Unit (Unit) comes out of the Group's understanding of their task situation 
and the alternative actions available to the Group to respond. To some extent the response 
of the Group will be consistent with the expectation of Unit, that is, similar but not 

1 Consistency is the same or similar set of expectations shared by both parties in a linkage. 
2 Effectiveness of linkage relationship is from the Business or Management view. 
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exactly the same or exactly opposite (conflicting). The response of the Group is evaluated 
by the Unit against a range of acceptable responses based on the Unit's understanding of 
their task situation. In general, when the response falls within the Unit's acceptable range 
the relationship of the Group and the Unit may be seen as positive by the Unit and the 
perceived effectiveness of the relationship might stay the same or improve. However, if 
the Group's response is unacceptable to the Unit then the relationship may be negatively 
impacted and the perceived effectiveness of the relationship might stay the same or 
suffer. This may result in less co-operation in future interactions. 

Functio.nal 

Figure 3-2: Unit Expectation 

Consider a Maintenance group that receives a work order from a production work unit at 
1 :00pm. It is the work unit's expectation that Maintenance will come to investigate the 
machine fault within the usual 2 hours, by 3:00pm. Maintenance is working on the 
installation of a new assembly line and determines that the machine fault will not shut 
down the work unit and the fault can be worked on by the midnight Maintenance shift, so 
they do not respond until 1 :00 am. An expectation of coming to fix a machine within a 
'reasonable time' has been interpreted somewhat differently by the two groups. 

In this example, the work unit expected a response by 3:00pm, however Maintenance did 
not respond until 1 :OOam, about 10 hours later than expected. The work unit feels that the 
response is 'unacceptable' and finds that the Maintenance group is a "bunch of 
inconsiderate, lazy, @#%! !" Interestingly, the Maintenance group feels that they did a 
satisfactory job, and if the work unit had an understanding of Maintenance's work.load 
this response may have been seen as acceptable to the work unit as well. 

In a similar way, a Functional Support Group has an expectation (see Figure 3-3) for a 
Work Unit, the Unit responds to the Group's expectation, and the Group evaluates the 
'acceptability' of the Work Unit's response against the Group's acceptable range. For 
example, Maintenance expects the work unit to have a machine, that is waiting to be 
repaired, cleaned of all scrape material, cuttings and tools before the Maintenance group 
arrives to investigate the fault. When Maintenance has to wait for this to be done they 
anticipate an extension to their work time - about one additional hour to the work order. 
This looks bad for their metrics, gets Maintenance into trouble with other work units that 
are waiting for their help, and adds out-of-production time for the work unit. Not cleaning 
the machine before Maintenance arrives is unacceptable behaviour. In fact, Maintenance 
sees some work units as a "bunch of inconsiderate, lazy,@#%!!" 
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Figure 3-3: Group expectation & interaction 
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The Expectation Range Model extends the available models, like the Role Model, and 
contributes to the consistency literature in several ways: extending interaction concepts 
from the individual worker level to groups; dealing with the reality of two way 
expectation communications between groups; presenting the concept of a range of 
acceptable responses; and applying the model to the manufacturing environment. The 
succeeding sub-sections will explore the Expectation Range Model in detail. However, 
first some interaction, consistency and expectation notions will be presented to focus the 
discussion. 

3.1.1 Network and Linkage Interaction 

This research centers on Linkage interaction, not Network interaction. To explain the 
difference, consider a product that is manufactured through a network of connected tasks. 
That is, a series of sequential operations by Work Units, on several shifts, that are 
supported by numerous staff and line Functional Support Groups. Each Unit-Group 
connection is a Linkage. In Figure 3-4 the Unit3 is the center of the network, supported by 
other shifts, operations and by Groups such as: 

• Administration Support: groups like HR hire and train members of a Work Unit; 
• Production Support: groups like Quality resolve conflicts between design and actual 

component specification; 
• Process Support: groups like Maintenance install and repair equipment; 
• Product Support: groups like Materials purchase components used by a Unit. 

Although the terms 'Unit' and 'Group' are used to designate the two parties in an 
interaction, an interaction could be between two Work Units or two Functional Support 
Groups. For this discussion, the Unit will be the focus in the network, with the Group as 

3 This research uses the Unit as the focus, although it may be applied to the network around any Unit or 
Group. 
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the second party in the interaction. The connection among the tasks of the Unit and Group 
leads to interaction, and interaction leads to an exchange of expectations, responses and 
evaluations. 

Staff Functions 

Line Functions 

Figure 3-4: Network and Linkage Interaction 

Each connection in the network, between a Work Unit and a Functional Support Group, 
will be called a Linkage through which the Work Unit and the Functional Support Group 
communicate and place expectations on one another. However, a linkage exists only if 
their task situation dictates that they must interact. (Figure 3-5) For example, a Work Unit 
·A' makes one product and a Work Unit 'B' makes another product. If they do not 
provide information or material to each other, they do not interact. Because their task 
situations do not directly include one another, they do not have expectations of each 
other ... there is no linkage. On the other hand, a Maintenance Group services the 
equipment of both Work Units A&B and it interacts directly with Work Unit A or Work 
Unit Bas the need arises. The Maintenance Group has expectations for both Work Unit A 
& B. Work Unit A or Beach have their own expectations which include only the 
Maintenance Group, not each other. Thus, for instance, Work Unit A is only linked to the 
Maintenance Group. 
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Figure 3-S: Linkage and No-Linkage 

Intra-group and Inter-group Consistency 

It is important to recognize that there are two types of consistency: intra-group 
consistency which is the degree of alignment of expectations among members of a Work 
Unit. or among members of a Functional Support Group; and inter-group consistency 
which is the degree of alignment of expectations between one Work Unit and another 
Functional Support Group. (Figure 3-6) 

nctional 
roup 

.1m~l!l'tl1Up coasistenc 

Inter-group consistency .. 
Figure 3-6: Intra-group vs Inter-group consistence 

For example, with Intra-group consistency, one member of a Unit who tests circuit packs 
expects another member of the same Unit, who will repair this pack, to do exactly what is 
specified on the repair document and within the quality guidelines so the pack will pass 
the re-test verification operation. The repair operator also understands this expectation, so 
the test and repair operators have consistent expectations. 
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On the other hand, with Inter-group consistency, the Unit expects the Maintenance Group 
to train them on how to fix minor problems with their test sets so the Unit can be back 
into production quickly and without having to wait for the Maintenance Group to do the 
repair. The Maintenance Group also understands this expectation, so the Unit and Group 
have consistent expectations. 

unctio 
_!~ Group 

Inter-group consistency 
Work. 
Unit '.,~, 

Figure 3-7: Types of Inter-group consistency 

This research extends the literature on intra-group consistency and focuses on inter-group 
consistency. Further, it will define, in latter parts of this section, three types of inter­
group consistency as it relates to the set of expectations' (represented by r,;J in Figure 3-
7) held by the Work Unit and the set of expectations held by the Functio~ Support 
Group. The three types of inter-group consistency are: 

( 1) Importance - expectations that are shared by both the Unit and the Group; 
(2) Priority - expectations that are given primacy by both the Unit and the Group; and 
(3) Acceptability - expectations that are viewed in similar ways, compared to what 

actually happens, by both the Unit and the Group. 

3.1.3 Network and Linkage Effectiveness 

Perceived effectiveness is used in this research to rank Work Units so a correlation can be 
established with consistency, as was presented in the hypothesis. To this end the 
applicability of Network and Linkage Effectiveness will be discussed. 

4 In general. a set of expectations is all the expectations which the Unit, or Group, has which define the task 
situation in which the Unit and Group interact. 
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Nenmrk Effectiveness is the perceived effectiveness of the Work Unit with all its 
network connections to Functional Groups; while Linkage Effectiveness is the perceived 
effectiveness of the Work Unit linkage with one Functional Support Group. This is 
illustrated in Figure 3-8 where the symbol ( r.J )represents the set of expectations held by 
each Functional Support Group for the Worlc1Jnit, and the unique sets of expectations 
held by the Work Unit for each Functional Support Group. 

Network Effectiveness: a Unit has task interactions with a variety of different Groups, 
such as Production Control and Shipping, to accomplish the activities required by the 
Unit's management. The Unit, in connection with each Group, has sets of expectations that 
define the task interactions with each Unit-Group pair, and these sets of expectations will, 
in general, be different for each Group because the task interactions are different for each 
Group with the Unit, for example: 

• The Unit meets with the Production Control Group5 scheduler to determine 
what sales demand the Unit must meet during the week. The Unit expects that 

5 Note: in the network example, a Group like Production Control has similar task interactions with several 
production Work Units which are not part of the Unit's network. 
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Production Control will minimize the number of rush jobs so the Unit can 
control its overtime metric. Production Control expects that the Unit will 
minimize inventory by only producing what the company has firm orders for. 

• The Unit delivers orders to the Shipping Group for customer deliveries. The 
Unit expects that Shipping will package and transport the product the same day 
so the Unit can control its on-time-delivery metric. The Shipping Group 
expects that the Unit will complete the shipping document with piece number 
and count so they do not have to verify this information. 

Since Network Effectiveness is the perceived effectiveness of the Work Unit with all its 
network connections to Functional Support Groups, the judgement of effectiveness needs 
to be made by the position in the organization that is aware of the effectiveness of the 
Work Unit and all the Functional Support Group connections. That is, not the manager of 
the Production Control Department, Shipping, or Operations but the manager of these 
managers - eg. the General Manager. At this level perceived effectiveness may be based 
on performance metrics rather than the overall effectiveness of several network 
connections. Thus, Network Effectiveness may not lead to a very satisfactory way of 
ranking Work Unit effectiveness, although a different approach is suggested, based on 
this research, in the section on Further Research. 

Linkage Effectivness: a Unit has task interactions with one Group, such as Maintenance, 
to accomplish the activities required by the Unit's management. The Unit, in its linkage 
with this Group, has a set of expectations which define the task interactions with the 
Group, for example: 

• The Unit gives the Maintenance Group a work order for an equipment repair. 
The Unit expects that Maintenance will come quickly to fix the damaged 
machine so the Unit can control its out-of-production metric. Maintenance 
expects that the Unit will have an operator available at the damaged machine 
to provide information and assistance so the repair can be rapidly diagnosed 
and completed. 

Since Linkage Effectiveness is the perceived effectiveness of the Work Unit linkage with 
one Functional Support Group. The judgement of effectiveness needs to be made by the 
position in the organization that is aware of the effectiveness of the Work Unit and the 
Functional Support Group in the linkage, that is, the Maintenance manager (for the 
example above). At this level perceived effectiveness is based on the actual relationship 
of the Work Unit and Maintenance Group relative to other Maintenance-Work Unit 
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relationships (see footnote6). Thus, Linkage Effectiveness can lead to a reasonable way of 
ranking Work Unit effectiveness. 

3.1.4 Linkage Interaction; Inter-group Consistency; Linkage Effectiveness 

The preceding three sub-sections have covered the notions of interaction, consistency and 
effectiveness with a view to the measurement and testing of the hypothesis: 

The more the perceived Inter-group Consistency, between the expectations of a work 
unit and another interacting functional group, the more the perceived Linkage 
Effectiveness of that relationship. 

This research looks at the association between consistency and effectiveness within the 
context of a model of the interaction of a work unit and another functional support group. 
The sub-sections that follow will address the specific concepts which define the 
Expectation Range Model. Then the notion of expectation sets as it relates to inter-group 
consistency will be presented. These will be followed by a method for aligning 
expectation sets of the Unit and Group, and lastly a technique for quantifying 
consistency. 

6 Note: in this linkage example, the Maintenance Group has similar task interactions with other production 
Work Units which form separate linkages with the Maintenance Group. 



3.2 Development of concept 

3.2.1 Overview 
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The Expectation Range Model (refer to Figure 3-1) considers the response, for instance, 
of a Group to an expectation from a Unit7. Their interaction, shown in Figure 3-9 below, 
can be illustrated generally as follows: 

• Task Situation: There is a situation that is defined, and re-defined, by the 
interplay of the Unit and Group during their respective pursuits of their 
assigned tasks; 

• Unit Expectation: During the accomplishment of their tasks the Unit will 
interact with the Group, and the Unit will send an expectation to the Group 
based on what the Unit needs the Group to do; 

• Group Response: The expectation will be mapped, by the Group, on to the 
alternatives which are available to the Group for their response; 

• Unit Consistency Evaluation: The Group response is evaluated by the Unit 
against what they consider to be acceptable responses relative to their 
expectation, and the Unit may send another expectation to the Group. 

Groun resnanse ................... i••'················~ • • 

Figure 3-9: Expectation-response-evaluation (XRE) cycle 

For example, a Work Unit is making high precision car parts, which are in constant 
demand, when an assembly press for one part breaks. The Maintenance Group has the 
responsibility of servicing this Work Unit's equipment. The task situation involves the 
repair of an out-of-production machine. The Work Unit fills out a work order and their 
expectation for the Maintenance Group is that they will put the Unit's repair on the 
priority list due to the immediate need for this part by the Customer. The Maintenance 
Group has one person away sick and another out of town on training. Although their 
response is to put the machine on the priority list they can not get to the repair as quickly 
as they regularly would. The Unit evaluates the response from Maintenance favorably, 
(the response is consistent with the expectation). In spite of the fact that they want 
quicker service they understand Maintenance's problem and the Unit can take other steps 
to minimize the impact on their metrics. 

7 In a similar way, the reaction of this Unit to an expectation from the Group could be presented. 
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The next sub-sections will discuss these topics in more detail. Then the discussion will 
tum to the elements of interaction, the notions that underpin the expectation-response­
evaluation cycle, concepts like: Understanding, Expectation Set, Expectation Range and 
Alternatives. 

3.2.1. I Task Situation 

The Task Situation has physical, social and formal aspects that influence interactions 
between Units and Groups, and by their existence reduce/expand the number of options 
which are available, for instance: 

• Physical: if the Unit machining car parts is in a separate building from the 
paint room Group, then these two will have restricted interaction around their 
interfacing tasks; 

• Social: a Unit with a high mix of new employees may interact more frequently 
with their support Groups as they define their relationships; 

• Formal: procedures and rules, such as safety and quality, define how Unit-
Group interactions should occur. 

The task situation evolves from past expectations that have been brought to bear on the 
current organizational circumstances. A 'structure' is formed in the task situation over 
time because things are slow to change (Bergstrom, 1995; Hare, 1976). For example, in 
manufacturing structuring of a task situation may reduce flexibility: (i) the route of a 
product through a factory is hard to change; (ii) there is a limited range of products that 
are made; and (iii) products are delivered from a vendor in certain size boxes. 

Lastly, the task situation has a general and specific nature, vis: 

• General task situation: a Unit interacts with several groups and they may view 
all specialist groups as different because they provide distinct services and 
interact around different tasks. The general task situation for a Unit is an 
amalgamation of their network of interactions - this is similar to Network 
Interaction as discussed in sub-section 3.1.1. 

• Specific task situation: a Unit interacts along one of its linkages with a single 
group - this Functional Support Group may see all Work Units that it interacts 
with as the same. The specific task situation for a Unit relates to their Linkage 
Interaction and is the focus of this research. 

Consider the specific task situation for an Assembly Unit that works with complex CNC8 

machines making high volume automotive parts, one product over-and over-again, and 
they often interact with a Maintenance Group which provides mechanical and electrical 
repair services. There is a task situation that both the Assembly Unit and Maintenance 
Group work within for activities like preventative maintenance and emergency repairs. 

8 CNC is Computer Numerical Control. a piece of equipment with actions controlled by a computer. 



They must communicate and understand what they want from each other to effectively 
complete their tasks. 

3.2.1.2 Unit Expectation 
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When an Expectation is expressed it is intended to increase (or decrease) the frequency 
of an acceptable (unacceptable) behaviour happening. That is, when a Unit asks a Group 
to do something, the Unit wants the behaviour expected by the Group to take place more 
often. 

Most of what goes on in a task situation is a negotiation - expectation and response -
where a Unit has some task related need that they expect the Group to satisfy, and the 
Group is, to some extent. willing to be flexible at arriving at a solution (response) which 
is reasonable (consistent) for both parties. On the other hand, negotiation is also a 
willingness on the part of the Unit to adjust their range of acceptable behaviours to 
accommodate the response of the Group. 

3 .2. 1.3 Group Response 

A Response is the actual behaviour that occurs in an interaction as the result of an 
expectation and may have some of its roots in past experiences and relationships. For 
example, if the Assembly Unit asks the Maintenance Group to explain why a failed 
machine shut-down, so they might prevent a reoccurrence, and the Maintenance Group 
responds "no," then they might be considered by the Unit to be unreasonable. However, 
an explanation by the Group of their view of their issue - Units go too far in self-repairs 
and this can cause problems - may broaden the Unit's understanding and lead to other 
ways of dealing with the Maintenance response. How a Group responds affects the Unit's 
view of the Group and may change the task situation. 

3.2.1.4 Unit Consistency Evaluation 

Both parties in the Unit-Group pair evaluate the consistency of their partner's response to 
their own expectation - see Inter-group Consistency and Linkage Effectiveness 
previously introduced in sub-section 3.1.2 and 3.1.3 respectively. How a Group responds 
to a Unit's expectations, and how a Unit responds to a Group's expectations, influences 
their view of how effective their relationship is. As Heider, (1959) might have pointed 
out, when a (Unit) responds in a negative way relative to group expectations then a poor 
relationship can develop which leads to work delays and uncooperative behaviour. If the 
Unit's response is negative it means that the expectation of the Group may not be 
satisfied and an uncompromising position can lead to conflict. Agreement, on the other 
hand, means that both Group and Unit concur, are consistent, on what is an acceptable 
action to be taken by the Unit. 
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3.2.2 Elements of Interaction 

Interaction is the two directional expectation-response-evaluation cycle between a Work 
Unit and a Functional Support Group relative to the task situation (see Figure 3-10). 
Every connection is designed for some level of coordination which results in expectations 
(Hare, 1976). "The structure of the organization is the pattern of actual recurring 
behaviours .... " (Kahn, 1974) 

Interaction is about adjustment, the adjustment to expectations. mutual adjustment. It 
becomes critical, for instance, in lean organizations to know more about what is going on 
so the Unit-Group linkages can respond quickly to changes. This understanding helps 
them to modify their expectations to reflect the current task situation. 

Grouaresaana ......................................... 

• • 

• • 

~ ..................................... .. 
Unit response 

Figure 3-10: Two-way Interaction 

Unit's expectations belong to themselves, not necessarily to both parties in an interaction. 
The Group may recognize that some issue is important to the Unit but it may not be 
important to them. For the Group another expectation is important. and the Group's 
expectations may not be among the Unit expectations. Each group has their own 
expectations for each other. independent sets of expectations, that are trying to work 
together. A Unit-Group linkage evolves as they interchange, and in this way they develop 
their own model of what is happening and how they should interact and coordinate 
(Mintzberg, 1979). 

The next sub-sections will expand this discussion of the Expectation Range Model to 
consider how an understanding of the task situation leads to expectations, responses and 
evaluations on the part of both the Unit and Group. 

3.2.2.1 Understanding 

Understanding is the extent to which, for instance, the work unit is aware of the task 
situation they interact within (see the Figure 3-11). A Unit may understand a task 
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situation for several reasons, for instance: they have worked on certain tasks for some 
time and had interactions with a Functional Support Group in the linkage which has given 
the Unit experience; or the Unit may have understanding because they have worked in the 
group; or received skills training. As a result of 'understanding' the Unit begins to 
prescreen their expectations to highlight those that assist them to accomplish their tasks. 
They also may adjust their expectations based on their understanding about what the 
other group has to do. Understanding the task situation of another Group is critical to 
being an effective work unit (Ancona, 1990). An effective Work Unit has a cognitive good 
model of the whole task situation and how they should fit together with the Group in their 
linkage. 

Figure 3-11: Understanding 

3 .2.2.2 Expectation Set 

An Expectation Set is all of the expectations held by a Work Unit for the other 
Functional Support Group in their linkage. Both the Unit and the Group have their own 
set of expectations for each other based on their understanding of the task situation, and 
the set of expectations from the other acting on them. The Work Unit's expectation set, as 
will be presented later, determines whether a response to their expectation is acceptable 
or not, and how a new expectation from the Group is responded to by the Unit. 

For example, The Maintenance Group receives an expectation from the Unit to fix a 
machine along with other expectations from other Work Units in the factory. The 
Maintenance group will respond differently if there are no other demands (takes them 1 
hour to respond) or if they have several demands (it may take 5 hours to respond). If the 
Unit needs the machine fixed to meet a customer order which is already late and the 
Maintenance Group responds in 1 hour it is acceptable to the Unit (see the Figure 3-12 
below, for the Work Unit Expectation Set, and the first expectation), but 5 hours is 
unacceptable. 
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• quick/fast response to the most imponant problem. 
• put us on the priority list if we have a major problem 
• fix the machine fast and efficiently, properly 
• stay with us for a few cycles to make sure it is OK 
• let us know now much time it will be missed when they plan to do something. 

Figure 3-12: Work Unit Expectation Set 

• clean machine before calling Maintenance 
• exactly state the problem and stay around until we understand what is happening 
• have person available if we need help like lifting 
• always do TPM, oil and filter changes, minor maintenance 
• when a new member comes in. teach them 

Figure 3-13: Maintenance Group Expectation Set 

From the case study, the boxes in Figures 3-12 & 3-13 respectively, give an expectation 
set of the Work Unit for the Maintenance Group; and an expectation set of the 
Maintenance Group for the Work Unit. Clearly, these expectation sets are not the same. 
However, depending on their understanding of the other's expectation set and the task 
situation they may share each other's expectations. The degree of overlap of their 
expectation sets is part of the measure of the extent of their consistency, as will be 
presented later. 

3.2.2.3 Expectation Range 

An Expectation Range, for one expectation from the Expectation Set, is the criterion for 
evaluating the acceptability of responses. 

Figure 3-14: Expectation Range 
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For the Unit there are two regions of interest in an expectation range: (1) a span of 
acceptable responses or behaviours that the Unit would ideally want to happen from the 
Group; and (2) a span of unacceptable or minimum response that beyond which the Unit 
would not tolerate from the Group, Figure 3-15. Upon the expectation range is 
superimposed what actually happens or reality. That is, the actual response falls in the 
expectation range and impacts how the Group's response is viewed by the Unit. This is 
the evaluation aspect of the XRE cycle. 

Unacceptable 
I 

75% 

Actual 
I Acceptable 

I --m • 
87~ 95% 

The Actual rNponse falls in the Acceptable range 
and is SNn as positive relative to the expectation. 

Figure 3-15: Acceptability in the Expectation Range 

To recap, the expectation-response-evaluation (XRE) cycle, for the Unit, is: 
• The Unit formulates a task need as an expectation and sends it to the Group; 
• The Group responds from the alternatives available to them at that time; 
• The Unit receives the actual response from the Group and evaluates it for 

acceptability against the Unit's expectation range, such that, an acceptable 
response is consistent with the Unit's sent expectation or an unacceptable 
response is not consistent with the Unit's sent expectation. 

Consider the example of one Work Unit expectation from their Expectation Set, (see 
Figure 3-12), for this part of the discussion, vis: 

"After Maintenance fixes a machine they should stay until it cycles 
to assure that it is working correctly.• 

The Work Unit wants the behaviour of "staying for a cycle" to happen more often, and it 
would be perfect if it happened 95% of the time (see Figure 3-15). When the 
Maintenance groups fixes a machine and runs off, the work unit often has additional 
problems that could have been quickly fixed. It is not acceptable for Maintenance to stay 
less than 75% of the time. Actually, the maintenance group stays about 87% of the time, 
so the work unit sees the Maintenance group's behaviour as positive. 

However, referring to Figure 3-16, during quarter end loads, the work unit can not afford 
to be down at all, so in this situation the work unit sees it as unacceptable for the 
Maintenance group to leave before a cycle test - anything less then 90% is unacceptable, 
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and will be viewed as negative by the work unit. In effect the work unit wants to push the 
actual behaviour of the Maintenance Unit away from the unacceptable area. 

Actual 
Unacceptable I 

I 
Acceptable 

I iFI 

95% 
The Actual responu falls out ol the Acceptable range 
and is ... n as negative Nlative to the expectation. 

Figure 3-16: Unacceptability in the Expectation Range 

When this expectation is communicated by the work unit to the maintenance group, the 
Maintenance group's response is evaluated against this range -the succession is: the 
expectation is communicated by the work unit; the Maintenance group response comes 
back; and the response is evaluated against the expectation range. An expectation comes 
from the unit's understanding of the task situation, and they feel that given their situation 
they are reasonable in the expression of this expectation. As new product load 
requirements, for example, hit the work unit this expectation range changes to address the 
new demands. For Maintenance, they may view that their task situation has not changed, 
so if they do not know the work unit's quarter-end situation they can not respond 
correctly. New understanding of the task situation modifies the alternative responses, as 
will be presented in the next sub-section, and is part of negotiation process where 
adjustments take place. 

When the response to an expectation arrives, if it falls into an acceptable region, it will be 
viewed as positive, then the relationship may stay the same or improve. On the other 
hand, if the response to the expectation falls outside of the acceptable range, and the work 
unit thinks what they are asking is reasonable then their view of that action is negative, 
and it may push the relationship off in a negative9 direction. As the response moves into 
the unacceptable area, tolerance is stretched and forces increase to move the behaviour 
back into the acceptable area. (Vroom, 1964; Galbraith, 1967) 

3.2.2.4 Alternatives 

Alternatives are the set of responses available to a Work Unit. They are the behaviours 
that the Unit has determined that it can, or is willing to, apply to expectations from the 
Group. These alternatives arise out of the Unit's understanding of the task situation, and 

9 If, for instance, the relationship was already negative then an W1acceptable response may confirm the 
Unit's impression that the Maintenance Group does not respond responsibly. If their relationship is positive 
then it is more likely to lead to flexibility in alternative responses and a willingness to deal with different 
expectations. 
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the importance and prioritygiven to the expectations in their Expectation Set, (as will be 
presented later). 

--
~-------------------------------------■-

Figure 3-17: Alternative Responses 

It takes time to learn all the sights, sounds and smells that define Unit-Group task 
situation: to experience all the issues; to define the set of alternatives that are the know­
how of recovering from problems. The more a Unit works with and understands the other 
Group, the more the Unit may like them and consider alternatives to deal with problems 
they have, and the more confidence they may have in each other. Situations are dynamic 
and at times require extra behaviours which are beyond the immediate job situation of a 
Group. Heider (1956) showed that similarity of goals or working together frequently leads 
to more flexibility. 

On the other hand, flexibility can be reduced because of the inherent structure of the task 
situation, relationships don't matter, (the Group has to do what they have to do anyway). 
Additionally, flexibility in a relationship may be reduced because it has become 
sufficiently negative, a Group may do enough to just cover themselves or might even do 
the job such that it will hurt the Unit. For example, the Maintenance Group may think: 
"We will drag it because we don't like the Unit due to the expectation the Unit has of us 
... the Unit is never thankful of our efforts!" The Maintenance Group may come and fix 
the Unit's machine late, justifying it by saying ''We are busy." 



3.2.2.5 Evaluation of Consistency 

Some authors have referred to a 'gap' between what is expected and what is received, 
(Porter, 1968), or, as has been presented in this research, the range or degree of 
consistency between the Unit's sent expectation and the Expectation Range that 
represents 'acceptable' behaviour on the part of the Group and the reality of the actual 
Group response. 
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Consistency for the Unit, for instance, depends on the extent to which responses from the 
Group, to the Unit's expectations, fall into an acceptable range. This comes from an 
understanding of the Task Situation which leads to an alignment of the Unit and Group's 
Expectation Sets. That is, a Group can make sure their response falls in the Unit's 
acceptable region by having a better understanding of the task situation and the Unit's 
Expectation Set. They make sure that they responded to the Unit in a way that will be 
acceptable to the Unit, and avoid the unacceptable ones. However, if the Group does not 
have an understanding of the Unit's Expectation Set, then a lot of times the Group will 
make mistakes because they just don't know. The Group does not mean to do the 
unacceptable, they may think it is acceptable to the Unit. 

Interaction involves the two-way communication of expectation sets (see Figure 3-18). 
Responses to expectations fall into expectation ranges, and these ranges evaluate the 
acceptability of the response. As will be presented in the next sub-section, when the Unit 
and Group share expectations then responses may more frequently fall into each other's 
Expectation Ranges and be acceptable to the other linkage partner. 

• • • 
------~·-················· ·············1···--

Figure 3-18: Expectation Range Model: two-way interaction 
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From the Unit's perspectived consistency is relative to the successful interactions with 
another Group - the degree of consistency with the expectations for, and of, the Group. 
For instance, a product manufacturing Work Unit can not be fully effective if it does not 
have a consistent relationship with the Maintenance group that supports its machines. 

This discussion has focused on the Unit, however, the same concepts can be applied to 
the Group (Figure 3-18). The next sub-section will present in more detail how individual 
expectations, from the expectation sets of the Unit and Group, are shared. 
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3.3 Elements of Expectation Sets 

A Unit and Group each have a set of expectations that they hold for the other they interact 
with. Any one expectation in an Expectation Set can initiate an expectation-response­
evaluation cycle, where the Expectation Range is used to access the degree of 
consistency between the sent expectation and the response received. This sub-section will 
delineate the relationship between a Unit/Group Specific Expectation Set and an 
Expectation Range. 

Work Unit Functional Group 

1 

, 

Specific 
Expectation Se 

Combined 
Expectation Set 

Comprlsal 
Expectation Set 

Precedence 
Expectation Set 

Expectation 
Range 

Figure 3-19: Expectation Sets & Ranges 

In Figure 3-19 above the bars in the Specific Expectation Sets represent individual 
expectations held by the Work Unit or the Functional Support Group. The single wide 
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gray bar and narrow gray bar represent, for the Unit and Group respectively, a cenain 
expectation that will be followed in this discussion. For example, the Unit's expectation 
might be: 

·rhe Group should train the Unit on how to fix minor problems 
with their machines.■ 

Further, as this discussion progresses the example of a Work Unit making Circuit Packs, 
and a Group providing maintenance suppon for the Unit's insenion machines will be 
used for illustration of each element in the succeeding sub-sections. 

3.3.1 Specific Expectation Set 

A Specific Expectation Set is what, for instance, the Unit wants or does not want the 
Group to do. Put another way, the Work Unit has expectations for the Functional Suppon 
Group about what is good, or not-so-good, for the Group to do. These expectations are 
based on their task situation (eg. their past experiences) with the Group. 

\Vhen the Group does what the Unit expects, or better, then the Unit can achieve their 
goals. For that panicular response the relationship could be considered to be acceptable, 
although the response to other expectation may not be what is expected and the 
relationship may be regarded for that expectation to be not acceptable. 

For example, in the Circuit Pack Unit's Specific Expectation Set there is the expectation: 
"The Maintenance group should train the Circuit Pack Unit on how to fix minor problems 
with their insertion machines." (This can be visualized as the blue bar in Figure 3-19). It 
is originated by the Work Unit in a effort to gain more control over the down time of their 
process. The more they know, the better production rate they have, and the more bonus 
they can earn. This is a critical item for the Work Unit. On the other hand, training might 
not be in the Maintenance Group's Specific Expectation Set because it does not directly 
contribute to the accomplishment of their goals. 

3.3.2 Combined Expectation set 

Both the Unit and Group Specific Expectation Sets together represent all of the 
expectations held by the two partners in the interaction and will be called the Combined 
Expectation Set. It can also be viewed as what the Work Unit and Functional Support 
Group should both know about each others' task situation if they had perfect 
understanding 10. With it both partners in an interaction would have access to all of the 
expectations from both groups and they could each try to satisfy all of the other groups' 
expectations. Unfortunately, they do not have perfect understanding, or they may choose 
not to consider some of the other group's expectations to be valid or important. 

10 The extent of interaction. for example, how often they work together, daily or monthly, as well as power 
positions, resources etc. dictates the extent to which 'perfect' understanding exists. 



In the example, the Maintenance Group has in their Specific Expectation Set the 
expectation: "the Work Unit should not reset equipment fault indicators when a process 
goes down." (This can be visualized as the green bar in Figure 3-19). The Combined 
Expectation Set places this expectation with others from the Work Unit and the 
Maintenance group. 

3.3.3 Comprisal Expectation Set: Concept of Importance 
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Realistically, the Work Unit and the Functional Support Group are more concerned about 
issues that affect their individual self interest, the welfare of their own Unit/Group and 
Management. However, there is a sub-set of shared expectations that the Unit and Group 
recognize are important to support their interaction within the task situation. 

From the Combined Expectation Set there is a smaller Comprisal Expectation Set which 
contains expectations that both the Work Unit and the Functional Support Group share -
the same expectations - ones that they see as important, expectations that are of 
immediate impact on the achievement of their goals. 

In the example, both the Circuit Pack Unit and Maintenance share the expectation about 
training, they feel that it is an important expectation for the Unit to have and for the 
Maintenance Group to fulfill. Maintenance feels that if the Circuit Pack Unit is better 
informed, when they try to fix a machine without calling Maintenance, the Unit will more 
likely do it correctly and not "Mess thing up" so it takes longer if the Maintenance Group 
then needs to come and repair it. 

3.3.4 Precedence Expectation Set: Concept of Priority 

Although the Unit and Group agree that a certain expectation is important they may not 
each give it the same priority. That is, the Work Unit may feel that it is the number one 
issue for their success, and that even through the Maintenance Group feels that it is 
important they may give another expectation the number one priority. The Unit and 
Group give its own priority to their Comprisal Expectation Set, based on their own goals, 
but taking into account the needs of the other partner. They may even negotiate a balance 
in their priorities to optimize the Task Situation. 

The Unit or Group will have its own Precedence Expectation Set based on its own 
priorities. As an example, the Circuit Pack Unit places the training expectation very high 
in their Precedence Expectation Set because equipment failures is the main cause of lost 
production and most problems are simple to correct with proper tools and a little on-the­
job training. On the other hand, the Maintenance Group agrees that the training 
expectation is important but does not give it a very high priority because .. a little 
knowledge can be a dangerous thing" when the Unit tries to diagnose failures on their 
own. The Maintenance Group gives high priority to the expectation of "not re-setting 
fault indicators on machines" because when the Unit tries to fix a machine and re-sets a 



fault indicator the Maintenance Group has a difficult time finding out what the original 
failure conditions were. 

3.3.S Expectation Range: Concept of Acceptability 

For each expectation in a Precedence Expectation Set the Work Unit, or the Functional 
Support Group, will have their own Expectation Ranges. 
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In the expectation-response-evaluation cycle, an expectation from, say, the Unit is sent to 
the Group which responds from the alternatives available to them. Conditions such as 
experience, frequency of interaction, financial pressures, or other considerations, combine 
together to define their understanding of the alternative responses which the Group has 
for their partner in the linkage. Their 'actual' response falls into an acceptable (un­
acceptable) range of the expectation sending Unit. Expectation Range is used to judge to 
what extent the response is consistent or not-consistent with the sent expectation. 

Work Unit 
Actual D Acceptable 

• Unacceptable 
90% 

75% 
65% 

Figure 3-20: Range for Fixing a problem 

For example, the Work Unit feels that it is acceptable (ideal) if the Maintenance Group 
would train them 90% of the time that they come to fix a problem. It is unacceptable to 
do it less than 60% of the time, because they can not fully utiliz.e their preventative 
maintenance time allocation and will loose out on their budgeted dollars. Actually 
training is done 65% of the time. Maintenance has a different view. Training can cause 
problems, the Maintenance people are licensed professionals and the operators can 
Wlknowingly create a safety risk. Maintenance prefers (acceptable ideal behaviour) that 
training occur 75% of the time. However, they just don't have time, and they feel that it 
would only be unacceptable if training occurred less than 30% of the time. 

3.3.6 Elements of Interaction and Expectation Sets 

Figure 3-21 will pull together the notions outlined in sub-section 3.2.2 and this sub­
section. That is, the Expectation Range Model has certain elements that support the 
interaction succession that has been referred to as the expectation-response-evaluation 
cycle, and these notions are presented on the right hand side of the figure. On the left 
hand side of the figure are the elements discussed in this section on elements of the 
Expectation Set. This figure, then, illustrates how the concepts of the Expectation Range 



Model become operational in the sets of expectations held by the Work Unit and the 
Functional Support Group, vis: 
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l. The Task Situation is a milieu of the Combined Expectations which could be 
held by the Unit and Group as a result of their linkage; 

2. A common Understanding comes out of their interaction and the selection of a 
sub-set of shared (Comprisal) Expectations; 

3. Each group has an Expectation Set which is recognized as a priority for the 
group to accomplish their goals, the Precedence Expectation Set; 

4. These expectations have ranges of acceptability for either the Unit or Group, 
what has been referred to as the Expectation Range. 

Specific 
Expectation 

Work Unit 

t 

Combined 
Expectation Set 

Comprisal 
Expectation Set 

Preceden 
Expectation t 

Expectat on 
Ran 

unctional Grou 

-====' ---· ----·· --

Tak 
Situation 

Expectation Set 

Expectation 
Range 

Figure 3-21: Expectation Sets in the Expectation Range Model 

The next section will look deeper into the notion of the Expectation Range and how it can 
be used to evaluate consistency of expectations between the Unit and Group. 



3.4 Overlapping Expectation Ranges 

3.4.1 Expectation Range Landmarks 
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Both the Work Unit and the Support Function have ranges with segments termed 
Unacceptable and Acceptable as described in sub-section 3.3.5. However, for the same 
expectation they may view the task situation differently. 

Unacceptable I 
Actual 

Unacceptable 

77% 

180% 

I Acceptable 

A I 
(Ideal) 

ctua 

Figure 3-22: Three Range Landmarks 

There are three 'landmarks' which can be considered for each Expectation Range: 
Actual; Acceptable (preferred ideal); and Unacceptable. For example, referring to Figure 
3-22 aoove, if the expectation by the Work Unit is for the Maintenance Group to ''come 
quickly to fix a broken machine," the Work unit may feel that 2 hour service would be 
acceptable (ideal) if it happened 90% of the time, but not always necessary; and that less 
than 75% is not acceptable due to month and quarter-end production loads. On the other 
side, Maintenance feels that there are so many new lines being installed and supported, 
that to respond with 2 hour service is not likely. To give 2 hours service 80% of the time 
is acceptable (ideal), and unacceptable if it dropped below 60%. Currently the actual 
percentage of the time that Maintenance responds with 2 hour service is about 77%. The 
Unacceptable and Acceptable landmarks bound the expected range of acceptable 
behaviours, illustrated in Figure 3-22 as a blue and orange oval for the Work Unit and 
Maintenance Support Function respectively. (Note: the 'oval' graphic will be used in this 
discussion to represent the Expectation Ranges.) 

Actual behaviour can be measured, or is apparent to both parties, but their own 
interpretation of the range depends on their own view of the task situation and may not be 
understood by the other group. For example: (1) The Work Unit feels that 2-hour-service 
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understood by the other group. For example: (I) The Work Unit feels that 2-hour-service 
is acceptable if it falls in the frequency range of 75% to 90%. It is unacceptable for the 
frequency of 2-hour-service to fall below 75%. Clearly, the response of the Maintenance 
group will be seen as more effective as the actual behaviour falls closer to the 'high' end 
of the range, near 90% of the time, or happens more often. The actual response falls 
around 77% of the time, close to the unacceptable end of 75%. From the point of view of 
the Work Unit only, the relationship may be perceived as not-so-good. (2) The support 
function feels that 2-hour-service is acceptable if it falls in the frequency range of 60% to 
80%. It is unacceptable for the frequency of 2-hour-service to fall below 60%. Clearly, 
the response of the Maintenance group will be seen as more effective as the actual 
behaviour falls closer to the 'high' end of the range, near 80% of the time, or happens 
more often. The actual response falls around 77% of the time, close to the acceptable end 
of 80%. From the point of view of the support function only, the relationship may be 
perceived as very good. 

3.4.2 Combining Expectation ranges 

The inter-group effectiveness of the relationship is not the Work Unit's view or the 
Support function's view only, it is a blending. Referring to Figure 3-23 below, the actual 
response can be used to align the expectation ranges because it is what is happening 
independent of the Work Unit or Support function task situations. The 'actual' is a 
landmark that can peg the behaviours ranges relative to one and other, that is, they each 
have different ranges based on how they view the task situation, but the response is 
something that is a shared experience. 

Referring to the lower part of the figure, an overlap of the ranges can be demarcated -
shaded area - to show the extent to which the expectation range of the Work Unit and 
Support function are the same. 

Unacceptable I Acceptable 

Actual 

t I Acceptable 

Actual 

Work Unit 

Support Function 

Figure 3-23: Alignment of Actual Response 



46 

3.4.3 Consistency and overlapping ranges 

Overlap is indicative of the amount of consistency between the Work Unit and Support 
Function expectation ranges. To continue from the example on 2-hour-service: The Work 
Unit will fight if the service drops below 75%, and the Support function will cut-off 
further service above 80%. So these actions in response to the expectation have resulted 
in a narrow band of acceptable behaviour between 75% and 80% in which the actual 
behaviour falls, at 77%. There is a small area of overlap, which means potentially a lot of 
inconsistency. The Work Unit would like 2-hour-service to happen much more often, and 
the Support function feels that they are providing excellent service and if anything would 
like to respond with 2-hour service less often. Because the overlap is so small it is likely 
that the actual will frequently fall in the Work Units unacceptable area, below 75%. This 
will make them very angry, negative, towards the Maintenance group "They never come 
when they say they will!" However. service below 75% is OK for the Support function 
"Hay, we got to the Work Unit as soon as we could, there are other priorities besides the 
Work Unit!" 

Work Unit 

""" 75%J 

> 
Unacceptable ti/ Acceptable 

60% ~80% 
C ;II 

(Ideal) 

Unacceptable I Acceptable 
(Ideal) 

Actual 

Support Function 

Figure 3-24: Overlapping Ranges 

It is important to understand that a relatively narrow 'overlap' may have more instances 
of responses falling in the unacceptable area than a wider overlap. As illustrated in Figure 
3-25 on the next page, a wider overlap means more perceived consistency between the 
two group's expectation ranges. This can come about in several ways, for instance, the 
Work Unit can get better information, understanding, about the service capabilities and 
demands on the Support function. For example, the Maintenance group has the new XJ-
15 product line being installed which will take several of their staff away from service 
response tasks, in addition, a maintenance worker had an accident when a die fragmented 
and will be away for the rest of the week. Taking these changes in the task situation of the 
Maintenance group into account in the formation of the expectation range of the Work 
Unit, the Work Unit can modify their unacceptable land mark to, say, 65% and arrange to 
take alternative actions when a machine failure occurs. This modification of their 
expectation range creates more overlap, due to the understanding of the changes to their 
interaction with the Maintenance group, and thus a higher degree of consistency. 
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At this point in the discussion in should be recognized that one measure of the degree of 
consistency between the Unit and Support is defined as the degree of overlap of the set of 
expectation ranges of the interacting groups. Other measures will be presented in the next 
sub-section. 

support 
g Unit 

Perceived Consistency 
relative to the overlap of 
the Acceptable Ranges for 
Work Unit and 
Support Function. 

___ I I -- More overlap I I More consistency 

slon VJ' => 

Figure 3-25: Perceived Consistency 



3.5 Quantification of Consistency 

3.5.1 Overview 
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The diagram below (Figure 3-26) shows the expectation sets and ranges for a Work Unit 
and a Support Group as presented in the previous sub-section 3.3, and the corresponding 
concepts of importance, priority and acceptability along the right hand side. To facilitate 
this discussion on the quantification of these concepts an example of the expectations in 
the expectation sets, such as presented in Figure 3-27, will be used. The blue and green 
ovals represent the expectations, and their ranges, of the Work Unit and Support Group 
respectively. 

Work Unit Support Group 

----- Group specific 
---1 expectation Ht 

Combined 
• expectation HI 

Comprl•I } 
expectation HI 

} 
-y} 

Figure 3-26: Expectation Sets and Ranges 

The Group Specific Expectation sets for a Unit and a Group together represent the 
Combined Expectation set. The example in Figure 3-27 shows that the Unit holds 
expectations designated as (1) to (5); and the Group holds expectations (I) to (3), as well 
as, (6) & (7). These are their Specific Expectation sets. 



All of these expectations, ( 1) to (7), together are their Combined Expectation set. The 
Unit and Group share expectations (1), (2) & (3). Only the Unit has expectations (4) & 
(5); while only the Group has expectations (6) & (7). 
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Figure 3-27: Specific & Combined Expectation Sets 
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In this example, there are three expectations which have been ranked by the Unit and 
Group - i.e.: priority #1 to #3 on the left side of the chart in Figure 3-27. The Unit has 
given priority to expectations (1) to (3); and the Group has given priority to expectations 
(1), (3) & (6). (Note: Priority is intended to mean that, in this example, they have ranked 
3 out of their 5 expectations.) 

The next sub-sections will continue with this example to explain and quantify the 
concepts of importance, priority and acceptability. But first, the notion of overall 
perceived consistency will be presented. 
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3.5.2 Perceived Consistency of the linkage 

From this research the overall Perceived Consistency (C) of the linkage between a Work 
Unit and Support Group is presented in Equation #1. It is broken into three 'terms' which 
reflect more refined 11 views of consistency. That is, 

I. Term #1 (C1) determines the extent to which the Unit and Group share similar 
expectation sets (Concept of Importance); 

2. Term #2 (C2) determines, given that they share expectations, the extent to 
which the Unit and Group give the expectations similar priority (Concept of 
Priority); and 

3. Term #3 (C3) determines, given the Unit and Group share expectations, the 
extent to which they have the same expectation ranges (Concept of 
Acceptability). 

4. Weight (wi) proportions the contribution of the Ci terms and is discussed in 
Appendix 8.5.6.1. 

C -
V[ wt Ct J~ (wiC2 ]2+[ w3c3J2 

V hJ2 + [wiJ2 + [ wJ
2 

where: W· 1 
is a relational weight 

C-1 
is a consistency term 

I ;;:: C·> 1- 0 
1 - 1,2,3 

so: 1 > C ;;:: 0 

Equation 1 : Perceived Consistency of the Linkage 

Each term can be viewed as representing a coordinate in the solution space, as illustrated 
in Figure 3-28 (with the assumption that the weights are all the same), such that the 
largest C-value would be the most consistent situation. 

11 More 'refined' means: Term #1 requires only the agreement by the Unit and Group on the expectations 
that are important; Term #2 requires agreement on the priority of the important expectations; and Term #3 
requires agreement on hew the important expectations arc view relative to the common task situation. 
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The intention of this research is that the Perceived Consistency be presented as a score 
between O and 1, no consistency and total consistency respectively. The terms C1 to C3 

provide scores between O and 1, which are similarly interpreted as no consistency and 
total consistency respectively, for the considerations outlined in the sections that discuss 
them. The relational weights (W 1 to W3) give preference to the terms that contribute to the 

performance of the Perceived Consistency (C ) score. 

Most Consistency 
Most expcccations the same; 
Most priorities the same; 

. Full overlap 
Least Consistency 
Few expectations the same; 
Few priorities the sam • -- = 
Little overla 

C1 Importance 

Figure 3-28: Perceived Consistency 

Each of the terms (C1 to C3) are discussed in the succeeding three sub-sections. 
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3.5.3 Term #1 {C1): Concept of Importance 

Term #1, of Equation #1, measures the agreement by the Unit and Group on the 
expectations in the Combined Expectation set that are important. In the example below, 
Figure 3-29, only the expectations that are shared remain in the Comprisal expectation 
set. That is, the expectations ( 4) & (5) were only selected by the Unit so they have been 
eliminated for the Unit; and the expectations (6) & (7) were only selected by the Group 
so they have been eliminated for the Group. 

Comprisal Expectation Set 
(Concept of Importance) 

Work Unit (WU) Support Group (SG) 

Figure 3-29: Comprisal Expectation Set example 

In deriving a quantitative representation of this concept it is recognized that the Work 
Unit and Support Group do not have expectations of their own, they are the composite of 
the expectations of the persons who are members of both groups. 

,. 

kU 

That is, each member of a \Vork Unit interacts, to some extent, with one or more 
members of their Support Group such that there is a paired-agreement on the expectations 
that are important to both the Work Unit member and the Support Group member. 
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As a 'general case study12 • example, assume that there are 16 expectations in the 
Combined Expectation set, and a member of the Work Unit (W1) and the Support Group 
(S) select 5 expectations that they feel are the most important. The Work Unit member 
and the Support Group member can choose the same or different expectations. If both the 
Work Unit member and the Support Group member choose all different expectations then 
there would be 10 unique expectations and this research considers there to be no 
consistency in the alignment of their expectations. (Refer to the left side of Figure 3-30.) 
NOTE: the Comprisal Expectation set only contains expectations that are shared by both 
the Unit and Group. 

10 expectations 

t No Consistency 

7 expectations 5 expectations 

Total Consistency t 
Figure 3-30: Selection of important expectations 

However, if both the Work Unit member and the Support Group member choose all the 
same expectations then there are 5 unique expectations in the Comprisal Expectation set 
and this research considers there to be total consistency in the alignment of their 
expectations. Thus, a numeric score can be calculated which can represent the paired-

12 The two case studies, presented in other sections to test this model, use a 16 expectation questionaire, 3 
Work Unit participants and I Support Group person. 
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agreement for all pairs of Work Unit members with Support Group members (Figure 3-
31 below presents the same three cases for 3 Work Unit members and I Support Group 
member). This research proposes that the scores for each paired-agreement be Averaged, 
and a Deviation be used to take into account the variation in cases which may have the 
same average score - i.e.: small variations are preferred in cases with the same average. 

=10 

0G)=10 
OQ=10 

=7 

=6 

=7 

0=5 

0=5 

0=5 
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Deviation: 

10 

0 
6.67 
.44 

Figure 3-31: Paired agreements on importance 

2n - (Ave1 + Dev1/61) 

n 
where: o = constant to size Dev to act as tie breaker 

5 
0 

n = number of important expectations selected 

Equation 2: Term #1 (C1) of Equation 1 

The general formula for Term #1 (C1), above, calculates a score for the expectations that 
are shared between groups. There is a penalty in consistency for not understanding each 
other's expectations. If a Unit does not understand a Group's expectations, for instance, 
then they respond inconsistently because the Unit can not be as effective in the selection 
of their responses - they do not have alternative behaviours available to offer. 
Several things should be noted about the formula: 
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I. Since a fewer number of expectations in the Comprisal Expectation set 
indicates a higher degree of alignment, and the intention of this research is to 
have a total score for all consistency measures (C1 to C3) such that a higher 
number represents more consistency, the factor '2n' is used to invert the 
direction of the scale. 

2. The intention of this research to have all consistency measures (C1 to C3) 
present a score between 0 and 1, no consistency and total consistency 
respectively, is accomplished by the denominator. 

3. The main determinate of consistency for C 1 is the 'Ave' calculation presented 
below. The 'Dev' term is used as a tie breaker, and the constant •a· is intended 
to assure that Dev does not influence the Ave ordering (Note: a was set at I 00 
for the case studies presented in latter sections of this paper). 

The formulas for Ave and Dev are presented below. 

S W E 

A 
f'. ,}. ?;l { Se<+ wew - Sa wew} 

ve1=------------­
s * w 

where: E = total number of expectations in the Combined Expectation set 
S = total number of Support Group persons providing 

expectation selections 
W = total number of Work Unit persons providing expectation selections 

s w 
L L 
s =1 w =1 

I, if expectation e is selected by Support person s 
0, otherwise 

I, if expectation e is selected by Work Unit person w 
0, otherwise 

s *w 
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3.5.4 Term #2 (C1): Concept of Priority 

Tenn #2, of Equation # 1, measures the Unit and Group to prioritize the expectations in 
the Comprisal Expectation set. In the example below, Figure 3-32, only the expectations 
which are shared and have been assigned priority by both groups remain in the 
Precedence Expectation set. That is, expectation (1) & (3) are shared by the Unit and 
Group, and both groups have assigned them a priority. However, expectation (2), 
although shared by both groups, is given priority by the Unit but not by the Group. The 
reason why the Precedence expectation set drops expectation (2) is that if one group does 
not give the expectation priority, then even though it may be shared, it does not contribute 
significantly to the determination of the consistency of the relationship. 
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Figure 3-32: Precedence Expectation set example 

In deriving a quantitative representation of this concept it is recognized, as in the previous 
sub-section 3.5.3, that the Work Unit and Support Group do not predetermine 
expectation priorities, they are the composite of the expectations of the persons who are 
members of both groups. That is, each member of a Work Unit interacts, to some extent, 
with one or more members of their Support Group such that there is a paired-agreement 
on the expectation priorities for both the Work Unit member and the Support Group 
member. 
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In the 'general case study· example in subsection 3.5.3, it was assumed that there were 
16 expectations in the Combined Expectation set, and a member of the Work Unit (W1) 

and the Support Group (S) selected 5 expectations that they felt were the most important. 
The Work Unit member and the Support Group member could choose the same or 
different expectations. In this subsection, both the Work Unit member and the Support 
Group member assign priority-weights13 to the 5 expectations they selected as important 
- the ones that are shared and given priority will become the Precedence Expectation set. 

Priority-Weight 

Expectation 2 

Expectation 3 1 

1 

Figure 3-33: Assignment of Priority-Weight to expectations 

If one Work Unit member and one Support Group member choose all the same 
expectations and give these expectations all the same priority-weight, then the sum of the 
priority-weights will be maximum 14 and this research considers there to be total 
consistency in the alignment of their expectations. Similarly, if all Unit-Group pairs (eg. 
W1 & S; W 2 & S; and \V3 & S) choose all the same expectations and give these 
expectations all the same priority-weight, then the sum of all Unit-Group pairs' priority­
weights will be maximum. Figure 3-34 below shows intermediate conditions, where there 
is 'little' consistency through to 'more' consistency in the Unit-Group pairs. That is: 

• on the left hand side of this figure, the Support Group member (S) selects the 
same Expectation #1 with a Work Unit person (W1) and they give it similar 
priority-weight (3 and 5 respectively). However, the Support Group member 

13 To prioritize 5 expectations: the I" or highest priority expectation is given a weight of 5; the 2"" priority 
expectation is given a weight of 4; ... ; the 5"' or last priority expectation is given a weight of l. 
14 For 5 expectations: (5*5)+(4*4 )+(3*3 )+(2*2)+(l * l) = 55. 
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(S} does not share Expectation #1 with the other Work Unit persons (W2 and 
W 3) ... there is little consistency in the Unit-Group pairs; 

• on the right side of this figure, the Support Group member (S) selects the same 
Expectation #1 with all Work Unit persons (W1, W2 and W3) and they give it 
similar priority-weight (3 or 5) ... there is more consistency in the Unit-Group 
pairs. 

Ex s Ex 
3 1 

2 2 2 
3 3 

-. 

·'< . .. 
16 16 

Little consistency on priority More consistency on priority 

Figure 3-34: Sum of all Unit-Group priority-weights 

Thus, a numeric score can be calculated which can represent the paired priority-weights 
for all pairs of Work Unit members with Support Group members. This research 
proposes that the scores for all paired priority-weights be Averaged, and a Deviation be 
used to take into account the variation in cases which may have the same average score -
i.e.: small variations are preferred in cases with the same average. 

where: 

(Ave2 + Dev2/02) 
ll 

Lct)2 
t =1 

o = constant to size Dev to act as tie breaker 
n = number of expectations given priority 

Equation 3: Term #2 (C2) of Equation 1 

The general formula for Term #2 (C2), above, calculates a score for the expectations that 
are shared between groups and have been assigned priority-weights by both groups. 
There is a penalty in consistency for not understanding each other's priority. If a Unit 
does not understand a Group's expectations, for instance, then they respond 



inconsistently because the Unit can not evoke the preferred behaviours as often as 
necessary. Several things should be noted about the formula: 

I. The intention of this research to have all consistency measures (C1 to C3) 

present a score between O and 1, no consistency and total consistency 
respectively, is accomplished by the denominator. 
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2. The main determinate of consistency for C1 is the 'Ave' calculation presented 
below. The ·oev' term is used as a tie breaker, and the constant •a• is intended 
to assure that Dev does not influence the Ave ordering (Note: 6 was set at 100 
for the case studies presented in latter sections of this paper). 

The formulas for A,·e and Dev are presented below. 

S W E 

A 
1'1 w~l t2.{ PS~* PWew} 

ve2=---------­
s * w 

where: E = total number of expectations in the Combined Expectation set 
S = total number of Support Group persons providing 

expectation priorities 
W = total number of Work Unit persons providing expectation priorities 

PS es = Priority given to expectation e by Support persons; 
Otherwise = 0. 

PW ew = Priority given to expectation e by Work Unit person w; 

Otherwise = 0. 

S lV 

LL 
s =1 w =1 

$ * w 
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3.5.5 Term #3 (C3): Concept of Acceptability 

Tenn #3, of Equation #1, requires the Work Unit and Support Group assign acceptability 
ranges to the expectations in the Precedence Expectation set. In the example below, 
Figure 3-35, only the expectations which are shared and have been assigned priority by 
both groups are attributed Expectation Ranges. That is, only expectation (1) & (3) are 
shared by the Work Unit and Support Group, and both groups have assigned them a 
priority - they are assumed to contribute significantly to the determination of the 
consistency of the relationship. 
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Figure 3-35: Expectation Range example 

In deriving a quantitative representation of the Concept of Acceptability there are several 
features of the expectation range that need to be recognized, and assumptions that will be 
made: 

(i) As in the previous sub-section 3.4 that discussed overlapping expectation ranges, the 
Work Unit and Support Group each evaluate an 'actual' response behaviour against their 
expectation range. These evaluations will be represented on a scale of how often (always 
= 10) or infrequently (never= 0) a response behaviour actually occurs. 

Never Half of the time 

j 2 3 4 
I I I I 6

, 
Some of the time 

7 • 
I I I 

llo,t of the time 

9 
■ 

A1Way1 
10 
I 

(ii) The Work Unit and Support Group will also represent on this scale how often they 
want something to happen (refer to Figure 3-36) if the situation was better, as an 



acceptable 'ideal'; and what would be an unacceptable range boundary, if the situation 
was worse. These together represent the extent of the expectation range. That is, the 
unacceptable boundary and the acceptable ideal represent the range that the actual falls 
within. 

Actual 
D Acceptable 
• Unacceptable 

77% 

180% 

I Acceptable 
Actual (Ideal) 

Figure 3-36: Range boundary 

(iii) There are two possible orientations for an expectation: positive and negative. As 
examples: 
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( 1) a positive expectation like - "A non-emergency work order is given to 
Maintenance for a service call which can be planned and scheduled within the 
week" - describes acceptable, preferred or better behaviour from the Maintenance 
Support Group's point of view and a 'force' may be applied by the Group with the 
intention of increasing the frequency of this response by the Unit. That is, to have 
the actual response frequency more towards the top of the scale (always). 

(2) On the other hand, a negative expectation like - "A work order is given to 
Maintenance for a repair which should have been done by the Work Team" -
describes unacceptable, unwanted or worse behaviour from the Maintenance 
Support Group's point of view and a 'force' may be applied by the Group with the 
intention of decreasing the frequency of the response by the Unit. That is, to have 
the actual response frequency more towards the bottom of the scale (never). 

There are also several assumptions that will be made about the nature of the relationship 
between the ranges of the Work Unit and the Support Group to facilitate the calculation 
of the range using a proportional actual (Appendix 8.5.5.1 presents a comparison of a 
range based on the 'actual, better & worse' landmarks and a range using a proportional 



actual, and shows that the proportional actual gives similar results by using the actual 
only.) 

ASSUMPTION #I: Expectation Ranges are inclusive. The expectation ranges of the 
Work Unit and the Support Group move to a stable balance, as interaction between the 
Unit and Group increases or is sustained over a period time, so that the actuals are 
centered within the expectation ranges and one range includes the other. 

Inclusion 

u I A 
~---······ u 

1 
.... ~::~ Actual 
'·······! ....... : 

Uc I Ac 

Key: Uu= Unacceptable for Unit 
Au= Acceptable for Unit 
Uc= Unacceptable for Group 
Ac= Acceptable for Group 
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Thus, the Unit and Group's ranges are always moving towards a state where they view 
the task situation in the same way. In the figure below the two ranges move from •no 
consistency' to the state of 'total consistency,' as will be addressed in Assumptions #2 & 
#3. Dissonance is assumed to cause adjustment of the actual and/or range(s) as the Unit 
and Group expectation ranges adjust to the realities of the task situation. (See footnote 15 

for examples.) 

n% 

~ange Adjustment 1
75

% J I 90% 

>, 
~ 

= G,I -,,. ·-,,. 
= = z e 

Unacceptable I Acceptable 

-------~ ~~ I Pressure on Act~ Actual 

15 •Pressure on Actual': the Work Unit, for example, may talk to management to force the Support Group 
to come faster to fix their machines; 'Range Adjustment': the Support Group, for example, may hold 
regular meetings with the Work Unit to inform them about what the Maintenance work load is like so the 
Work Unit can make alternate plans. 



ASSUMPTION #2: Disconnection does not occur. The 'Actual' behaviour (response to 
an expectation) exits within the ranges of both the Work Unit and Functional Support 
Group. 

Disconnection, before adjustment 

overlap = 0 ~ u.v ...... -..... ~ u 
A, .............. :ii 
~ .:.: ..... -....... ... 

U~r ............ Ac 
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For example, the Maintenance Group expects work orders to be filled in with complete 
details on the nature and location of equipment faults. Several temporary workers have 
been assigned to the \Vork Unit to cover a period of peek load. They do not fill in the 
work orders correctly so the actual behavior of the Work Unit becomes 'unacceptable' for 
the Unit and marginally 'acceptable' for the Group until feedback from peers and training 
corrects the behaviour in line with expectations. 

ASSUMPTION #3: Bordering does not occur. Response to an expectation at the extreme 
ends of a range (acceptable or unacceptable) are unstable and unsustainable, and will 
cause adjustment of actual and/or range(s). 

Bordering, before adjustment 

Uul Au 1ic·· .... -....... '4 

tr···· .. .f~ Act11al ........ a·······' 
Uc I Ac 

For instance, a policy change has been instituted that restricts the amount of overtime the 
Maintenance Group budget can fund. From the Work Unit's view the resulting behaviour 
has become unacceptable and they lobby management for more preventative maintenance 
training so less overtime will be required and the new service level becomes more 
'normal'. 

ASSUMPTION #4: An Expectation Range is proportional to the value of 'Actual' on the 
scale. For example, for a positive Unit expectation near the extreme of scale (Always), 
say 8.5 or 85%, the Unit has better information about the task situation because the actual 
is perceived to be happening more often and the range is tighter. Further away, say 6.1 or 
61 %, the Group has relatively less information about the task situation because the actual 
is perceived to be happening less often, 85% vs 61 %, and there is more variability in the 
range - the range is looser. As the actual as perceived by the Unit and Group become 
further apart, the ranges for the Unit and the Group differ, and there is assumed to be less 
consistency as the overlap decreases. (Appendix 8.5.5. l presents a comparison of a range 
based on the 'actual, better & worse' landmarks and a range using a proportional actual, 
and shows that the proportional actual gives similar results by using the actual only.) 
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Always 
10 
■ 

The formula below brings together these notions, and uses the difference in perceived 
actual as the basis for determining a value for the consistency of the expectation range 
overlap. 

Equation 4: Term #3 (C3) of Equation 1 

S W E 

~l .,?;le~ SesW,J1-IAW,.; Asesjt10) 
Ave3 = ---------------­

.s * w 

where: E = total number of expectations in the Combined Expectation set 
S = total number of Support Group persons providing 

expectation selections 
l,Y = total number of Work Unit persons providing expectation selections 

S es = { I. if expectation e is selected by Support person 5 

O. otherwise 

W - { I, if expectation e is selected by Work Unit person w 
e~·.F 0, otherwise 

AS es = Actual for expectation e selected by Support person 5 

AW e..,..r Actual for expectation e selected by Work Unit person w 

for: A$ es =AWM lhen I • 1/10 =0 

NOTE: the value 10 represents the magnitude of the scale. 
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4 Method 

4.1 Overview 

This research method was used to study the linkage between a WORK UNIT and a 
SUPPORT FUNCTION. It was conducted through two case studies: one at an automotive 
manufacturer in Ontario. Company A: and a second at an electronic repair facility in the 
USA, Company B (see the next sub-section for descriptions of the two companies). Both 
case studies took place over a three-year period of part time study, interspersed with 
several full time residencies at their facilities. 

Company A, was initially contacted during the original research definition phase, then 
participated extensively through a four month full time study where the Expectation 
Range Model was developed, and once again for the final testing. Portions of this study 
were repeated at Company B to verify the model and test it. Company B represented a 
different industry that also had successful team implementations and team driven 
operations. It provided a low level of generality, assisted in cleaning up the methodology 
and refined the method of the calculation of Perceived Consistency. The testing phase 
was done during two-week full time residence at both of the companies' facilities. 

Representatives of each Company were in constant contact with the investigator to 
provide feedback. arrange for the succeeding phases of the project and to receive 
management progress reports. The overall plan was to become familiar with each 
business on 24 hours basis: understand the context of operations of the work units; 
interview the work units: interview a selected support group impacting the work units; 
interview management on their expectations for teams; do informal presentations; follow­
up with additional investigations as required; and then wind up with a final presentation 
and a written report. 

The activity chart in Figure 4-1 gives an overview of the Method. It should be noted that 
Company A participated in all of these activities, while Company B only participated in 
the activities indicated as solid boxes. The activities in the 'dashed'(---) boxes were 
conducted with Company A during the development of the Expectation Range Model, 
which provided the structure of the Questionnaire (see the double box in the chart). The 
interviews with the 'focus' Work Unit and the "focus' Support Group provided the 
content for the Questionnaire at both Company A & B sites 
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Figure 4-1: Overview of the Method 

The succeeding sub-sections describe the two case study sites, the method used for the 
quantitative analysis of the consistency measure, and the method for qualitative 
collaboration of the consistency results. The Appendix 8.1 to 8.4 provide the interview 
guides and questionnaires used. 
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4.2 Case Sites 

4.2.1 Company A: 
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Company A was an automotive division of a multi-national Corporation that provides 
high-technology products and services to the automotive and space, defense & 
information systems markets. The automotive divisions design, manufacture, and sell 
automotive product lines for cars, trucks, buses, and off-highway vehicles. These 
products are distributed directly to vehicle makers and through independent distributors. 

The Company A division was located in 
southwestern Ontario and manufactures 
suspension components for the Big Three 
auto makers and others, shipping products 
around the world. The operation consists of 
two facilities running continuously on three 
shifts producing 43,000 parts per day in 
some 20 manufacturing cells operated by 
I 00% self-directed work teams (SDWTs) of 
about 440 Union/Non-Union members. In 
the last few years the operation has shifted 
from dedicated. mass production, in-line 
transfer operations to CNC machining 
centers. 

Company A has recei\'ed several inter-national awards for its manufacturing process, 
and was recognized as having excellent team practices. 

4.2.2 Company B: 

Company B was a repair division of a multi­
national Corporation that provides high­
technology telephony, wireless networking 
and Internet products and applications, with 
1998 revenues of USS 17 .6 billion and 
employing approximately 75,000 
worldwide. 

The Company B division was located in 
Tennessee and repairs high-capacity, digital 
communications technology including: 
digital switching; wireless and multimedia 
communications: Internet and intranet 
access and security products; and wide area 
networking systems. 
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The operation consists of two facilities for repair and distribution operations in a cellular 
manufacturing configuration with self-directed work teams of Union members. Company 
B has received several corporate and regional awards for its manufacturing process, and 
was recognized as having excellent team practices. 

4.3 Steps in the Method 

4.3.1 Site Verification 

Both Company A & B sites were visited to tour their facilities, meet the team members 
and to speak to management. The intent of this was two fold: to verify that the potential 
work units represented good examples of operational teams; and to broach with senior 
management their willingness to receive a case study research proposal presentation. 

4.3.2 Research Proposal Presentation to Management 

A presentation was made to the company's management team on the intent of the 
research, the time commitment for the initial focus work unit and support group, 
availability of the research results and the potential benefits to the company. Some of the 
benefits presented were: (I) a novel view of functional relationships; (2) 
recommendations based on a systematic approach to a new area of management study; 
and (3) potential for actions to improve team effectiveness which are congruent with the 
existing company culture. A commitment was secured from the senior manager and a 
management representative contact was assigned. 

4.3.3 Identity Focus \Vork Unit 

The operations management representative for each of the selected case study sites 
identified one work unit (WORK U:-.:rr) that they considered to be very effective according 
to their internal measures. This \vas termed the 'focus' WORK UNIT for the initial phase of 
the research to de\·elop the Expectation Range Model and the Questionnaire that would 
be used to capture the quantitative data to test the Inter-group Consistency measure. For 
Company A only. a second not-as-effective work unit was identified to participate in the 
qualitative analysis, see sub-section 4.4, and to provide comparative information which 
was used in the development and to verify the Expectation Range Model. 

4.3.4 Research Intent Presentation to Focus Work Unit 

In this presentation the investigator explained to the focus WORK UNIT who he is and 
why the research was being conducted, that the research was about communications 
between work groups, that their co-operation and help was very important, and that they 
agree to participate. Further, an operations management contact(s) for their area. on each 
shift, was assigned so they knew what the researcher was doing and could make 
introductions to the team members. 



69 

It was agreed that the research visits would be done on three consecutive days each week 
- over a four month period in Company A - leaving time for subsequent analysis, so the 
most team activity could be observed (ie: team meetings, work station operations, team 
member interaction etc.) 

4.3.5 Interview of Focus \Vork Unit members 

Ten people from the focus \VORK U~rr were interviewed using the questionnaire in 
Appendix 8-1 (see Figure 4-2 for sample). Each interview was one-half hour long and the 
comments were recorded by hand and then entered into a spread sheet data base for the 
categorical analysis to develop a questionnaire and the qualitative aspects of this 
research. 

(I) I want to talk about your work unit's relationship with your support functions. 
Looking at all the different support groups that you have to interact with, some may be 
more important ... can you give me an example of one which you consider to be very 
important to your team's successful performance? 

(2) In performing the tasks between units, what behaviours do the members of the 
support function consider to be GOOD for your unit to do to help them ... in other words, 
what do they praise members of your unit for doing and what is an example of that 
behaviour? 

Figure 4-2: \Vork Unit Interview Questionnaire 

4.3.6 Identify Focus Support Group 

As part of the inten·iew process, each focus WORK UNIT member identified one support 
function that their team works with that they consider to be an important linkage. The 
support function identified by the most team members was taken as the focus SUPPORT 
FUNCTION for the analysis. 

4.3.7 Research Intent Presentation to Focus Support Group 

This presentation \Vas similar to that given to the focus WORK UNIT. The investigator 
explained to the focus SUPPORT GROUP who he is and why the research was being 
conducted, that the research was about communications between work groups, that their 
co-operation and help was very important, and that they agree to participate. The same 
operations management contact(s) was used to make introductions to the focus SUPPORT 
GROUP members. 

The research visits \vere made during the same three days each week allowing 
observation of the group activity with the focus Work Unit (ie: team meetings, support 
procedures, team member interaction etc.) 
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4.3.8 Interview of Focus Support Group members 

Interviews were done with the focus SUPPORT GROUP using the questionnaire in 
Appendix 8-2 (see Figure 4-3 for sample). Again, each interview was one-half hour long 
and the comments \vere recorded by hand and then entered into a spread sheet data base 
for analysis. 

(l) I want to talk about your group's relationship with the work units that you support, 
in particular the ____ team. 

(2) In performing the tasks between units, what behaviours do the members of the work 
unit consider to be GOOD for your group to do to help them ... in other words, what do 
they praise members of your group for doing and what is an example of that behaviour? 

Figure 4-3: Support Group Interview Questionnaire 

4.3.9 Categorize Interview Comments 

A categorical examination of the individual interview data from Steps 4.3.5 and 4.3.8 
was done for the two groups - the focus WORK UNIT and the focus SUPPORT GROUP- by 
the investigator. 
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Figure 4-4: Expectation Sets 
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In regard to the Expectation Range Model's Expectation Sets presented in the previous 
section and above in Figure 4-4, the two categorized interview data from the focus WORK 
UNIT and their linked focus SUPPORT FUNCTION are their Group Specific Expectation sets. 

4.3.10 Expert ReYiew of Categories 

The reliability of the placement of interview comments into categories was checked by an 
expert from the focus \VORK UNIT and the focus SUPPORT GROUP. This was done by 
taking a 20% random sample of the comments which had been classified by the 
researcher and having the experts sort the comments into the researcher's categories and 
then checking the agreement with that of the researcher. A correspondence of 75% for the 
both case sites was obtained. The wording of the categories was then carefully checked 
by the researcher and the experts with a view to reducing any abstraction and assuring 
that the language was similar to that used by the organization. 

4.3.11 Questionnaire Design 

The behaviour items from the two Group Specific Expectation Sets were ranked by the 
number of similar instances. The most frequent expectations for the focus WORK UNIT 
and the most frequent expectations for the focus SUPPORT GROUP, together, become the 
Combined Expectation set. That is. sixteen expectations were chosen, the top eight from 
the focus WORK U:\'IT and the top eight from the focus SUPPORT GROUP. The Combined 
Expectation set ,vas then used to design a questionnaire (Appendix 8-3) to collect 
quantitative data for the calculation of Inter-group Consistency. The example of the 
expectation statements from the questionnaire, given in Figure 4-5, was based on the 
actual interview responses. 

Work Unit and Maintenance Function Ranking• 
Select the 5 most important statements about what to do or not do for the u.t 
below; then rank them from t "highest" to 5. Th••• Hl«:tlons.,. flwn ID,_ 
transferred to the next sheet. 

n...._ A work order is given to Maintenance for a service call which can be planned f 
~ ·scheduled within the week. 

9A A work order is given to Maintenance for a repair which should have been done ll¥.JlH 
.:.... work unit. ,_ _ _,,,,,.. 

Figure 4-5: Sample Quantitative Questions 

4.3.12 Expert Review of Questionnaire 

The questionnaire was checked again for the reliability of the expectation questions by 
the experts of Step 4.3. l 0. That is, they confirmed that the two groups both interpret the 



questions in a similar way and that they were specific enough to capture an expectation 
range - actual. acceptable (better) and unacceptable (worse) behaviours. 

4.3.13 Identify six \Vork Units & their Support Group to test 
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The operations management representative for each of the selected case study sites 
identified six I comparable WORK UNITS for the analysis. That is, each team produced 
products which resemble each other (e.g. machine operations or electronic repair), using 
similar machines \vith the approximately the same number of team members. 
Additionally, Management chose teams that were distinguishable in terms of 
performance, such that there would be a discrimination between the calculated Inter­
Group Consistency so it could be tested. 

Since this research looks at the linkage between a WORK UNIT and its SUPPORT GROUPS, 
and the focus ScPPORT GROCP input was used to develop the Questionnaire, then the 
linkage of the six \VoRK U:--ITs to the focus SUPPORT GROUP was studied, see Figure 4-6. 
Thus, each of the six WORK c~ITs was pre-screened to assure that there was a relationship 
with the SUPPORT GROUP and that the relationship was one of the more consequential for 
those WORK ur-,;rTs. That is, it was verified2 that the SUPPORT GROUP was one of the 
linkages that the WORK u:-.;rrs felt was important. The SUPPORT GROUP member that 
supported each \VoRK UNIT was also selected to participate in the next phase of the 
research. 

Figure 4-6: 1\-lany-to-one relationship 

1 Note: The use of 6 teams was ncgotiati::d with both site Management. There was a practical limit to how 
much lime the site Managi::menl would allow for research. and there was a need to reduce the burden upon 
the Support Function in thi:: ranking of the teams. Also. 6 observations was considered sufficient for the 
statistic selected lo test the hypothesis. 
2 Work units that did not agree would have been eliminated and another team would have been selected by 
Operations Management. 
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4.3.14 Ranking by Support l\lanagement 

The SUPPORT GRocp·s Supervisor was asked to rank the six work units which where 
selected by Operations Management, from the most effective relationship to the least not­
as-effective relationship, (i.e.: I to 6) on the questionnaire in Appendix 8-4. The SUPPORT 
GROUP's Supervision observes the SUPPORT GROUP and the WORK UNITS working 
together and can evaluate the differences between WORK UNIT and SUPPORT GROUP 
linkages. The steps are: 

(i) From the 6 \VORK UNITS selected, place 3 into a class called "Effective" teams, 
and 3 into a class called ''Not-as-effective" teams. 
(ii) For each class, rank the 3 teams in that category. 

4.3.15 Research Intent Presentation to six \Vork Units & their Support Group 

This presentation was similar to that given to the focus WORK UNIT. The investigator 
explained to the six WORK UNITS and their SUPPORT GROUP members who he is and why 
the research was being conducted, that the research was about communications between 
work groups, that their co-operation and help was very imponant, and that they agree to 
participate in doing the one hour questionnaire session. 

4.3.16 Questionnaire gh·en to six \Vork Units & their Support Group 

The scripted introduction and guide lines for the questionnaire session is given in 
Appendix 8-3, along with the questionnaire, see sample in Figure 4-5. The sessions were 
conducted with at least three representatives from each WORK UNIT and the 
corresponding SCPP0RT GROL7P member - that was the person in the support group that 
provided on-going interaction within the \Vork Unit's task situation. In this way each of 
the six "work unit/support group·· linkages was represented. It took about one hour to 
complete the following process: 

(i) Explain the questionnaire format and clarify any questions on how to interpret 
the expectations; 

(ii) the participants selected 5 expectations which they considered to be most 
important: 

(iii) the participants ranked these 5 expectations from 1 to 5; 

(iv) then the participants marked the frequency of occurrence of behaviour called 
"actual" (A-mark), "better" (B-mark) and worse (W-mark)," (see Figure 4-7). 



Cl. A work order is given to Maintenance for a service call which can 1M pl4no,d I -m scheduled within the week. 

(1) How often does this "Actually" happen? Mark with an "A". 
(2) The Work Unit and Maintenance agree on something Iha! will make things .. Better•_ lllrtc "ll" wlllN Ills might be. 
(3) Someone tells you that things have gotten "Vlorse" _ Mark "W" where you guess lhls might be now. 

Never 
0 
I I 

2 3 ,I 

I I I 
Some of the time 

Half of the time 
5 6 
■ 

1 • 

I I I d I 
llostoltM 

I 
I 

Figure 4-7: Scale for the Expectation Range 

4.3.17 Compile Questionnaire Results 
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The outcome of the questionnarie sessions is documented in the Results sections for the 
two case studies. These sections provide a test of the Inter-Group Consistency measure as 
follows: 

(i) The value for Inter-group Consistency was calculated for each Work 
Unit/Support Group linkage and the Work Units were ranked accordingly, (i.e.: 1 
to 6). 
(ii) The rankings. an ordinal measurement of Support Function Supervision and 
the Work Cnil/Support Group calculation of Inter-group Consistency, were tested 
for a match to the Support Function Supervision ranking by a probability3 

measure. 
(iii) The test in (ii) were done for a strict and relaxed situation: 

(a) Strict situation. The rankings were tested on the outcome from the 
Inter-group Consistency without adjustment. 
(b) Relaxed situation. The rankings were adjusted to allow for noise in the 
data and environment. 

4.3.18 Reports to :'\lanagement, \Vork Units & Support Groups 

Progress reports and final research reports with recommendations for improvement were 
provided to all the participants in the study, and information sessions were conducted to 
present the results and clarify the conclusions reached. 

4.4 Additional Analysis of Case Study Sites 

For Company A only. a second not-as-effective work unit was identified by Operations 
Management to participate in a qualitative analysis and to provide comparative 
information which was used in the development of the Expectation Range Model and 
support the research results section. This method followed the same steps as outlined in 
4.3.3 to 4.3. IO inclusive. 

3 First Course in Probabilily. by S. Ross. Prenlice Hall, pg. 35 (Proposition 4.4). 
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5 Results 

5.1 Overview 

The presentation of the results will start with three individual terms (C1 to C3) of the 
Perceived Consistency of a Linkage (C) formula and conclude with the combined score. 

Consistency of a Linkage (C) { 

Concept of Importance (C1); 

• Concept of Priority (C2); 

• Concept of Acceptability (C3). 

That is, the expectations that define the task situation between a Work Unit and a Support 
Group were broken into three components of inter-group consistency, each representing a 
different view of consistency. These three components were aggregated so that for each 
Work Unit and Support Group pair the Consistency of the linkage was represented by the 
C-formula. A full discussion of the logic of these calculations is given in Appendix 8.5. 

The result section includes three types of examination: 

• First was a quantification of the number of matches between a ranking of the six 
Work Unit linkages by a judge, from each company, and a ranking based on the C­
formula score. This was to test the ability of the fonnula to discern differences 
between linkages; 

• Second was an analysis the Questionnaire results from the six Work Unit linkages in 
each company. They were partitioned into two groups according to the company 
judge rankings - the 3 Work Units ranked at the top and the 3 lower ranked Work 
Units. This is to provide additional understanding of the underlying reasons for the 
differences between highly ranked Work Unit linkages and those ranked lower; and 

• Lastly, for Company A only, a comparison of one Work Unit designated as 
'effective' by the Company management and one Work Unit designated as 'not-as­
effective'. That is, the interview behaviour examples, used in the development of the 
Expectation Range Model, were categorized with the view of providing additional 
understanding of the underlying reasons for the differences between effective and 
not-as-effective Work Unit linkages. 

To facilitate the presentation of the results, the next sub-section gives an overview of the 
test used. This is followed by the test results of the two case studies, and the additional 
analysis sub-sections. These are supplemented, as noted in the text, by discussions in the 
Appendix. 
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5.2 Testing the Strict and Relaxed situations 

The results, which were represented by the ordinal measurement of the Work 
Unit/Support Group Inter-group Consistency score, were tested by an exact match to the 
Support Function Supervision ranking by Ross' matching probability1 measure as shown 
in Figure 5-1. That is, the Work Unit/Support Group linkages were ranked by the 
company expert and by the Consistency score, and there were k of the N linkages 
matching. There was a probability p that k of N matches can occur from random 
selection. (The convention for reporting significance is given in the footnote2.) 

Probability of exactly km atches in a group of N = PNk 

1 - 1 + 1 /2 ! - I /3 ! + ... + 
(-l)N-k 

(N-k)! = 
k! 

for: N = 6 and k = I then p 6. I = .3 6 6 7 
k = 2 then p 6 .2 = . I 8 7 5 
k = 3 then p 6 .3 = .0 5 5 6 
k = 4 then p 6 ·"' = .0 2 0 8 

Figure S-1: Ross' Matching Probability 

The test was done for a match from a strict and relaxed situation, vis: 

(i) Strict situation. This was the base-line case, being the most conservative or 
worst-case, where the rankings for the Judge and Consistency score were matched 
exactly as received from the company and calculated by the formula, without any 
adjustment. That is, the rankings of the company expert were not allowed to have 
ties, and there was no adjustment for ties in the Consistency score. 

(ii) Relaxed situation. This was the normalized case, being a reflection of the 
actual situation. Although the rankings of the company expert were not allowed to 
have ties, the rankings from the calculated Consistency score were adjusted to 
allow for ·noise' in the data. Some of the possible sources of these aberrations: 

(a) Size of the data set, for example: the Company management would 
only allow a small number of participants due to the time and costs 

1 First Course in Probability, by S. Ross, Prentice Hall, pg. 35 (Proposition 4.4). 
2 The con\'ention for describing significance is as follows: p = I% or less. very significant; p = 5% to I% 0, 

significant; p = 10% to 51n/, moderately significant; p = more than 10%, not significant; 



involved in the case study interviews; and in the linkages studied there 
may in fact only be one Support person to interact with a Work Unit. 
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(b) Differences in the data, for instance: although both Company A and B 
had excellent Work Units, Company A Work Units were considered to be 
better on average as testified by several vendor and inter-national awards; 
and the variance between the six Work Units selected by the two 
companies' management was tighter in Company A (see Appendix 8.8. l). 

(c) Situational effects, for example: Company management may have 
selected another array of six Work Units to rank in a different situation; a 
Support Group and/or Work Unit person may have selected or ranked the 
expectations differently in some other Questionnaire session; or the 
company Judge may have ranked the expectations differently at another 
time. 

(d) Method improvements, such as: The Questionnaires for Company A 
and B differed in two ways: the Company A questionnaire incorporated 
expectations from the effective and not-as-effective Work Units, while 
Company B only included effective Work Unit expectations; and, the 
Company A expectations contained 50% positively worded expectations, 
while Company B had 69%, see Appendix 8.8.2. 

(NOTE: In the Relaxed situation the possibility of ties in the calculated scores, or 'near­
ties' due to small changes in the data, were accommodated by an augmentation of Ross' 
matching probability. Refer to Appendix 8.8.3. for a complete discussion of ties, and to 
Appendix 8.8.4 for the Welch3 addendum to Ross.) 

The results for Company A & B will be presented in the next two sections 5.3 and 5.4 
respectively. Each of these sections will include additional analysis of the questionnaire 
data to illustrate some of the fundamental differences between more and less consistent 
linkages. 

3 Citation titled: Derivation of the probability distribution of the number of matching fields in rar.dom 
permutations of 6 objects. Appendix 8.8.4 
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5.3 Company A 

5.3.1 Site Detail 

Company A was an automotive division of a multi-national Corporation that provided 
high-technology products and services to the automotive and space, defense & 
information systems markets. The Work Units operated in a cellular manufacturing 
environment scheduling and maintaining their area's CNC machines by having the 
operators assume coordinator roles. The Work Units were assisted in their network of 
relationships by a management support group called Manufacturing Support Technicians. 

5.3.2 Data, Analysis & Results 

The next three sub-sections will present the data for the three terms of the Expectation 
Range Model's C-formula: Concept of Importance; Concept of Priority; and Concept of 
Acceptability. Together they comprised the Perceived Consistency of the Linkage 
measure, and their relative weighting was represented respectively by the notation in 
brackets: unweighted C(l 11) and weighted C(l31). Appendix 8.6 gives complete data 
from the case study at Company A. 

Company A had some ties or 'near-ties' due to the small variance in the calculated 
scores. That is, one change to the questionnaire selections could typically cause scores 
differences of between 5% and 20% - even more when selections had values far apart. 
The research took a conservative approach and only considered scores within 0.025 or :;: 
2.5% to be tied. The method for identifying and dealing with ties is fully explained in 
Appendix 8.8.3. 

5.3.'J. I Concept of Importance (C
1

) 

The Work Unit or Support Group person selected a set of expectations from the 
Questionnaire that they felt was the most important to do, or not-do, in their relationship 
with their linkage partner. Then the sets of expectations for all combinations of persons in 
the Work Unit and Support Group were compared to identify where there was agreement 
on the important expectations. The C 1 formula captures all of these combinations and 
converted them into a score between O and l for each Work Unit/Support Group. 

Ranked Results 

The expectations selected by the Work Unit or Support Group person individually were 
the ones that they felt were the most strategic linkage behaviours and the ones which they 
felt should (not) happen. One view of this was that to the extent that both partners in the 
linkage could agree, were consistent, on what were the right actions to be taken, the more 
often these actions would be taken and the more effective the linkage would be. 
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The C1 results are presented in Table 5-1. The table lists the six Work Unit/Suppon 
Group linkages across the top, with the calculated score (Cl-value) and comparable 'Cl­
rank' for each; and the expen Suppon Group Management 'judge' ranking. For example, 
the score for Work Unit #1 (WUI) was .666 and ranked #1 of the six Work Units for 
consistency as interpreted from Cl-values and it was like-wise ranked #1 in effectiveness 
of the linkage relationship by the Company A Judge. 

! WU 1 I WU 2 I WU 3 i WU 4 I WU 5 I WU 6 ! 
C1-value = 0.666 0.399 0.466 0.466 0.531 0.399 
C1-rank = 1 5.5 3.5 3.5 2 5.5 

Judge rank= 1 2 3 4 5 6 

Table 5-1: Cl Results and Ranks 

The table in Table 5-2 shows the number of 'Match' rankings, using a Strict and a 
Relaxed interpretation for the data from Table 5-1, where the designation 'yes' was a 
match between the ranking of CI and the Judge. There was one match for the Strict case 
(although WU 3, 4 & 6 were very close) and four matches for the Relaxed case. 

Strict C1 
Relaxed C1 

I WU1 WU2 WU3 WU4 wus WU6 
yes 

__ y,._e_s _ _.... ______ __,Y __ e_s_ ........ _y,_e;..:;s_ ........ __ ............. _>.'.es 

Table 5-2: Strict and Relaxed Matching 

Match 
1 
4 

The Strict case, with one match was not significant (p = .3667). Given that the CI scores 
for WU3, 4 & 6 gave rankings that were very close to those of the Judge an exact match 
of 4 as given in the Relaxed case seems reasonable. Ross' probability of obtaining 4 exact 
matches out of 6 if the ranking were done randomly was significant (p = .0208). Welch's 
more conservative probability for 4 matches with two ties was moderately significant (p 
= .0722). 

5.3.2.2 Concept of Priority (C2) 

The Work Unit or Suppon Group person assigned ranks, priority-weights, to the set of 
expectations selected from the Questionnaire. Then the ranked sets for all combinations 
of persons in the Work Unit and Suppon Group were compared to identify where there 
was agreement on the expectations' priority-weight. The C2 formula captures all of these 
combinations and converted them into a score between 0 and I for each Work 
Unit/Support Group. 
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Ranked Results 

The ranking of expectations, through priority-weights, by the Work Unit or Support 
Group person was an expression of their individual desire for a certain critical behaviour 
response to happen. One view of this was that to the extent that both partners in the 
linkage could agree on the most crucial actions. the more likely they were to occur. 

The C2 results are presented in Table 5-3. The table lists the six Work Unit/Support 
Group linkages across the top, with the calculated score (C2-value) and comparable ·c2-
rank' for each; and the expert Support Group Management •judge' ranking. For example, 
the score for Work Unit #I (WUI) was .407 and ranked #2 of the six Work Units for 
consistency as interpreted from C2-values and it was ranked #I in effectiveness of the 
linkage relationship by the Company A Judge. 

!WU1!WU2!WU3!WU4!WUS!WU&! 
C2-value = 0.407 0.400 0.3n 0.474 0.353 0.238 
C2-rank = 2 3 4 1 5 6 

Judge rank = 1 2 3 4 5 6 

Table 5-3: C2 Results and Ranks 

The table in Table 5-4 shows the number of ·Match' rankings, using a Strict and a 
Relaxed interpretation for the data from Table 5-3, where the designation 'yes' was a 
match between the ranking of C2 and the Judge. There were two matches for the Strict 
case ( although WU 2 & 3 were close) and four matches for the Relaxed case. 

Strict C2 
Relaxed C2 

WU1 WU2 WU3 WU4 wus 
....... Y.eS 

yes ~ ...... yes y_es 

Table 5-4: Strict and Relaxed Matching 

I WU& Match 

l········Y-:: 1 
2 

... • ........ Y ............ • 4 

The Strict case, with two matches was not significant (p = .1875). Given that the C2 
scores for WU2 & 3 give rankings that were close to those of the Judge an exact match 
of 4 as given in the Relaxed case seems fair. Ross• probability of obtaining 4 exact 
matches out of 6 if the ranking were done randomly was significant (p = .0208). Welch's 
more conservative probability for 4 matches with two ties was moderately significant (p 
= .0722). 
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5.3.2.3 Concept of Acceptability (C3) 

The Work Unit or Support Group person assigned an acceptability range -- defined by 
the actual, better and worse frequency indications -- to the set of expectations selected 
from the Questionnaire. Then the 'actual4 ' frequency value for all combinations of 
persons in the Work Unit and Support Group were converted into an overlap percentage. 
The C3 formula captureed all of these combinations and converted them into a score 
bet\veen O and 1 for each Work Unit/Support Group pair. 

Ranked Results 

The 'range' of behaviours was what response the Work Unit or Support Group found 
acceptable. Beyond this range were behaviours which were considered to be 
unacceptable and may have impacted the performance of the linkage. That is, when 
response was below the standard expected the linkage relationship could deteriorate. One 
view of this was that to the extent that the ranges for the Work Unit/Support Group pairs 
overlay each other, agreeable response actions would be taken. 

The C3 results are presented in Table 5-5. The table lists the six Work Unit/Support 
Group linkages across the top. with the calculated score (C3-value) and comparable 'C3-
rank' for each; and the expert Support Group Management 'judge' ranking. For example, 
the score for Work Unit #l (WUl) was .575 and ranked #1 of the six Work Units for 
consistency as interpreted from C2-values and it was also ranked #l in effectiveness of 
the linkage relationship by the Company A Judge. 

! WU 1 ! WU 2 ! WU 3 ! WU 4 ! WU 5 ! WU 6 ! 
C3-value = 0.575 0.262 0.313 0.386 0.404 0.269 
C3-rank = 1 6 4 3 2 5 

Judge rank= 1 2 3 4 5 6 

Table 5-5: C3 Results and Ranks 

The table in Table 5-6 shows the number of 'Match' rankings. using a Strict and a 
Relaxed interpretation for the data from Table 5-5, where the designation 'yes' was a 
match between the ranking of C3 and the Judge. There was one matches for the Strict 
case (although WU 6 was close) and two matches for the Relaxed case. 

Strict C3 
Relaxed C3 

! WU1 WU2 WU3 WU4 wus WU& 
~ ..... Y!!S ______________ ,._ ______ _ 
~ ..... _x_es _________________ __.,_ ________ y,_e_s ___ 

Table 5-6: Strict and Relaxed Matching 

~ Range issues were discussed in Appendix 8.5.5. l. 

Match 
1 
2 
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The Strict case, with one matches was not significant (p = .3667). Given that the C3 score 
WU6 gives a ranking close to that of the Judge an exact match of 2 as given in the 
Relaxed case seems fair. Ross' probability of obtaining 2 exact matches out of 6 if the 
ranking were done randomly was not significant (p = .1875). Welch's more conservative 
probability for 2 matches with one tie was not significant (p = .2583). 

5.3.2.4 Perceived Consistency of the Linkage (C) 

The consequent Work Unit and Support Group C1, C2 and C3 scores were brought 
together in the Perceived Consistency of the Linkage (C) formula. This equation applied 
a ·weight5' to the individual scores and converted them into a final score between O and 
I, for each \Vork Unit/Support Group linkage, as a point within the solution space. 
Higher values of C were indicative of a higher amount of inter-group consistency in the 
\Vork Unit/Support Group linkage. The results for a weight of ( 11 l) are presented first 
then the contrasting results with weight ( 131 ). 

WEIGHT- C(lll) 

Ranked Results 

The C(lll) results are presented in Table 5-7. The table lists the six Work Unit/Support 
Group linkages across the top, with the calculated Cl, C2 & C3 scores, the weighted 
C( 111 )-value and comparable ·c-rank' for each WU; and the expert Support Group 
Management 'judge' ranking. For example, the C(l 11)-value for Work Unit #I (WUI) 
was .560 and ranked #1 of the six Work Units for consistency and it was also ranked #1 
in effectiveness of the linkage relationship by the Company A Judge. 

WU 1 WU2 WU3 WU4 wus WU6 Weight 

C1 t 0.666 0.399 0.466 0.466 0.531 0.399 1 
C2 \ 0.407 0.400 o.3n 0.474 0.353 0.238 1 
C3 l ..... o.s7s ..... · 0.262 0.313 0.386 0.404 0.269 1 

C(111) = i ..... 0.560 ..... l 0.360 0.391 0.444 0.436 i 0.310 i .. 
................ 

C-rank = 1 5 4 2 3 6 ................. 

Judge= i ........... 1 ........... · 2 3 4 5 6 

Table S-7: C(lll) Results and Ranks 

5 Weight issues were discussed in Appendix 8.5.6.1. 
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The table in Table 5-8 shows the number of 'Match' rankings, using a Strict and a 
Relaxed interpretation for the data from Table 5-7, where the designation 'yes' was a 
match between the ranking of C( 111) and the Judge. There was two matches for the Strict 
case and the Relaxed case. 

! WU1 WU2 WU3 WU4 wus WU& 
Strict C(111) = L--·Y-_es_,....... _______ .,..... ___ ~--~-J.y_e_s __ 
Relaxed C(111) = L._ ___ y_es_....._ _________ ......_ ______ _,__J_y_e_s~ 

Table S-8: Strict and Relaxed Matching 

Ross' probability of obtaining 2 exact matches out of 6 if the ranking were done 
randomly was not significant (p = .1875). 

WEIGHT - C(l31) 

Match 
2 
2 

The weights recognize the differing contribution of the Ci components. For instance, C1 

alone may differentiate the Work Units at a site when several were not-very-effective, but 
as the \Vork Units become more effective, or were clustered closer together in terms of 
effectiveness, then the contribution of C 2 and C3 would be required. 

The C(131) results represents one possible combination of the terms and is presented 
here to illustrate the impact of weighting. A discussion of other weights is given in 
Appendix 8.5.6.1. 

Ranked Results 

The C(131) results are presented in Table 5-9 represents one possible weighting of the 
terms. The table lists the six Work Unit/Support Group linkages across the top, with the 
calculated CI, C2 & C3 scores, the weighted C( 131 )-value and comparable 'C-rank' for 
each WU; and the expert Support Group Management 'judge' ranking. For example, the 
C( I 3 I )-value for Work Unit #I (WUI) was .454 and ranked #2 of the six Work Units for 
consistency and it was ranked #1 in effectiveness of the linkage relationship by the 
Company A Judge. 
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WU1 WU2 WU3 WU4 wus WU& Weight 

jActual jC1 0.666 0.399 0.466 0.466 0.531 0.399 1 
C2 0.407 0.400 0.377 0.474 0.353 0.238 3 
C3 0.575 0.262 0.313 0.386 0.404 0.269 1 

C(131) = 0.454 0.390 0.381 0.466 0.378 0.259 

C-rank = 2 3 4 1 5 6 

Judge= 1 2 3 4 5 6 

Table 5-9: C(131) Results and Ranks 

The table in Table 5-10 shows the number of 'Match' rankings, using a Strict and a 
Relaxed interpretation for the data from Table 5-9, where the designation 'yes' was a 
match between the ranking of C( 131) and the Judge. There was two matches for the Strict 
case (although WU 1 & 3 were close) and four matches for the Relaxed case. 

Strict C(131) = 
Relaxed C(131) = 

WU1 I WU2 I WU3 I WU4 I wus 
yes 

ves yes ves 

Table 5-10: Strict and Relaxed Matching 

I WU& 
yes 
yes 

Match 
2 
4 

The Strict case, with two matches was not significant (p = .1875). Given that the C( 131) 
rankings for WU l & 3 were close to those of the Judge an exact match of 4 as given in 
the Relaxed case seems fair. Ross' probability of obtaining 4 exact matches out of 6 if the 
ranking were done randomly was significant {p = .0208). Welch's more conservative 
probability for 4 matches with two ties was moderately significant (p = .0722). 

The discussion section explains why the weighted C( 131) case does much better than the 
un-\veighted C( l 11) case (see sub-section 6.2. l ). 

5.3.3 Analysis of Expectations for Company A 

These sub-sections will provide some additional analysis to show some of the underlying 
reasons for differences between linkage Consistency scores. First, by looking in more 
detail at the Questionnaire results, and then at a categorization of the behaviour examples 
from the interviews that contributed to the development of the Expectation Range Model. 

5.3.3.1 Other Findings from the Questionnaire for the six linkages 

To compare the linkages that were ranked higher to those that were ranked lower, by the 
company judge, the six Work Unit and Support linkages were divided into two groups. 
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The top three linkages (WU I, WU2 & WU3) were combined together into a group called 
·Hi-group' and the bottom three linkages (WU4, WU5 & WU6) were combined together 
into a group called •Lo-group,' and the following observations were made. 

Positive Expectations 

The Table 5-11 shows that the Hi-group chooses a ratio of 5.92 positive-to-negative 
expectations compared to 3.74 for the Lo-group, or about 58% more positive-to-negative 
than the Lo-group. (See footnote6 for an explanation of the averages in the body of the 
table.) 

Compan A 
Chosen by Positive Negative Ratio 

8.56 1.44 5.92 
7.89 2.11 3.74 

Table S-11: Ratio of Positive expectations 

Positive expectations indicated exactly what behaviour was acceptable, 'good-to-do' and 
should happen more often, for example: "A work order was completed and clearly describes 
the problem and it's location on the machine." On the other hand, a negative expectation was 
less specific and leaves open the possibility for other not-acceptable behaviour. For 
example, "A work order was given to Maintenance for a repair which should have been done by 
the Work Team," was a behaviour that was 'not-good-to-do' and should happen less often. 

Expectation Agreement 

The Table 5-12 compares the instances of agreement on expectations selected from the 
Questionnaire to instance of no-agreement. That is, the table shows that the Hi-group has 
a ratio of 1.61 agreement to no-agreement compared to 0.93 for the Lo-group, or about 
73% more agreement than the Lo-group. 

6 For the Hi-group & Lo-group, the Table 5-11 averages the 5 expectations selected by a Work Unit person 
and the 5 expectations selected by a Support person, across all combinations, and then calculates a ratio of 
Positive-to-Negative expectation choices. 



Company A 
HI-group Lo-group 

Agreements Total Percentage Total Percentaae 
Choices by item Cumulative Choices by item Cumulative 

All 16 26.7% 12 20.0% 

Partial 21 35.0% 61.7% 17 28.3% 48.3% 
None 23 ( 38.3% 31 51.7% 

TOTAL 60 100.0% 60 100.0% 
Ratio of Agreement to No-agreement = 1.61 0.93 

Table 5-12: Ratio of' All' & 'Partial' agreement 

In the table, agreement of the Work Unit and the Support Group to expectations in the 
Questionnaire were defined as: 'All' means that the Support person and the three Work 
Unit members agreed that a particular issues was important; 'Partial' means that the 
Support person and one or two Work Unit members felt that a certain issue was 
important; 'None' means that only the Support or Work Unit person indicated that an 
issue was important. The body of Table 5-12 (see footnote7 ) gives the percentages that 
each of these ·agreements' occurred as a percentage of the 'TOTAL·, and the ratio of 
• All' & 'Partial' agreement to ·None'. 

Expectation Variance 
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Table 5-13 shows, for the linkages in the Hi-group and Lo-group, that of a!l8 of the 16 
expectations on the Questionnaire 31.3% were held in common by the Hi-group and Lo­
group, 12.5% were unique to either the Hi-group or Lo-group, and 56.3% were not 
selected by either. This is further detailed in the next table. 

Company A 
Expectation Number Percent 

Selected All I Selected 
Common 5 31.3 71.4 .......... 
Unique 2 12.5 28.6 

-Not selec·teif 9 56.3 
16 

Table 5-13: Expectations selected from Questionnaire 

7 For the Hi-group & Lo-group, the Table 5-12 summarizes the 5 expectations selected by the 3 Work Unit 
persons and the I Support person, across the 3 groups { 5 * (3 + I) * 3 = 60}, and then calculates a ratio of 
• Air & 'Partial' agreement to ·None'. 
8 The 'Selected' column does not include the not-selected expectations, so 71.4% of the selected 
expectations were held in common. 
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For the Hi-group and Lo-group individually Table 5-14 gives the priority-weight or 
relative weighting given to the Questionnaire expectations. The top part of the table gives 
a breakdown of the weights in the two categories of •common' and 'unique' used above. 
The priority-weight was indicative of which expectations would be acted on first, for 
example, for the Hi-group 94.4% of their priority was directed to expectations that were 
held in common with the Lo-group. 

Comoanv A 
Expectation Hi-arOUD Expectation Lo-arouD 

Selected Weiaht I Percent Selected Weiaht I Percent 
Common 186 94.4 Common 145 90.1 ............................... 

....... Uni.gue ....... 11 5.6 Uniaue 16 9.9 

197 I 161 I 
Expectation Hi-arOUD Expectation Lo-arouD 

Letter Weight I Normalized Letter Weight I Normalized 
p 60 32.3 p 80 55.2 ............... 
I 53 28.5 I 39 26.9 

•••••••••• F 38 20.4 J 16 11.0 .......... -···-······--··-····· J 25 13.4 F 6 
···1 

4.1 
H 10 5.4 H 4 2.8 •••••••••• ............. 

186 I 145 I 
Variance =I 119.9 Variance =I 478.5 

Table 5-14: Distribution of Priority-weight 

In the bottom pan of Table 5-14 has a break down of the specific expectations (see 
footnote9 for a description of the 'expectation letters') held in the common category. The 
priority-weights had been normalized so a comparison could be made between the Hi­
group and the Lo-group. The Lo-group had a variance of 478.5 between the five 
expectations compared to 119.9 for the Hi-group for the same five expectations, or 
almost 300% more variance. The Lo-group has 55.2% of it's priority focused on one 
expectation 'P', the training issue, while the Hi-group had 32.3% for the same 
expectation. 

9 The expectation 'letter' was a particular question in the Questionnaire for Company A: P = 
Maintenance has repaired a machine, and now explains to the operator what the problem was and what to 
do next time the problem happens; I= Maintenance repairs a machine, and stays at the machine until it is 
tested by a team member and successfully cycles; F = An emergency work order is given to Maintenance, 
they come, fix it, and the repair to the machine is done in less than I hour; J = A work order is completed, 
Maintenance arrives to repair a machine, a team member is standing by to explain and help; E = A work 
order is completed and clearly describes the problem and it's location on the machine; H = Maintenance 
arrives to repair a machine, and the machine is clean of all tools, parts, chips and oil; M = Maintenance 
completes repairing a machine, and has to wait for an operator to verify that it works. 
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Summarv for the six Work Unit linkages 

These results show that the Hi-group had a higher ratio of positive-to-negative 
expectations, had a higher ratio of agreement on important expectations, and differences 
in the priority-weights placed on expectations. These characteristics have potential for the 
improvement of the performance of the C-formula, as will be presented in the discussion 
section. 

5.3.3.2 Other Findings from the interviews of Work Units 

This sub-section will report some further findings that bolster the previous sub-section 
and illustrate some of the reasons for the differences between the Effective and not-as­
effective Work Unit and Support Group linkages. 

Background 

As part of the development of the Expectation Range Model, the management of 
Company A was asked to select two Work Units that represented extremes in the 
performance of their operations teams and these Work Units were designated 'Effective' 
(called Effective in tables below) and 'Not-as-effective' (N-effective). Then ten members 
from each team were interviewed and as part of the interviews the Work Unit members 
were asked to identify a Support Group that was important to their team's performance. 
For the Support Group that was selected by the majority of both the Effective and N­
effective Work Units, four members of that Support Group were also interviewed. Base 
on these twenty-four interviews 177 behaviour examples were collected and categorized 
by the researcher, then verified by an independent person. That is, using a 20% sample 
the independent person was asked to classify the behaviour examples using the 
researcher's categories, and the number of agreements was 80%. 

Positive Expectations 

The interviews identified behaviours that were considered by the Work Unit or Support 
Group as being positive or good-to-do (labeled DO in the table below), or negative or 
not-good-to-do (NOT DO) in their task situation. In Table 5-15, for the behaviour 
examples that were considered to be unique (see footnote 10 for a breakdown of the 
common and unique categories), the Effective and N-effective Work Units had ratios of 
2.00 and 1.53 positive-to-negative behaviour expectations respectively - the Effective 
ratio was about 30.4% higher. 

10 The 177 behaviour examples were classified into 11 categories: 5 categories were considered 'common· 
to both the Effective and N-effcctive Work Units and contained about 53.7% of the examples; 3 categories 
were considered 'unique· to the Effective Work Units and contained about 19.8% of the examples; and the 
other 3 categories were considered 'unique· to the N-effective Work Unit and contained about 26.6% of the 
examples. Sec Table 5-17 for the actual categories. 
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For example, in the table the DO column contains positive statements about something 
that should be done more often, like, "After you fix a job, stay there until it cycles, "(this was 
from the category • After Fixing' see Table 5-17). And, "Repair something and leaving a 
mess," was a negative statement about something that should not be done in the NOT DO 
column (also in the category • After Fixing'). 

Unique I Percent I Ratio 

I 
Effective 100 18 ; 66.7% . 2.00 

INot do 9 i 33.3% 
27 

I 
N-effective IDO 23 i 60.5% . 1.53 I 

!Not do 15 l 39.5% . 
38 I 

Table 5-15: Positive expectation ratio 

Expectation Agreement 

Table 5-16 shows that the Effective Work Unit and their Support Group provided 89 
behaviour expectation examples and 61 (68%) of them 'matched' while the balance were 
only mentioned by the Work Unit or Support Group. This was a ratio of 2.18 agreement 
on matching expectations vs. none-matching expectation examples. On the other hand, 
the N-effective Work Unit had a matching ratio of 1.51, so the Effective Work Unit ratio 
was 43.9% higher. 

Effective Examples I Percent I Ratio 
Match= 61 68.5% 2.18 ........... 

Work Unit only= 20 22.5% 
Support only = 8 9.0% 

89 I 
N-ettective 

Match= 53 60.2% 1.51 
Work Unit only= 26 29.5% 

Support only = 9 10.2% 
88 I 

Table 5-16: Matching Expectation examples 

In the table the terms are: 

• 'Match' means that the behaviour example provided by the Support person and a 
Work Unit member were similar in intent, for example, in the After Fixing category 
the Support person has the example of "stick around until we understand what was 
happening" while the Work Unit has the matching example of "stand there with them, 
show them the problem"; 



• ·work Unit only' means that the behaviour example provided by the Work Unit 
member does not have corresponding Support person example. 

• 'Support only· means that the behaviour example provided by the Support person 
does not have corresponding Work Unit member example; 

Expectation Dissimilarity 
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The 177 behaviour expectation examples were classified into the 11 categories in Table 
5-17 and a ratio was taken of the number provided by the Effective Work Unit and their 
Support Group, to the number provided by the N-effective Work Unit and their Support 
Group (Eff-to-Neff Ratio). In Table 5-17 a ratio of 2 or higher (highlighted at top) was 
considered to be mainly attributed, or unique, to the Effective Work Unit; while a ratio of 
0.5 or less (highlighted at bottom) was considered to be mainly attributed, or unique, to 
the N-effective Work Unit. The middle five categories of the table were fairly evenly 
shared. 

Cateaorv Effective I N-effedive IRatio . 
I I 

after fixing - - - -6 - - - -:- - - - - - - - - - -: 6.00 
plan - - --9 - - - -:- - - - - 2 - - - - -: 4.50 
work order j2 I 6 I 2.00 ,,_ I 

come to fix 11 I 7 I ---------_._ ----------· 1.57 
attitude of unit 7 I 5 I 

---------~----------' 1.40 
assist fix 16 I 12 I 1.33 
attitude of support ---------~----------· 10 I 9 I 1.11 ---------~----------· fix quickly 9 I 9 I 1.00 
trairing ---------r---------- 0.15 2 I 13 I 

fix by team ---------~ ----------. 0.32 7 I 22 I 

measurement ---------r----------• 0.33 I 3 I 

I I 

Table 5-17: Unique differences 

One view of this is that these unique expectations differentiate the effective from the not­
so-effective linkages. For example, the effective linkages supply accurate information 
and take actions that prevent and anticipate future problems that might impact 
productivity. This was contrasted with the not-as-effective linkages where conflict over 
metrics and control issues were characteristic. (See footnote11 for examples of the 
'unique' categories). 

11 Unique to the Effective Work Unit: After Fixing, "after you fa a job, stay there until it cycles"; Plan. 
"let us know how much time will be missed"; Work Order. "define problem, he specific. " Unique to the N­
effective Work Unit: Measurement. "mainlenance must justify their ti.me through m,rk orders•; Training, 
"tell us how to fa things so K~ can do it our selves (TPM) "; Fix by team. "don't fa it themselves if they 
don't know the answer." 
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These results are comparable to the analysis of the Hi-group in that it shows that the 
Effective Work Unit had a higher ratio of positive-to-negative expectations. had a higher 
ratio of agreement on important expectations. and differences in the priority-weights 
placed on expectations. These characteristics have potential for the improvement of the 
performance of the C-formula, as will be presented in the discussion section. 



5.4 Company B 

5.4.1 Site Detail 

Company B was a repair division of a multi-national Corporation that provided high­
technology telephony, wireless networking and Internet products and applications. The 
Work Units operated in a cellular manufacturing environment with test technicians and 
repair operators responsible for all day-to-day and planning aspects of their area. The 
Work Units were assisted in their network of relationships by a management support 
group called Business Unit Managers. 

5.4.2 Data, Analysis & Results 
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The next three sub-sections will present the data for the three terms of the Expectation 
Range Model· s C-formula: Concept of Importance; Concept of Priority; and Concept of 
Acceptability. Together they comprised the Perceived Consistency of the Linkage 
measure. and their relative weighting was represented respectively by the notation in 
brackets: unweighted C(l 11) and weighted C(l3 l). Appendix 8.7 gives complete data 
from the case study at Company B. 

5.4.2. I Concept of Importance (C,) 

The Work Unit or Support Group person selected a set of expectations from the 
Questionnaire that they felt was the most important to do, or not-do, in their relationship 
with their linkage partner. Then the sets of expectations for all combinations of persons in 
the Work Unit and Support Group were compared to identify where there was agreement 
on the important expectations. The C 1 formula captured all of these combinations and 
converted them into a score between O and l for each Work Unit/Support Group. 

Ranked Results 

The expectations selected by the Work Unit or Support Group person individually were 
the ones that they felt were the most strategic linkage behaviours and the ones which they 
felt should (not) happen. One view of this was that to the extent that both partners in the 
linkage could agree, were consistent, on what were the right actions to be taken, the more 
often these actions would be taken and the more effective the linkage would be. 

The C 1 results are presented in Table 5-18. The table lists the six Work Unit/Support 
Group linkages across the top, with the calculated score (Cl-value) and comparable 'Cl­
rank' for each; and the expert Support Group Management 'judge' ranking. For example, 
the score for Work Unit #1 (WUl) was .666 and ranked #1 of the six Work Units for 
consistency as interpreted from CI-values and it was like-wise ranked #1 in effectiveness 
of the linkage relationship by the Company B Judge. 



lWU1lWU2lWU3lWU4!WUS!WU61 
C1-value = 0.666 0.4 0.399 0.132 0.199 0.399 
C1-rank = 1 2 3.5 6 5 3.5 

Judge rank= 1 2 3 4 5 6 

Table 5-18: Cl Results and Ranks 
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The table in Table 5-19 shows the number of 'Match' rankings, using a Strict and a 
Relaxed interpretation for the data from Table 5-19, where the designation 'yes' was a 
match between the ranking of Cl and the Judge. There were three matches for the Strict 
case and four matches for the Relaxed case. 

Strict C1 
Relaxed C1 

wu, WU2 I WU3 WU4 I wus I WU& 
L. .... ves ····-.l·--···yes ····-l--------~ ....... yes ........... 1 __ ......., 
L_ __ yes 1 yes 1 yes ~ .... _y~s. ____ ______ 

Table 5-19: Strict and Relaxed Matching 

Match 
3 
4 

The Strict case, with three matches was moderately significant (p = .0556). Given that the 
CI score for WU3 gives a ranking very close to those of the Judge an exact match of 4 as 
given in the Relaxed case seems reasonable. Ross' probability of obtaining 4 exact 
matches out of 6 if the ranking were done randomly was significant (p = .0208). Welch's 
more conservative probability for 4 matches with one tie was significant (p = .0389). 

5.4.2.' Concept of Priority (C2) 

The \Vork Unit or Support Group person assigned ranks, priority-weights, to the set of 
expectations selected from the Questionnaire. Then the ranked sets for all combinations 
of persons in the Work Unit and Support Group were compared to identify where there 
was agreement on the expectations' priority-weight. The C2 formula captured all of these 
combinations and converted them into a score between O and 1 for each Work 
Unit/Support Group. 

Ranked Results 

The ranking of expectations, through priority-weights, by the Work Unit or Support 
Group person was an expression of their individual desire for a certain critical behaviour 
response to happen. One view of this was that to the extent that both partners in the 
linkage could agree on the most crucial actions, the more likely they were to occur. 

The C2 results are presented in Table 5-20. The table lists the six Work Unit/Support 
Group linkages across the top, with the calculated score (C2-value) and comparable 'C2-
rank' for each; and the expert Support Group Management 'judge' ranking. For example, 



the score for Work Unit #1 (WUl) was .686 and ranked #1 of the six Work Units for 
consist·~ncy as interpreted from CZ-values and it was also ranked #1 in effectiveness of 
the linkage relationship by the Company B Judge. 

I wu1 I wu2I WU3! WU4! wusl wu&I 
C2-value = 0.686 0.473 0.420 0.110 0.116 0.275 
C2-rank = 1 2 3 6 5 4 

Judge rank= 1 2 3 4 5 6 

Table S-20: C2 Results and Ranks 

The table in Table 5-2 I shows the number of ·Match· rankings. using a Strict and a 
Relaxed interpretation for the data from Table 5-20, where the designation 'yes· was a 
match between the ranking of C2 and the Judge. There were four matches for the Strict 
case and the Relaxed case. 

Strict C2 
Relaxed C2 

WU1 l WU2 WU3 WU4 WU5 WU& 
l._._yes .... L.. .... Y._es_.....__y._e_s _ _,_ ___ ,,__~Y,_e_s_..,._ __ __, 
L.. .... xes ·-·_j--y_e_s_~_yes ...... .! _____ y__es_~--~ 

Table S-21: Strict and Relaxed Matching 

Match 
4 
4 

Both C2 rankings gave an exact match of 4. Ross' probability of obtaining 4 exact 
matches out of 6 if the ranking were done randomly was significant {p = .0208). 

5.4.2.3 Concept of Acceptability (C3) 
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The Work Unit or Support Group person assigned an acceptability range -- defined by 
the actual, better and worse frequency indications -- to the set of expectations selected 
from the Questionnaire. Then the 'actual 12 ' frequency value for all combinations of 
persons in the Work Unit and Support Group were converted into an overlap percentage. 
The C3 formula captureed all of these combinations and converted them into a score 
between O and I for each Work Unit/Support Group pair. 

Ranked Results 

The 'range' of behaviours was what response the Work Unit or Support Group found 
acceptable. Beyond this range were behaviours which were considered to be 
unacceptable and may have impacted the performance of the linkage. That is, when 
response was below the standard expected the linkage relationship could deteriorate. One 

12 Range issues were discussed in Appendix 8.5.5. l. 
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view of this was that to the extent that the ranges for the Work Unit/Support Group pairs 
overlay each other, agreeable response actions would be taken. 

The C3 results are presented in Table 5-22. The table lists the six Work Unit/Support 
Group linkages across the top, with the calculated score (C3-value) and comparable 'C3-
rank' for each; and the expert Support Group Management 'judge' ranking. For example, 
the score for Work Unit #1 (WUI) was .557 and ranked #1 of the six Work Units for 
consistency as interpreted from C2-values and it was also ranked #1 in effectiveness of 
the linkage relationship by the Company B Judge. 

! WU 1 ! WU 2 ! WU 3 ! WU 4 ! WU 5 ! WU 6 l 
C3-value = 0.557 0.357 0.330 0.103 0.155 0.209 
C3-rank = 1 2 3 6 5 4 

Judge rank= 1 2 3 4 5 6 

Table 5-22: C3 Results and Ranks 

The table in Table 5-23 shows the number of ·Match' rankings, using a Strict and a 
Relaxed interpretation for the data from Table 5-22, where the designation 'yes' was a 
match between the ranking of C3 and the Judge. There was four matches for both the 
Strict case and the Relaxed case. 

I WU 1 I WU2 WU3 WU4 wus WU& Match 
Strict C3 L_ __ yes j y_es y_es y_es 
Relaxed C3 t_ ____ y~s ...... L.__y_es y_es y_es 

Table 5-23: Strict and Relaxed Matching 

Both C3 rankings gave an exact match of 4. Ross' probability of obtaining 4 exact 
matches out of 6 if the ranking were done randomly was significant (p = .0208). 

5.4.2.4 Perceived Consistency of the Linkage (C) 

4 
4 

The consequent Work Unit and Support Group C1, C2 and C3 scores were brought 
together in the Perceived Consistency of the Linkage (C) formula. This equation applied 
a 'weight 13 ' to the individual scores and converted them into a final score between O and 
I, for each Work Unit/Support Group linkage, as a point within the solution space. 
Higher values of C were indicative of a higher amount of inter-group consistency in the 
Work Unit/Support Group linkage. The results for a weight of (111) are presented first 
then the contrasting results with weight ( 131 ). 

13 Weight issues were discussed in Appendix 8.5.6.l. 
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WEIGHT- C(lll) 

Ranked Results 

The C(lll) results are presented in Table 5-24. The table lists the six Work Unit/Support 
Group linkages across the top, with the calculated Cl, C2 & C3 scores, the weighted 
C( 111 )-value and comparable ·c-rank' for each WU; and the expert Support Group 
Management 'judge' ranking. For example, the C( 111 )-value for Work Unit #I (WU I) 
was .639 and ranked #1 of the six Work Units for consistency and it was also ranked #1 
in effectiveness of the linkage relationship by the Company B Judge. 

j_w_u_1 __ w_u_2___,..__w_u_3___,_w_u_4 __ w_u_s ___ w_u_&___.I Weight 

C1 
C2 
C3 

C(111) = 

C-rank = 

Judge= 

. 0.666 0.400 0.399 0.132 0.199 0.399 1 
[ o.6_86 __ ._o_.4_7_3__,"---o_._42_0 ___ 0_.1_1_0-...,,.......o_._11_s_,___o._2_15_ 
L.. ... 9.557 0.357 0.330 0.103 0.155 0.209 .... .i 

0.639 0.413 0.385 0.116 0.160 0.304 

,.....-----::----c,.....-~---~--,c---,--........ -···························· 
1 2 3 6 5 1 4 1 ·····-------------------------....... ---
1 2 3 4 5 6 

Table 5-24: C(lll) Results and Ranks 

1 
1 
1 

The table in Table 5-25 shows the number of 'Match' rankings, using a Strict and a 
Relaxed interpretation for the data from Table 5-24, where the designation ·yes' was a 
match between the ranking of C( 111) and the Judge. There were four matches for both 
the Strict case and the Relaxed case. 

1---S_tr_ic_t _...,.C(111)= 
Relaxed C(111) = 

I WU1 WU2 WU3 I WU4 WUS I WU& 
L.__ .. .Y.es y_es , Y~! .......... 1 ---L .. _.Y.es ..... ..1,----
t_ y_es __ ~y_e_s __ .l·-···.Yes l l ....... Yes ... _ .. _l __ _ 

Table 5-25: Strict and Relaxed Matching 

Match 
4 
4 

Both C( l I l) rankings gave an exact match of 4. Ross' probability of obtaining 4 exact 
matches out of 6 if the ranking were done randomly was significant (p = .0208). 
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WEIGHT- C(l31) 

The weights recognize the differing contribution of the Ci components. For instance, C1 

alone may differentiate the Work Units at a site when several or most were not-very­
effective, but as the Work Units become more effective, or were clustered closer together 
in terms of effectiveness, then the contribution of C2 and C3 would be required. 

The C(131) results represents one possible combination of the terms and is presented 
here to illustrate the impact of weighting. A discussion of other weights is given in 
Appendix 8.5.6. l. 

Ranked Results 

The C(131) results are presented in Table 5-26. The table lists the six Work Unit/Support 
Group linkages across the top, with the calculated Cl, C2 & C3 scores, the weighted 
C( 131 )-value and comparable ·c-rank' for each WU; and the expert Support Group 
'.\fanagement 'judge' ranking. For example, the C( 131 )-value for Work Unit #1 (WUI) 
\vas .674 and ranked #I of the six Work Units for consistency and it was ranked #I in 
effectiveness of the linkage relationship by the Company B Judge. 

WU1 WU2 WU3 WU4 WU5 WU& Weight 

c, 

L 
0.666 0.400 0.399 0.132 0.199 0.399 1 

C2 0.686 0.473 0.420 0.110 0.116 0.275 3 
C3 0.557 0.357 0.330 0.103 0.155 0.209 1 

C(131) = 0.674 0.457 0.411 0.112 0.130 0.283 

C-rank = 1 2 3 6 5 4 

Judge= 1 2 ·- 3 4 5 6 

Table 5-26: C(131) Results and Ranks 

The table in Table 5-27 shows the number of 'Match' rankings, using a Strict and a 
Relaxed interpretation for the data from Table 5-26, where the designation 'yes' was a 
match between the ranking of C( 131) and the Judge. There were four matches for both 
the Strict case and the Relaxed case. 

Strict C(131) • 
Relaxed C(131) = 

wu, I WU2 I WU3 I WU4 I wus 
yes yes yes yes 
ves yes yes yes 

Table 5-27: Strict and Relaxed Matching 

WU6 Match 
4 
4 



Both C( 131) rankings gave an exact match of 4. Ross' probability of obtaining 4 exact 
matches out of 6 if the ranking were done randomly was significant (p = .0208). 

5.4.3 Analysis of Expectations for Company B 
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These sub-sections will provide some additional analysis to show some of the underlying 
reasons for differences between linkage Consistency scores by looking in more detail at 
the Questionnaire results. (NOTE: There is no interview analysis for Company B because 
Expectation Range Model had been developed prior to this site study, and the method had 
been changed to exclude not-as-effective expectations.) 

5.4.3. l Other Findings from the Questionnaire for the six linkages 

To compare the linkages that were ranked higher to those that were ranked lower, by the 
company judge, the six Work Unit and Support linkages were divided into two groups. 
The top three linkages (WU l, WU2 & WU3) were combined together into a group called 
•Hi-group' and the bottom three linkages (WU4, WU5 & WU6) were combined together 
into a group called 'Lo-group,' and the following observations were made. 

Positive Expectations 

The Table 5-28 shows that the Hi-group chooses a ratio of 14.0 positive-to-negative 
expectations compared to 5.92 for the Lo-group, or about 136% more positive-to­
negative than the Lo-group. (See footnote 14 for an explanation of the averages in the body 
of the table) 

Company B 
Positive Negative Ratio 

9.33 0.67 14.00 
8.56 1.44 5.92 

Table 5-28: Ratio of Positively worded expectations 

Positive expectations indicate exactly what behaviour was acceptable, 'good-to-do' and 
should happen more often, for example: "The work unit gives Production Control enough 

14 For the Hi-group & Lo-group. the Table 5-28 averages the 5 expectations selected by a Work Unit 
person and the 5 expecta1ions selected by a Support person. across all combinations, and then calculates a 
ratio of Positive-to-Negative expectation choices. 



notice to get more work or to drop ship to the Customer." On the other hand, a negative 
expectation was less specific and leaves open the possibility for other not-acceptable 
behaviour. For example, "The work unit goes 2 or 3 days without letting Production Control 
know about getting a product," was a behaviour that was •not-good-to-do' and should 
happen less often. 

Expectation Agreement 
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The Table 5-29 compares the instances of agreement on expectations selected from the 
Questionnaire to instance of no-agreement. That is, the table shows that the Hi-group has 
a ratio of 1.3 l agreement to no-agreement compared to 0.43 for the Lo-group, or about 
2059c more agreement than the Lo-group. 

Company B 
HI-group Lo-group 

Agreements Total Percentage Total Percentage 
Choices by item Cumulative Choices bv item Cumulative 

All 16 26.7% 
Partial 18 30.0% 56.7% 18 30.0% 30.0% 

None 26 43.3% 42 70.0% 

TOTAL 60 100.0% 60 100.0% 
Ratio of Agreement to No-agreement = 1.31 0.43 

Table 5-29: Ratio of 'All' & 'Partial' agreement 

In the table, agreement of the Work Unit and the Support Group to expectations in the 
Questionnaire were defined as: 'All' means that the Support person and the three Work 
Unit members agreed that a particular issues was important; 'Partial' means that the 
Support person and one or two Work Unit members felt that a certain issue was 
important; 'None' means that only the Support or Work Unit person indicated that an 
issue was important. The body of Table 5-29 (see footnote 15) gives the percentages that 
each of these 'agreements' occurred as a percentage of the 'TOTAL', and the ratio of 
'All' & 'Partial' agreement to ·None'. 

15 For the Hi-group & Lo-group, the Table 5-29 summarizes the 5 expectations selected by the 3 Work 
Unit persons and thel Support person, across the 3 groups {5 • (3 + 1) • 3 = 60), and then calculates a ratio 
of 'Air & ·Partial' agreement to ·None'. 
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Expectation Variance 

Table 5-30 shows, for the linkages in the Hi-group and Lo-group, that of all 16 of the 16 
expectations on the Questionnaire 25.0% were held in common by the Hi-group and Lo­
group, 43.8% were unique to either the Hi-group or Lo-group, and 31.3% were not 
selected by either. This was further detailed in the next table. 

Comoanv B 
Expectation Number Percent 

Selected All I Selected 
Common 4 25.0 36.4 

Unig!:,'_~--- 7 43.8 63.6 
Not selected 5 31.3 

16 

Table S-30: Expectations selected from Questionnaire 

For the Hi-group and Lo-group individually Table 5-31 gives the priority-weight or 
relative weighting given to the Questionnaire expectations. The top part of the table gives 
a breakdown of the weights in the two categories of 'common' and 'unique' used above. 
The priority-weight was indicative of which expectations would be acted on first, for 
example, for the Hi-group only 51.9% of their priority was directed to expectations that 
were held in common with the Lo-group. 

Companv B 
Expectation Hl-arouD Expectation Lo-arouD 

Selected Weight I Percent Selected Weiaht I Percent 
Common 82 51.9 Common 70 59.3 

....... Unigue ...... 76 48.1 Unique_ .... 48 
i 

40.7 ... 

158 I 118 I 
Expectation Hl-arouD Expectation Lo-arOUD 

Letter Weight I Normalized Letter Weiaht I Normalized 
C 33 ; 40.2 H 27 38.6 

•• ······G············ ·----------···········-- ·--··21 • 25 30.5 G 30.0 
H············· ....... 

16 12 14.6 L 22.9 .............. ........ 
L 12 14.6 C 6 8.6 .............................. 

82 I 70 I 
Variance =I 159.1 Variance =I 161.2 

Table S-31: Distribution of Priority-weight 

16 The 'Selected' column does not include the not-selected expectations, so 36.4% of the selected 
expectations were held in common. 



In the bottom part of Table 5-31 was a break down of the expectations (see footnote 17 for 
a description of the 'expectation letters) held in the common category. The priority­
weights had been normalized so a comparison could be made between the Hi-group and 
the Lo-group. The Lo-group has a variance of 161.2 between the four expectations 
compared to 159.1 for the Hi-group for the same four expectations, almost the same 
variance. 

Although both the Lo-group and the Hi-group had a similar variance of their priorities, 
the expectations were in a slightly different priority order. For example, the Hi-group 
gave expectation 'C' a priority-weight of 33 and expectation 'H' a priority-weight of 12; 
while the Lo-group, in reversed order, gave expectation ·c· a priority-weight of 6 and 
expectation 'H' a priority-weight of 27. 

\Vhat was 'unique' for each of these two groups was given almost as much priority­
\veight as what was 'common'. In fact the unique category receives 48. l % and 40.7% of 
the priority of the Hi-group and Lo-group. (NOTE: This was a different result than 
Company A and will be presented in the discussion section within the context of the 
relative strength of the two companies' teams.) 

Conclusion for the six Work Unit linkages 

These results support the analysis for Company A in that it shows that the Hi-group had a 
higher ratio of positive-to-negative expectations, had a higher ratio of agreement on 
important expectations, and differences in the priority-weights placed on expectations. 
These characteristics have potential for the improvement of the performance of the C­
formula, as will be presented in the discussion section. 

17 The expectation 'letter' was a particular question in the Questionnaire for Company 8: J = 
Production Control gives the work unit visibility on what work is coming; C = The work unit gives 
Production Control enough notice to get more work or to drop ship to the Customer; G = The work unit is 
keep up-to-date on the age-old report; M = The work unit replenishes EDI & reman, so there is enough 
stock when a drop-ship is required; K = The work unit is flexible enough to meet a Customer time frame of 
"within a day."; H = Production Control keeps the work unit aware of any exceptions, like large orders, so 
the work unit can ramp-up or be prepared; L = Production Control gives a timely response (few hours) 
when the work unit docs not have any work; N = Production Control understands what the work unit docs 
and how their process works; I = The work unit relates all information that Production Control needs for 
their job; A = The work unit is aware of what Production Control does; 0 = Production Control is in a lot 
of meetings and this reduces communication and response time. 
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5.5 Summary of the Results 

The results for the six Work Unit/Support Group linkages in each of the two case studies 
show that the scores from the Perceived Consistency of the Linkage (C) formula vary 
with the effectiveness of individual Work Unit linkages - more effective Work Unit 
linkages had, in general, higher C values. One explanation of this might be that the Work 
Units and Support Groups in the more consistent linkages understand their task situation 
better. For instance, even though the effective and not-as-effective Work Units may have 
both been trained to know which expectations were important, so they had similar C 1, the 
not-as-effective Work Unit may not have the experience to prioritize their expectations or 
know exactly how they should occur, so they could have smaller C2 and C3 values. 

The additional analysis sub-sections provided some supplementary insight into the 
underlying reasons for the differences between the rankings of Work Unit linkages. For 
instance. the Hi-group (and Effective Work Unit) selected more positive expectations, 
were more in agreement with their Support Group on important expectations, and placed 
priority-weights on expectations in a manner that was different from the Lo-group (and 
the N-effective Work Unit). The results will be discussed fully in the next section. 



6 Discussion 

6.1 Overview 

The discussions will start with interpretations of the Results and short comings of the 
Method from Company A & B, and these sub-sections will also offer criticisms and 
alternative explanations. Then the discussion will tum to suggestions for Future 
Research. A section follows these on Implications for Organizations and Practice, and 
wraps up with a Conclusion. 

6.2 Results 

The discussion of the results for Company A & B will first look at the scores from the 
Consistency formula and then bring into focus some of the underlying reasons for the 
differences between effective and not-as-effective linkages. 

6.2.1 Quantitative Results 
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This sub-section will discuss the performance of the Perceived Consistency of the 
Linkage. as represented by the C-formula below. It is comprised of three terms and their 
associated weights: C 1, Concept of Importance; C2, Concept of Priority; and C3 , Concept 
of Acceptability Range. 

C 
"./Cwic1 J~ hcz J2+-hc3 J2 

- V hJ
2 

+ CwzJ2 + ( w3J
2 

Table 6-1 summarizes the tests of the C-formula and its three Ci terms with the 'stop­
light' key shown in Table 6-2. For each company the Ross test is indicated for the Strict 
and Relaxed situations. For example, for C 1 in Company 'A' Ross gives a red indication 
for the Strict situation and green for the Relaxed situation. 

In general, for Company A, C2 performs well in all tests, while C1, C3 and unweighted 
C( I I I) have mixed reviews. The contribution of C2 to the C( 131) score improves the 
number of matches from 2 to 4 over the unweighted case. Company A is the most 
stringent environment for the C-formula to perform because the scores are close together, 
compared to Company B, so it is more difficult for the C-formula to discriminate Work 
Unit linkages for ranking. (Appendix 8.8.1 presents a discussion of the variance of the six 
\Vork Units consistency scores in each company and shows that Company A Work Units 
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are similar to each other. they choose more expectations in common. and this may result 
in scores that are close together.) 

C1 
C2 ;;~.:~6

._-. __ ------C3 _____ _ -- -··--
C(111) 'Jt~~%i:; 
C(131)._·_' _·. _ 

Table 6-1: Test of quantitative Consistency data 

Table 6-2: Key for Table 6-1 

Company B, on the other hand, has received across the board green indicators in almost 
every situation. It performs well in tests for all Ci, unweighted C( 111 ). and weighted 
C( 131) scores, achieving 4 matches in almost all situations. Company B has been shown 
to have more variance in the score values. compared to Company A. which helps the C­
formula to discriminate between Work Units. 

It could be argued that C1 is the only term needed. It had the same or more matches than 
any other Ci term, unweighted C(l 11), and weighted C(l3 l) across both companies and 
both situations. As a measure of consistency Ci draws out the expectations that are 
consequential for both sides of the linkage- Work Unit and Support Group. That is, 
when a linkage is ranked highly by Ci it means that both the Work Unit and Support 
Group are consistent on which expectation priorities are consequential to their linkage. 

Caution should be taken to further evaluate most of the other terms before a decision is 
made to drop them. That is. there was data from only two case sites. and further study of 
their contribution is required. C1 and C3 provide other information that is not captured by 
C2, and even if they do not demonstrate an improvement in the performance of the C­
formula they may be useful in the understanding of the nature of the relationship between 
I inkage partners. The discussion will now focus on the other terms and the consistency 
formula. and makes the following proposals: 

a) A case for the not considering unweighted C(l 11); and 
b) Cases for the continued consideration of weighted C(w1,w2,WJ), C1 and C3. 
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Un-weighted Consistency formula - C(111): 

C( 111) performed moderately well in Company A, yellow indicator, but very well in 
Company B. For both companies in the relaxed situation C(l 11) performed no better than 
the individual terms. When the scores for Work Unit linkages are close together, less 
variance, as in Company A then the C( 111) could not discriminate acceptably between 
\Vork Units. 

One interpretation of this outcome is that contribution of certain terms, like C1, may 
impact the final C(l 1 I) score more than the differences between the Work Unit scores. 
To cite an instance, in the Table below for Company A and a Work Unit (WU5) was 
ranked #5 by the company Judge with a C(l 11) score of .436. The value for C1 is .531 
while the value for C2 is .353, so C1 - C2 = .178. The difference between the WU5 and 
\VU2 scores for C(l 11) is (.436 - .360 =) .076, which is smaller than WU5's C1 - C2. 

WU2 wus 

C1 0.399 0.531 
C2 0.400 0.353 1 

•••••••••••••---•••••I 

C3 0.262 0.404 

C(111)= 0.360 0.436 
rank 5 3 

C(131) = 0.390 0.378 
rank 3 5 

With the un-weighted C( 111) formula WU5 gets a rank of 3. However, when the weight 
is changed to C( 131) with a score of .378, for example, then the rank changes to 5 which 
is a match with the company Judge. This is compatible with the case for weighted 
C(w 1,w2,w3 ) which is presented next. 

\Veighted Consistency formula - C(131): 

As a base-line measure C( 111) has shown that all terms (Ci) are not equal in their 
contribution to the combined C-formula score. For both the Company A & B case study 
results C( 131) got 4 matches, which is the same as C2 and the same or more than the 
other term on their own. It should be noted that the specific weights ( 131) were used to 
illustrate the benefits of weights in the C-formula and they were just one example. 
(Appendix 8.5.6. l presents several weight values from Company A & B and the 
corresponding number of matches for the Strict and Relaxed situations, and shows that 
weights can improve the number of matches from the C-formula.) 

The results for Company A indicate that weights help in the ranking of Work Units when 
the variance between Work Units is small. The weights bring forward the contribution of 
the terms that help to refine the differences between Work Unit rankings. For example, in 
the relaxed situation, the unweighted C(l 11) = 2 matches, while the weighted C(13 l) = 4 
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matches - due to the contribution of the C2 term. It can be argued that C( 131) should not 
be kept because it does no better than the C2 term. Of course the matter of the retention of 
weights in the consistency formula assumes that the C, terms, other than C2, have a 
contribution to make to the performance of the consistency formula or to the 
understanding of the interaction between groups, and this will be presented next. 

Concept of Importance - C1: 

\Vhy did C 1 perform so well in the relaxed situation for Company A & B? C 1 has the 
advantage of being easy for the Work Unit and Support Group members to interpret and 
select from a large set of expectations, compared to C 2 and C3. For example: "Select the 
x expectations out of y that you feel are the most important in your relationship with the 
other group," is still relatively easy for the operator to do as X and/or y are increased. 
However, the tasks for C2 and C3 become harder if the C 1 selection is not done first to 
narrow the number of expectations to be prioritized or have actuals detennined for. That 
is, for C2 the concept of 'priority' requires choices between several expectations that may 
be close together in rank. By first narrowing the number of expectations to be ranked, an 
operator is not over burdened. The same can be said for C 3, the concept of assigning an 
actual frequency for a behaviour on a scale requires a knowledge of how to convert an 
occurrence to a proportion and the task can easily over burden an operator. So as a pre­
selector of important expectation for C2 and C3 the procedural operation required by C1 is 
of value. 

But C 1 also provides information about the expectations that were not selected. Because 
it is dealing with the entire set of y expectations, while C2 and C3 only deal that the x 
expectation that were selected, it may provide additional input into other discriminating 
measure like 'penalties' which might improve the contribution of C1 to the prediction the 
performance of the C-formula, as will be discussed in the Further Research section. 

Concept of Acceptability - C1: 

The Expectation Range Model presents the notions of better and worse landmarks, along 
with the "actual', to define the acceptable range. In the Questionnaire the operator was 
asked, for an important expectation, to mark on a scale like the one below, "How often does 
this Actually happen?" Then the operator was asked, for example, "The Work Team and 
Maintenance agree on something that will make things Berter" ... and mark this on the scale. 
The intent of the second question is to capture the upper boundary on the frequency of the 
expectation behaviour. 
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Despite several revisions of the Questionnaire to ease the interpretation of the wording of 
the questions and the use of examples at the Questionnaire briefing session the 'better & 



worse' landmarks have proven difficult for the operators to quantify. Some operators 
when asked to identify the frequency of occurrence of 'better' behaviour they have 
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choose an extreme value like 'always'; or interpret the question to mean "How frequently 
does a better behaviour occur?" and mark 'never'. 

The proposed C-formula uses a Proportional Actual range that does not rely on the 'better 
& worse' landmarks. It uses the actual only and has the advantage of being easy to 
quantify by the operators. One potential problem may be the responsiveness of this 
measure. The C3 score was assumed to be related to the distance between two actuals -
from the Work Unit and the Support Group. However, as illustrated in Appendix 8.5.5.l, 
the slope of the 'better & worse' lines may not be the same and an estimate of their slope 
may be an area for further investigation. (Appendix 8.5.5. I presents a comparison of a 
range based on the "actual, better & worse' landmarks and a range using a proportional 
actual, and shows that the proportional actual gives similar results by using the actual 
only.) 

It should be noted that the C3 term provides information about the linkage that is not 
available from C 1 or C2 . That is, if all work units know which expectations are important 
and rank them in a similar way then C 1 and C2 are almost the same. The C3 term may be 
the only way to discriminate the work units, by determining how they view reality- the 
'actual' occurrence of an expectation behaviour- and whether they are in agreement with 
their linkage partner. The sub-section on Future Research presents the notion that the C3 
term could be revised and refined so it can discriminate between linkages with scores that 
are close together, less variant. 

6.2.2 Analysis of Expectations 

This section will discuss some of the underlying attributes that differentiate Effective and 
not-as-effective Work Unit linkages. These attributes: Positive expectations, Agreement 
and Difference are summarized in Table 6-3, and were originally presented for Company 
A & B in Results sub-sections 5.3.3 & 5.4.3 respectively. 

Under the table heading of Company A & Bare the results for the Hi-group and Lo­
group and a reference to the Table where the results can be found. Additionally, for 
Company A similar information is tabulated for the Effective and N-effective Work 
Units. 

Attribute 

Posto Neg 

Agree to Not-agree 

Different 

Com1 anv A 
Hi vs Lo Effvs N-eff 

Results I Table Results I Table 

5.92 vs 3.74 I 5-11 2.00 vs 1.53 I 5-15 

1.61 vs 0.93 I 5-12 2.18 vs 1.51 I 5-16 

29% I 5-13 55% I 5-17 

Table 6-3: Consistency Attributes 

Company B 
Hi vs Lo 

Results I Table 

14.0 vs 5.92 I 5-28 

1.31 vs 0.43 I 5-29 

64% I 5.30 
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Looking at each ·attribute' in tum: 

(i) Ratio of Positive vs Negative Expectations: For both Company A & B the Hi­
group had a higher ratio for the selection of positive expectations to negative 
expectations compared to the Lo-group - in Company A, 58% higher and in 
Company B, 136% higher. This finding is consistent by the results from the 
Effective Work Unit where its ratio of positive to negative expectations is 30% 
higher than the N-effective Work Unit. One possible explanation for effective 
Work Unit linkages having higher positive-to-negative ratios is that positive 
behaviour expectations are more specific and tend to provide clearer 
communication between the groups. That is, when a linkage uses positive 
expectations they are precise about the behaviours that are required, and being 
consistent about positive expectations leads to exact behaviours happening more 
often in the linkage and higher perceived performance. Negative expectations 
may be more concerned with behaviours that should not happen or should be 
refrained from. Potentially, when a Work Unit and Support Group both select an 
expectation that is negative, like, "Maintenance is repairing a machine, and the 
Maintenance person criticizes a team member or the broken machine, n then they can 
stop criticizing but may still do other behaviours, like throw material around, that 
has the same negative effect on the relationship. 

(ii) Ratio of Agreement to Not-agreeing: For both Company A & B the Hi-group's 
\Vork Unit and Support Group linkages were more in agreement on important 
expectations than the Lo-group - in Company A, 73% higher and in Company B, 
205% higher. This finding is consistent with the results from the Effective Work 
Unit in Company A where the ratio of agreement to not-agreeing is 44% higher 
than the same ratio for the N-effective Work Unit. An explanation for this might 
be that when both linkage partners are more in agreement on the important 
expectations then they make consistent choices of the behaviours that influence 
their relationship and the expectation-response-evaluation cycle operates more 
frequently within the acceptable range. This illustrates the underlying proposition 
of this research that more consistent Work Unit linkages are ranked as more 
effective. 

(iii) Different prioritv-weight: 

This sub-section discusses expectations that have been given priority-weights by a 
Work Unit and their Support Group - consistent expectations - for Company A, 
then Company B. These will be supplemented by an analysis of the expectation 
categories for the Effective/N-effective Work Units of Company A. 



Consistent 
expectations that 
match 

Figure 6-1: Categories for All consistent expectations 
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For illustration, the Venn diagram in Figure 6-1 breaks these consistent 
expectations into three categories: (1) Matching expectations selected by both the 
Hi-group and the Lo-group; (2) Effective expectations selected by the Hi-group 
only; and (3) Not-as-effective expectations selected by the Lo-group only. (For 
reference, the percentage of matching expectations for Company A & Bare 71 % 
and 36% respectively, and between the Effective and N-effective Work Units is 
45%. Refer to footnote 1 for a conversion of the matching expectations from Table 
6-3 held by the Hi and Lo groups.) 

For Company A, the difference between the Hi-group and the Lo-group linkages is 
derived mainly from the different priority-weight they place on the common expectations 
(see Table 6-4 ). The Lo-group has placed over half of its priority-weight on I 
expectation, and they have about three times as much variance as Company A. This is 
supplemented by observation at the interview sessions with Effective and N-effective 
Work Units that showed that the expectations are viewed in a slightly different ways. For 
example, expectation •p• has to do with training (see footnote2 for descriptions of other 
expectations) and for the N-effective Work Unit training is necessary to keep them out of 
trouble. maintain control of their process, and isolate them from the Maintenance 
persons. On the other hand, the Effective Work Unit sees training as a way of getting to 
know their equipment and identify ways to improve their productivity. 

1 Company A: (1-.29) = .71; Company B: (l-.64) = .36; Eff-N-eff 

2 P = Maintenance has repaired a machine, and now explains to the operator what the problem 
was and what to do next time the problem happens; I = Maintenance repairs a machine, and 
stays at the machine until it is tested by a team member and successfully cycles; F = An 
emergency work order is given to Maintenance, they come, fix it, and the repair to the machine is 
done in less than 1 hour; J = A work order is completed, Maintenance arrives to repair a 
machine, a team member is standing by to explain and help; E = A work order is completed and 
clearly describes the problem and its location on the machine; H = Maintenance arrives to repair 
a machine, and the machine is clean of all tools, parts, chips and oil; M = Maintenance 
completes repairing a machine, and has to wait for an operator to verify that it works. 
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Expectation Lo-aroup 
Letter Weiaht !Normalized 

P 32.3 _______ (______ --- 53··· ---- 28.5 ---
------- F ------ •• 38 •• • 20.4 --· 
_______ j_______ --- 2s ··- • •• 13.4 ---

::::::tt:::::: ___ 1 o _________ 5.4 ___ _ 

______ P ______ ... 80 ... t .... 55.2 __ _ 
______ , __________ 39 ... L ... 26.s __ _ 

J 16 : 11.0 
►-------------- ----------·-----------· ' F 6 : 4.1 
______ H ______ .... 4 ___ j _____ 2.8 .... . . 

186 145 I 
Variance = __ 1_1 ..... 9_.9 _ _. Variance =I 478.5 

Table 6-4: Variance in Company A common expectations 

On the other hand. in Company 8 there are relatively fewer expectations held in 
common. Of the 36.4% that are common the results showed that there is very little 
difference in the variance between the Hi-group and the Lo-group (see Table 5-31 ). This 
suggests that the difference between them is derived mainly from the priority-weight they 
place on the unique expectations. This can be seen in Table 6-S where the both Hi-group 
and Lo-group placed more than 40% of their priority-weight on expectations that are held 
as unique. 

Expectation Hl-arouD Expectation Lo-aroup 
Selected Weiaht I Percent Selected Weiaht I Percent 
Common ··-- 82 ___ ; ____ 51.9 --------------------___ Unigue ____ 76 ! 48.1 

----------·--------------
Common ____ 70 ___ ,; _____ 59.3 ----

------------· ___ Unig)Je __ ---48 ___ j _____ 40. 7 ----. . . . 
158 I 118 I 

Table 6-S: Company 8 unique expectations receiving priority 

The analysis of the expectation categories for the Company A Effective and not-as­
efTective Work Units, Table 6-6 also is congruent with this interpretation. that a more 
effective Work Unit chooses expectations differently or chooses different expectations 
than a Work Unit that is less effective. 

For example, three of the eleven expectation categories in the table have a ratio of2 or 
more (highlighted at top) contain behaviour examples given more often by the Effective 
Work Unit and were assumed to be unique to them. One possible interpretation of these 
particular selections is that the differentiating expectations of the Effective Work Unit are 
related to the preparation for or anticipation of future events that might effect 
productivity. This can be contrasted with the N-effective Work Unit where the unique 
issues (highlighted at bottom) are related to potential conflict, like metrics on downtime 
service. One explanation of this is that planning vs. reacting characteristic may be one of 



the important attributes of relatively more consistent (more effective) linkages, and a 
might be an element which could possibly differentiates the good from the best. 

Cat 

come to fix 
attitude of unit 
assist fix 
attitude of support 
fix 

Effective N-effedive Ratio 

11 I 7 I 1.57 ---------~----------· 7 I 5 I 1.40 ---------~----------· 16 I 12 I 1.33 
10 :"' 9 : 1.11 ---------~----------, 9 I 9 I 1.00 

~lii~~~1:,;:m~~ 
Table 6-6: Company A unique differences 

6.2.3 Summary of Results 
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This discussion of the results has pointed out that although there was a discrepancy 
between the teams in Company A & B, the contrasts have provide a broader view of the 
underlying causes that make Effective and N-effective Work Unit linkages different. For 
example, more Effective Work Units are more consistent on the expectations that they 
hold as important and the nature of their differentiating expectations is that they are 
positive-effective expectations. On the other hand, the identification of negative-not-as­
effective expectations may be a way to augment the C-formula to spread the resulting 
scores when penalties are applied. Lastly, the weighting of the terms of the formula may 
bring together the right blend for accurate ranking. 

These topics will be explored further in the Further Research sectio~ after a discussion of 
the Method used. 

6.3 Method 

The next sub-sections will deal with some method issues, the calculation of the C­
formula and areas for improvement. These will be followed in the next section by a 
discussion of some opportunities for further research. 

6.3.1 Method Issues 

The method involves three major steps: (1) the identification of expectations to form the 
questionnaire; (2) the ranking of the expectations by the Work Unit and Support Group to 
calculate a score; and (3) comparison with the rankings ofthe management judge. Each 
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step involves some potential for error because they depend on 'good' data from a noisy 
real world environment, for example: 

• Step #I requires that the 'effective' Work Unit and their Support Group provide 
good input and that this input can be categorized, in a way that is meaningful to 
the company culture, for the questionnaire. This depends to a large extent on the 
co-operation of the workers that are interviewed. This was addressed by being 
candid with them about the purpose of the research, answering their questions 
openly and providing access to the results, and not being too onerous in the time 
required for their input; 

• Step #2 needs the Work Unit linkages to be ranked to provide good selections, 
priorities and estimates of the actual occurrence of the expectations_ Again, this 
depends on the co-operation of the workers that answered the questionnaire. They 
expected to know the purpose of the research, have a clear understanding of the 
questions they were going to answer and how the results would be used, and not 
spending too much time; and 

• Step #3 needs the expert judge that will independently rank the Work Unit 
linkages to also provide good determinations. The most serious problem was the 
tendency for the Judge to rank the work unit linkages quickly. If not enough 
thought is put into the rankings then the comparison with the C-fonnula will be 
greatly affected. One suggestion to improve the method is to have the Judge rank 
more than the six target teams in several rounds of paired rankings and then 
combine the results to identify the rankings for the six target linkages. For 
example, 8 teams (six target teams and two more) could be assigned randomly to 
pairs and the Judge would indicate which team had a more effective relationship 
with the Support Group. 

There were other practical problems with these steps, for example; 

• Si::.e of the data set: the Company management only allowed a small number of 
participants due to the time and costs involved in the case study interviews; and in 
the linkages studied there was in fact only one Support person that interacted with 
each Work Unit; 

• Situational effects: Company management could have selected another array of 
six Work Units to rank if the work load of the Units had been different; the 
Support Group and/or Work Unit person selected to do the Questionnaire could 
have been different if the Questionnaire session had been scheduled for another 
time; or the company Judge may have ranked the expectations differently at 
another time. 

The Questionnaires used in either Company A or B were based on interviews of work 
unit members at each company so they are unique to their site network, process and 
procedures. Company A questionnaire was developed before the Company B 
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questionnaire, so lessons learned from Company A could be applied to the Company B 
Questionnaire. However, there was two Method improvements that were initiated 
between the two case studies that may be issues for the calculation of the C-formula, vis: 

• Not-as-effective Work Unit expectations: The Company A questionnaire 
incorporated expectations from the effective and not-as-effective Work Units 
(Step #1 ), while Company B only included effective Work Unit expectations. 
(Note: This was an issue for the Company A questionnaire and calculated ranking 
only). 

Site Management may designate a work unit as 'effective' when it accomplishes, 
and is consistent with, management's expectations for performance. That is, the 
effective Work Unit has expectations that are consistent with management, while 
the not-as-effective Work Unit may have some expectations that would not be 
endorsed by management. By way of illustration, the Venn diagram below shows 
that there can be an overlap of similar expectations provided by the effective and 
not-as-effective Work Units - matching. However, some expectations were 
unique. For example, the effective Work Unit provided expectations about 
planning for the prevention of future problems that were not shared by the not-as­
effective Work Unit; while the not-as-effective Work Unit had expectations about 
the measurement of task activity that were not shared by the effective Work Unit. 
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The company Judge ranked Work Unit linkages based on management criteria for 
an effective linkage relationship. The Consistency measure ranked Work Unit 
linkages based on the degree of consistency in the linkage. The inclusion of not­
as-effective expectations created the opportunity for a not-as-effective Work Unit 
linkage to be consistent on expectations that might not be endorsed by 
management. That is, they might choose an expectation that is unique and familiar 
to them rather than an effective expectation. In this case the Consistency score 
might be higher and this may reduce the number of matches with the company 
Judge. 

As a method improvement the Questionnaire for Company B was based on 
expectations from an effective Work Unit (and their Support Group) only. 
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• Positively orientated expectations: The Company A Questionnaire had a 
different ratio of positively orientated expectations to negatively orientated 
expectations, 50% vs. 69% for Company B. The footnote3 gives some examples 
of positive and negative expectations. 

One outcome of the Company A Questionnaire results was that more consistent 
Work Unit linkages select more positive expectations than less consistent Work 
Units. As a modification to the Company B Questionnaire the proportion of 
positive questions was increased. The reasoning was that by increasing the 
assortment of positive expectations, Work Unit linkages would choose different 
expectations and thereby increase dispersion of the scores between Work Units. 

However, there is a concern that including a lower portion of negative 
expectations in the Company B Questionnaire gave the not-as-effective Work 
Unit linkages the opportunity to select positive expectations and 'appear' 
consistent, and defeat the consistency measure. That is, if negative expectations 
are characteristic of not-as-effective Work Units and there are only 31 % on the 
Questionnaire then a not-as-effective Work Unit may have no choice but to 
choose some positive expectations. 

This issue can not be decided from the study results. For example, Appendix 8.8.2 
gives a comparison of the percentage of positive expectations on the 
Questionnaires and the proportion of all expectations selected that were positive, 
and shows that the Company A Work Units, despite having a lower ratio of 
positive expectations to choose from compared to Company B Work Units, 
selected a higher percentage of positive expectations. Negative expectations may 
have to be recognized and treated differently as will be discussed under Future 
Research. 

3 A positive expectation is 'good-to-do', for example: "A work order is completed and clearly 
describes the problem and its location on the machine." On the other hand, a negative expectation is a 
behaviour that is 'not-good-to-do'. like: "A work order is given to Maintenance for a repair which 
should have been done by the Work Team." 



6.4 Future Research 

6.4.1 Performance improvements 

There are several opportunities for Future Research that have been addressed in the 
Results and previous discussion sections that will be summarized here and presented 
graphically in Figure 6-2. They are: 

• Positively orientated expectations: One suggestion to increase dispersion of the 
scores is to maintain a 500/o positive-to-negative expectation ratio and introduce a 
penalty for selecting negative expectations. 
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• Not-as-effective expectations: Another suggestion to increase dispersion of the scores 
is to identify the unique effective and not-as-effective expectations from 
representative effective and not-as-effective Work Units and their Support Groups 
and introduce a penalty for selecting not-as-effective expectations. 

• Weighted C-formula: Once the model has been changed for the Ci terms to take into 
account positive & negative expectations and effective & not-as-effective 
expectations then further research might look into generalizing the weight values 

• Increased number of expectations: The results for Company A indicated that when 
the scores for the Work Unit linkages are close together then the C-formula had 
difficulty in differentiating. A prospect for future research is to look at the total 
number of expectations to be selected from (y) and the total number of expectation to 
be selected (X) to determine the best values that will improve accuracy of the score 
without a decrement in the quality of the input from the operators due to over 
burdening. 

Figure 6-2: C-formula performance improvements 
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The graphic in Figure 6-2 as a whole represents the C-formula, and contains: 

• the three Ci terms and their relative weights wi. 

• the larger C1 circle contains the set of all expectations that a Work Unit or 
Support Group can select from, of sizey. The two smaller circles, C1 & C3 (and 
the small circle in C1), are the set of •selected' expectations, of size x. 

• each circle is quartered by two lines: the horizontal line is the array of 
expectations for the characteristic not-as-effective (N-eff) to effective (EIT); and 
the vertical line is the array of the same expectations for the characteristic called 
positive orientation (Pos) to negative (Neg). 

• the green quadrants represent areas of effectiveness ... positive-effective 
expectations; and the red quadrants represent areas of not-as-effectiveness ... 
negative-not-as-effective expectations. 

As has been presented in the results discussion, all the Ci terms should be re-evaluated 
before a decision is made to drop them - two case sites is not enough. C1 and C 3 provide 
other information that is not captured by C1, and even if they do not demonstrate an 
improvement in the performance of the C-forrnula they may be useful in the 
understanding of the nature of the relationship between linkage partners. For example, C1 

can provide information about expectations that are not selected, and C3 could be refined 
to discriminate between close work unit scores. 

Future research could be undertaken by doing the proposed changes to the model and C­
formula and terms, and then applying the method of this thesis to several more sites in 
different industries. This would provide data to calculate best-fit weight values and 
evaluate the performance contribution of the Ci terms. Then these could be used in other 
samples to determine the improvement in performance over the unweighted C-formula 
and original Ci terms. This effort may be impacted by the lack of good sites to investigate 
or the access to these sites. 

6.4.2 l\il ethod Generalization 

The Work Unit linkage rankings came from the C-formula scores that were based on the 
\Vork Unit selections from the Questionnaires. The Questionnaires were based on the 
expectations of the highest performing Work Units in each case study company, so the 
expectations and results from Company A could not be compared to Company B. One 
prospect for a method improvement to the calculation of the C-formula might be to 
develop a general questionnaire that will discriminate the critical performance 
expectations that apply across an array of companies. This notion is presented below, 
after some terminology definition. 

Consider the following situation: the ovals in Figure 6-1 represent three Companies that 
have Work Units at various levels of performance. The ovals are placed along the left 
hand scale to indicate the range of performance of the teams in the Companies: the dotted 
(""") company has on-average lower performing teams than the dashed(---) company; and 



the solid (-) company has on-average the highest performing teams. For example, 
Company 'A' from the case studies might be a solid oval company and Company 'B' 
might be a dashed oval company. 
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The right hand scale is an example of the team performance in the dotted oval company 
only, where some Work Units have lower performance and others have higher 
performance. For example, the 'High' performance team might be like the Effective 
\Vork Unit, while the N-effective Work Unit might be a 'Low' performance team. 
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Figure 6-3: Discrimination in Ranking between Companies 

The numbers l to 3 in Figure 6-3 represent: 

(I) the expectation choices of the lower Work Units in the lower company c· oval); 
(2) the expectation choices of the lower Work Units in the middle company (--- oval), 

which are similar to the mid Work Units in the lower company C .. oval); 
(3) the expectation choices of the lower Work Units in the higher company (- oval), 

which are similar to the higher Work Units in the lower company c· oval). 

Areas 1. 2 & 3: To improve ranking matches the not-as-effective expectations of the not­
as-productive Work Unit and/or the not-as-productive company could be identified and 
incorporated into the C-formula scores as a penalty if they are selected. This would do 
two things: allow the not-as-productive Work Units to choose not-as-effective 
expectations and thereby reduce the selection of effective expectations by chance; and 
penalize these choices to increase the variation in scores. 
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The numbers 4 & 5 in Figure 6-3 represent: 

( 4) the expectation choices of the mid Work Units in the higher company (- oval), 
which are similar to the higher Work Units in the middle company (--- oval); 

(5) the expectation choices of higher Work Units in the higher company (- oval). 

Area 4: To generalize the scores to an array of companies it is recognized that Work 
Units progress in perfonnance from Low to High during their operational life (right hand 
scale of figure). But, Companies also progress in performance from Low to High during 
their operational life (left hand scale of figure). There are expectations that may not be 
seen as 'important' any more to the high performance Work Units, in high performance 
companies. For example, Low companies or teams may see training on equipment as a 
way to do preventative maintenance or a way of reducing the impact of machine failure 
on productivity. On the other hand, High companies or teams may view training quite 
differently, as an element of Continuous Improvement or a way to learn how to make the 
process better. However, the former view of training may still be regard as necessary to 
the company's performance success. These expectations could be identified and 
incorporated into the C-formula scores with less weight than the high performance 
expectations. Again, this would generalize the questionnaire and increase the variation in 
scores. 

Area 5: Lastly. the number of high performance expectations that are ranked by a Work 
Unit could be increased in number, to ten for instance. This research allowed five 
expectations to be selected and prioritized. There is a trade-off between ranking more 
expectations, and the abilities and patience of the Work Unit and Support Group 
members to do the ranking accurately that would need to be evaluated. Nonetheless, this 
would allow more data into the calculation, and may increase its reliability and increase 
the variance in scores that could lead to a better ranking match-rate. 

General: As another enhancement, the existing behaviour example data from the case 
study interviews from Company A could be analyzed further to identify and then 
construct higher level characteristics of effective and not-as-effective linkages for a 
generalized questionnaire. The Table 6-6 has already provided a categorization for 
Company A that, when compared to a similar categorization for Company B or other 
companies, could be the basis for general behaviour statements in a Questionnaire that is 
more universal in identifying Work Unit rankings. 

6.4.3 Model Future Research 

The results from the case studies when applied to the Model through the Perceived 
Consistency of the Linkage formula (C) are strongly supported by Company B and more 
selectively supported by Company A. However, there are two areas that could be looked 
at to improve the performance of the formula: broadening the scope from linkage 
consistency to embrace network consistency; and recognizing the routine nature of 
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certain expectation-response-evaluation cycles. These will be discussed in the next sub­
sections. 

6.4.3.1 Scope: Linkage to Network Consistency 

The model recognized that a Work Unit exists within a network of relationships with 
other Work Units and/or Support Groups. However, the scope of the research was 
restricted to look at one linkage, albeit one of the most consequential relationships, to 
understand Perceived Consistency (and from that Perceived Effectiveness) of the linkage. 
One view was that a high ranking in an important linkage might be indicative of high 
ranking in other linkages and high ranking in general. 

Clearly, a Work Unit must sustain several linkages successfully to be effective overall. It 
is speculated that if a Work Unit knows how to deal with one linkage consistently, then it 
would understanding their other linkages and would tend to be among the higher ranked 
Work Units - practice is transferable. On the other hand, a high ranking in one linkage 
does not guarantee a high ranking in every linkages since each Work Unit has its own 
strengths and weaknesses. Further research might broaden the scope to Network 
consistency. For example, by combining the scores of several linkages together - only the 
top three linkages may be needed- and weighting (Wm) the linkages to reflect their 
significance, an overall Network Consistency could be calculated. That is, 

~{Wm* Linkage Consistencym} = Network Consistency 
where: m = meaningful linkages. 

6.4.3.2 The XRE cvcle and Consistency 

Two notions have be proposed by the model: 

(i) Interaction in a linkage is characterized by what has been called the 'expecration-
response-evaluation' cycle (XRE); and 

(ii) The three components (Ci) to consistency: importance, priority and acceptability. 

One way to view these two concepts together is to recognize that an expectation's 
importance is its potential to occur vs. unimportant expectations. Given that a expectation 
is important, the priority of an expectation is related to the (action) initiation of the XRE 
cycle, while the response (reaction) is related to evaluation of its acceptability. Refer to 
Figure 6-4. 

Consider this from the view of one group in the XRE cycle: the model presents that a 
certain expectation is held, for example, by the Work Unit and it must be recognized by 
the Support Group for there to be consistency. "To arrive tof,x a machine in 2 hours or 
less" is an important expectation originated by the Work Unit, and shared by the 
Maintenance Group. Since the Work Unit originates this expectation they give it priority. 
And, since the Work Unit originates this expectation they also give it an acceptability 
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range. The Maintenance Group responds to the expectation and the response is evaluated 
by the Work Unit against this range. The Maintenance Group, being consistent, will also 
give this expectation priority and match, to some extent, the acceptable range by their 
response. Clearly, a similar description could have been made for the point of view of the 
Support Group. 

Figure 6-4: XRE cycle 

It can be seen that the XRE cycle is the thread that ties both views of a certain 
expectation together, Work Unit as the holder of the expectation and Maintenance as the 
respondent to the expectation - a cycle with two consistent views. 

One avenue for further research could look into these cycles as intact routines that 
reoccur. More consistent Work Unit linkages might have routines that relate several 
expectations together or represent a complex XRE cycle. Routines could facilitate the 
interactions between linkage partners by assisting them to operate more frequently within 
the acceptable range. The Perceived Consistency of the Linkage formula could be refined 
to recognize routines as well as individual expectations. 

Lastly, the XRE cycle could be augmented to recognize a reflection dwell time. This is, a 
regular time in-between successive XRE cycles where the Work Unit and/or Support 
Group reflect on the outcome of the last cycle, or history of cycles, and perhaps take 
action to change some aspect. The reflection could be part of informal interactions 
between linkage members or a procedural requirement like a Continuous Improvement 
Program. How effective vs. not-as-effective linkages deal with 'reflection' may provide 
further insight into how work units differ and may augment the C-formula terms. 

6.5 Implications for Organizations and Practice 

Jackson's ( 1985) meta-analysis of the consistency literature recommends, .. a useful 
direction for further research would be the development of good diagnostic tools for 
pinpointing specific aspects about one's job that are ambiguous or conflicting." The 
proposed Expectation Range Model not only has contributed to understanding the notion 
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of consistency and operationalizing it, but it has also provided the elements for a 
diagnostic tool. That is, the Questionnaire that contains the expectations from effective 
and not-as-effective Work Units and Support Groups, that forms the basis for 
differentiating between linkages, could also provide feedback to the groups on which 
expectations they might have selected differently - e.g. effective expectations that are not 
preferred, or not-as-effective expectations that are picked. 

The discussion of the results has pointed out that more Effective Work Units are more 
consistent on the expectations that they hold as important and the nature of their 
differentiating expectations is that they are positive-effective expectations. For example, 
"Maintenance completes repairing a machine and an operator verifies that it works," is a positive 
effective expectation originated by the Maintenance group to prevent future problems. If 
a linkage did not select this 'effective' expectation then remedial training could be done 
with the Work Unit and their linkage partner to instill this behaviour, so it becomes 
consistent with their task situation. 

For the most part, the planning vs. reacting behaviour expectations, that are characteristic 
of effective and not-as-effective linkages respectively, may not only be one of the 
important ways to differentiate and diagnose problems, they have 'proactive' 
implications without using a diagnostic Questionnaire. That is, rather than waiting to find 
out which not-as-effective expectations are held by the not-as-effective linkages, the 
operators could be trained directly on what the practices of effective Work Unit linkages 
are. 

Alternatively, the operators could be trained on how to have good communications. They 
could be made aware that effective linkages are consistent on expectations and a process 
could be put in place to facilitate the exchange of expectations sets with their linkage 
partners: what is important, what are the priority behaviours and how should they 
'actually' happen. 

Lastly. this research could also address a large body of applications: from two 
departments linked together, to the linkage between two enterprises. On the one hand, an 
avenue for organizations might be to generalize the findings of this research to study 
Network Effectiveness of departments. That is, to investigate unique ways of ranking 
overall department effectiveness, such as, taking the scores of several linkages and 
weighting them together to reflect their importance for the linkage's performance. This 
might result in an understanding of overall consistency elements and lead to a network 
based diagnostic tool. On the other side, Supply Chain management is an example where 
the exchange of information and expectations between functions in independent 
companies may be improved by an understanding of their consistency elements. More 
case study analysis, or lab study, might identify the corresponding effective and not-as­
effecti ve expectations between linked organizations. 
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6.6 Conclusion 

The research consisted of two major areas of work: the extensive theoretical development 
of the Expectation Range Model and its operationalization of interaction characteristics, 
and in-depth case studies with a view to the measurement and testing of the theory: 

The more the perceived Inter-group Consistency, between the expectations of a work unit 
and another interacting functional group, the more the perceived Linkage Effectiveness of 
that relationship. 

The Expectation Range Model is promising and captures consistency in several original 
ways: extending interaction concepts from intra-group to inter-group consistency; dealing 
with two way expectation communications between groups; presenting the concept of a 
range of acceptable responses; and applying the model to the manufacturing environment. 

Having access to companies that were recognized for 'excellent' work units challenged 
the researcher and stimulated the thoughtful discussion that is reflected in the 
development of the Expectation Range Model and its operationalization. The test results 
show strong and reasonable support for the hypothesis and the proposed calculation of a 
consistency score. By having a variety of case study examples that provided divergent 
results, this thesis could achieve some generalization and lead to several improvements of 
the method. 

The future of the model lies, to a certain extent, in improvements to the formula's 
performance. To this end the treatment of positive & negative expectations, effective & 
not-as-effective expectations, and weights have all been identified. However, the model 
could be generalized in at least two directions: to include more linkages - network 
consistency: and to identify key consistency factors independent of a particular 
department and its linkages. A useful direction for further research would be the 
development of good diagnostic tools for pinpointing specific aspects about one's 
network that are consistent and effective, and sharing that understanding with the entire 
enterprise. 
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8 APPENDIX 

8.1 Interview Guide for Work Units 

INTRODUCTION 

The intention of this Guide is to direct the general flow of questions. It is not meant to be 
restrictive. That is. the interviewer is to explore the topics within the time limits and the 
overall interview process. Additional time will be through agreement with the 
interviewee. The progression is from general considerations to more specific information 
through open ended questions. If the interviewee does not answer a question. then ask for 
the three most important aspects. If the interviewee can still not answer, then indicate that 
you will return to the question at the end of the questionnaire and move on through the 
balance of the questions. 

The interviewer will introduce themselves and the scope of the interview. The underlined 
and uppercase words are to be emphasized. If the interviewee does not know your name 
then provide it and start the interview. 

•• <Interviewee's name) . as you are aware, I am doing this research in conjunction 
with the Department of Management Sciences at the University of Waterloo. The 
information that I get from these interviews, along with other sources of information, will 
be used as the basis for my Doctoral thesis on manufacturing communications. 

The purpose of the questions that I am going to ask you is to collect examples of the 
things that happen in the work place between your work unit and others -- your 
experiences. I want to reemphasize that I am interested in your observations so there are 
reallv NO correct answers. OK? 

QUESTIONS 

(I) I want to talk about your work unit's relationship with your support groups. 
Looking at all the different support groups you interact with, some may be more 
important to interact with ... can you give me an example of one which you consider to 
be very important to your team's successful performance? 

!ANSWER: 

(I.I) How do you co-ordinate with this support group ... can you give me an 
example of how you co-ordinate? 
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!ANSWER: 

( 1.2) In performing the tasks between units, what behaviours do the members of 
the support group consider to be GOOD for your work unit to do to help them ... 
in other words, what do they praise members of your work unit for doing and 
what is an example of that behaviour? 

jANSWER: 

jANSWER: 

( 1.2. l) Again, looking at the same support group, what behaviours do the 
members of the Support group consider to be NOT good for your work 
unit to do to help them ... in other words, what do they discouraged 
members of your work unit from doing and can you give me an example? 

( 1.3) In performing the tasks between units, what behaviours do the members of 
YOUR work unit consider to be GOOD for the support group to do to help you 
... in other words, what do you praise members of the support group for doing and 
what is an example of that behaviour? 

!ANSWER: 

!ANSWER: 

( 1.3. l) Again, looking at the same support group, what behaviours do the 
members of YOUR work unit consider to be NOT good for the support 
group to do to help you ... in other words, what do you discouraged 
members of the support group from doing and can you give me an 
example? 

( 1.4) Looking at your work group and the support group, how would they know 
that they were being really effective ... and, how often would they say that they 
were being really effective? 

!ANSWER: 
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8.2 Interview Guide for Support Groups 

INTRODUCTION 

The intention of this Guide is to direct the general flow of questions. It is not meant to be 
restrictive. That is, the interviewer is to explore the topics within the time limits and the 
overall interview process. Additional time will be through agreement with the 
interviewee. The progression is from general considerations to more specific information 
through open ended questions. If the interviewee does not answer a question, then ask for 
the three most important aspects. If the interviewee can still not answer, then indicate that 
you will return to the question at the end of the questionnaire and move on through the 
balance of the questions. 

The interviewer will introduce themselves and the scope of the interview. The underlined 
and uppercase words are to be emphasized. If the interviewee does not know your name 
then provide it and start the interview. 

•• <Interviewee's name) , as you are aware, I am doing this research in conjunction 
with the Department of Management Sciences at the University of Waterloo. The 
information that I get from these interviews, along with other sources of information, will 
be used as the basis for my Doctoral thesis on manufacturing communications. 

The purpose of the questions that I am going to ask you is to collect examples of the 
things that happen in the work place between your group and others -- your 
experiences. I want to reemphasize that I am interested in your observations so there are 
really NO correct answers. OK? 

QUESTIONS 

(I) I want to talk about your group's relationship with the work units that you support, in 
paticular the _____ team. 

( 1.1) How do you co-ordinate with this work unit ... can you give me an example 
of how you co-ordinate? 

!ANSWER: 
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( 1.2) In performing the tasks between units, what behaviours do the members of 
the work unit consider to be GOOD for your group to do to help them··- in other 
words, what do they praise members of your group for doing and what is an 
example of that behaviour? 

I ANSWER: 

jANSWER: 

( 1.2. l) Again, looking at the same work unit, what behaviours do the 
members of the work unit consider to be NOT good for your group to do 
to help them ... in other words, what do they discouraged members of your 
group from doing and can you give me an example? 

( I .3) In performing the tasks between units, what behaviours do the members of 
YOUR group consider to be GOOD for the work unit to do to help you ... in 
other words, what do you praise members of the work unit for doing and what is 
an example of that behaviour? 

jANSWER: 

I ANSWER: 

( l.3.1) Again, looking at the same work unit, what behaviours do the 
members of YOUR group consider to be NOT good for the work unit to 
do to help you ... in other words, what do you discouraged members of the 
work unit from doing and can you give me an example? 

( 1.4) Looking at your work group and the work unit, how would they know that 
they were being really effective ... and, how often would they say that they were 
being really effective? 

jANSWER: 
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8.3 Questionnaire for Work Units and Support Groups 

I Script: To explain Questionnaire 

I would like to thank you for coming this morning (afternoon). What I am looking at is 
the continuation of some research I did last year with some teams here, and I am on the 
final part of this research toward a Ph.D. at the University of Waterloo looking at how 
teams communicate. What I have is a questionnaire that I need your help to answer, 
relative to the relationship between your Work Team and the Maintenance group. I 
selected this particular relationship because it is an important one for the successful 
performance of your team. Any questions so far about what I am doing? { show 
overhead of the first page of the Questionnaire} 

\Vhat I have outlined on the first page is 16 expectations which were mentioned by team 
members and Maintenance people that I interviewed. So, what I want you to do as a first 
step is to identify the expectations that you feel are the most important . . . in fact I only 
want the five that you feel are the most important. { Quickly read the 16 statements} 
Remember, there is no correct answer, only what is important from your experience. So if 
you could do that now, read though each of the statements and then indicate by a check 
mark which are the 5 most important. { Put a check mark on the overhead.} 

Now. what I would like you to do for the 5 that you checked off, I would like you to rank 
them from the most important -- being number l -- to the fifth most important being 
number 5. {Put a ·1 • beside the check mark on the overhead.} Please do that now. 

Now. please tum over to the next page. { Show overhead of second page of 
Questionnaire.} At the top of the page you will see a box that has the numbers 1,2,3,4,5. 
If you can transcribe the letters from the previous sheet on to this ... for example, the one 
you chose as number 1, put the letter in that box. {Put a letter in box on overhead.} And 
the one you chose as number 2, put that letter in the box on the top of the second page. 
Please do that now for your 5 selections. 

The next step is: I would like you to take those numbers ... so for number 1, say you 
chose 'C', I would like you to put the number I in box •c· below { Put a • 1' in box ·c• on 
overhead.} ... and number 2 being your second choice ... and number 3 etc. Please do 
that now. 

For each of the statements that you have selected, I want you to go through an exercise of 
indicating where the actual behaviour would fall on this scale. Lets look at letter 'A'. It 
says: "A non-emergency work order is given to Maintenance for a service call 
which can be planned and scheduled within the week." There are three questions 
below this statement. { Point to questions.} I want you to read each one and mark a letter 
onto the scale ... don't worry, I am going to give you an example, but basically the three 
questions are: "(l) How often does this actually happen?" and you would mark a letter 
'A' on the scale ... the second question is "The Work Team and Maintenance agree on 
something that will make things better ... mark a 'B' [on the scale] where this might be." 
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And the third question is "Someone tells you that things have gotten worse ... mark a 
'\V' where you guess this might be now." And on the scale -- {Point to the scale.} -- it 
gives the numbers one to ten, zero being "never•· and ten being "always" ... and then in 
betv,:een the words •·some of the time" ... "half the time" ... and "most of the time." 

So, let's go through an example which I made up ... I call it the Donut shop example. 
{ Show overhead of Donut Example.} I will go through how I did this example. Now the 
reason that I am spending so much time going through this is that I need to get a fairly 
accurate measurement so I need you to be very careful when you put the letters on to the 
scale, so that I can capture the information as accurately as possible. 

Lets look at the donut shop example. This is any donut shop you might happen to go into, 
and as you can see we have similar kinds of expectation statements about how successful 
donut shops operate. Two of the choices are shown here ... the number I choice was 'B' 
and the number 2 choice was 'A', etc. {Point to box at top right of overhead.} So we will 
go through 'A' and it says: "When I arrive at any donut shop for coffee, my order is taken 
within 2 minutes." And it asks, "(1) how often does this actually happen" and to mark an 
·A'. Now I am saying that when I go into a donut shop this actually happens most of the 
time. so I give it a score of '8' and I put a letter 'A' there. {Point to 'A' on scale.} And 
then the second question says: "the servers and management agree on something that 
makes things better" so mark a 'B' where this might be. So I am saying that things have 
gotten better on my order being taken within 2 minutes, so I am saying it is happening 
more often, probably at a '9' ... so I have marked a 'B' there. {Point to 'B' on scale.}. 
And then the last one, question three is, "someone tells you that things have gotten worse, 
mark a 'W' where you guess this might be now." So, I am use to a certain level of 
service, and now things are worse, so I feel my order will be taken within 2 minutes ... 
some of the time, around a 3, I mark a 'W'. { Point to 'W' on scale.}. So that is the 
statement 'A'. 

So that's what I want to do forthe ones that you have marked. If you can go through 
each of the 5 that you indicated as being important in the relationship between your team 
and the Maintenance group. Just those 5, ignore the other ones. And go through each of 
the three questions, and if you have any problems, let me know. Do you have any 
questions before you start? OK, please start. 



Work Team and Maintenance Function Rankings 
Select the 5 most Important statement. about what to do or not do for 
the list below; then rank them from 1 "highest" to 5. These selections 
are then to be transferred to the next sheet. 

[l, A non-emergency work order is given to Maintenance for a service call 
- ·' which can be planned & scheduled within the week. 
~ A work order is given to Maintenance for a repair which should have 
~ been done by the Work Team. 

~ A work order which should have been done by this Maintenance shift, but 
12 passed on to the next shift's Maintenance. 

~ An emergency work order is completed and given to Maintenance to 
_,,"!;J_ repair a machine. Maintenance arrives in 112 hour. 

~--A work order is completed and clearly describes the problem and it's 
.;_ location on the machine. 

~ . An emergency work order is given to Maintenance, they come, fix it, and 
-~- the repair to the machine is done in less than 1 hour. 

q.,..,., A work order is given to Mainte!'ance, they fix the machine, and they leave 
,:.'_'. a mess behind when they are finished. 

~-- Maintenance arrives to repair a machine, and the machine is clean of all 
• tools, parts, chips and oil. 

Cn Maintenance repairs a machine, and stays at the machine until it is tested 
~ by a team member and successfully cycles. 

~-A work order is completed, Maintenance arrives to repair a machine, a 
._,:~ team member is standing by to explain and help. 

~., Maintenance is repairing a machine, and stops before completion to get 
L. a coffee, or talk, or go for a break. 

~ .. Maintenance arrives to repair a machine, and the fault indicators have 
c..:~ been reset by the Work Team. 

~ Maintenance completes repairing a machine, and has to wait for an 
~:.1 operator to verifie that it works. 

~~ Maintenance is repairing a machine, and a team member criticizes the 
11.L Maintenance person or work being done. 

Ch . Maintenance is repairing a machine, and the Maintenance person 
~.::'. criticizes a team member or the broken machine. 

~.,. Maintenance has repaired a machine, and now explains to the operator 
..:..~ what the problem was and what to do next time the problem happens. 

Exhibit 8-1: Example of first page of Questionnaire 
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Work Team and Maintenance Function Details 'I 

For the 5 statement• th•t you ranked on the prevlou• page, put the (112131415) corresponding letters In thl• box. Then, place the numbers 1 to 5 In 
the corresponding box•• below. 
Then read the three que•tlon• for 

1 2 3 • I .• ~ I g? • ,¥' each statement you r•nked •nd m•rlc I 
I I I I r--11 I I I I I I .. N 

'- the scales as shown h•nt. 
Ii I 

Cl, A non-emergency work order I• given to Maintenance for a Nrvlce call which can be 
~ planned & sch,:duled within the week. 

(1) How often does this "Actually" happen? Mark with an "A". 
(2) The Work Team and Maintenance agree on something that will make things "Better" ... Mark "B" where this might be. 
(3) Someone tells you that things have gotten "Worse" .. Mark "W" where you guess this might be now. 

Never 

• 2 3 4 
I I I I 

Some of,,,. time 

Ha/tofflletlme 

I s. 7 • 
I I I 

llo$I of flle tlme 

9 

• 
Always 
10 
■ 

~ A work order Is given to Maintenance for• repair which •hould have been done 11X.JM 
__ : Work Team. 

(1) How often does this "Actually" happen? Mark with an "A". 
(2) The Work Team and Maintenance agree on something that will make things "Better" ... Mark" f," where this might be. 
(3) Someone tells you that things have gotten "Worse" .. Mark "W" where you guess this might be now. 

Never 
0 
I 

2 3 
I I I 

Some of,,,. time 

4 
I 

Halt of flle tlme 
7 • 

' I I I 
llost of flle ttm. 

9 
Always 
10 
■ 

~ A work order which should have been done by this Maintenance shift, is passed on to 
._. the next shift's Maintenance. 

(1) How often does this "Actually" happen? Mark with an "A". 
(2) The Work Team and Maintenance agree on something that will make things "Better" ... Mark "Ii" where this might be. 
(3) Someone tells you that things have gotten "Worse" .. Mark "W" where you guess this might be now. 

Never 
0 
I 

2 3 
I I I 

Some of,,,. tilM 

Half of,,,. time 
4 

' 
7 • 
I I I 

llost of,,,. u,,,. 

9 
Always 
10 
I 

~ A work order is completed and given to Maintenance to repair a machine. Maintenance 
~: arrives in 112 hour. 

(1) How often does this "Actually" happen? Mark with an "A". 
(2) The Work Team and Maintenance agree on something that will make things "Better" ... Mark "r;" where this might be. 
(3) Someone tells you that things have gotten "Worse" .. Mark "W" where you guess this might be now. 

Never 
0 
I 

Half of flle time 
2 3 4 

I I I 
Some of,,,. tilM ' • 

7 • 
1 I • Most of tM titN 

9 

• 

Exhibit 8-2: Example of second page of Questionnaire 

Always 
10 
■ 



8.4 Questionnaire for Support Management 

Work Unit and Support Function Linkage 
For Support Function Supervl•lon OHL Y. B•••d on your ,,.rceptlon of 
how •W.ctlw th• owr •II ,.,.uon•hlp with th• •upport function and 
each ,..m, dlvlt:» ,,,. ,.•m• Into two ca,.gorl .. : th• 3 which .,. 
"Eff•ctlve": •nd the 3 which .,. "Not-a• .. W.Ctln." Then rank the 3 
teams In Hch c•tegory by marking the ranking• "1 to 3" In the shat:»d 
bores (un "1" for most highly rank•d In ••ch group, through to "3" for 
the l•••t). 

Work Unit Name (to be ranked) 

"Effective" work units 
Work Unit Name Rank 

CJ 
CJ 
CJ 

"Not-as-effective" work units 
Work Unit Name Rank 

CJ 
CJ 
CJ 

136 
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8.5 Logic of Calculation 

8.5.1 Overview of the Consistency of the Linkage Formula 

The Perceived Consistency of a Linkage (C) formula provided a score based on the 
expectations that define the relationship, the task situation, between a Work Unit and a 
Support Group. It was broken into three components or ·levels' of inter-group 
consistency, each level representing a more refined view. These three components were 
aggregated so that for each Work Unit and Support Group pair the Consistency of the 
I inkage was represented by the C-formula. 

Consistency of a Linkage (C) { 
Concept of Importance (C1); 

• Concept of Priority (C2); 

• Concept of Acceptability (C3). 

That is, for C 1 the Work Unit and Support Group were each selecting from the 
Questionnaire the expectations, from their point-of-view, that they consider important in 
their linkage. That is, the expectations about what were ·good' or ·not-so-good' 
behaviours for the Work Unit or Support Group to do. Together these selections point to 
their agreement on which behaviours should (not) be done. The extent to which the Work 
Unit and Support Group agree, were consistent, they will do the same actions more often 
and the linkage will be more effective. 

• C 2 requires more than mere selection of a set of expectations, it requires that the Work 
Unit and Support Group place a valuation on the expectations -- which expectations do 
they place higher worth? The priority that they assign to an expectation was indicative of 
how often it will (not1

) occur. Together these selections indicate their agreement on 
\vhich of the alternative behaviour responses will be drawn upon first. The extent to 
which they were consistent they will do the appropriate response and the effectiveness of 
the linkage will be better. 

• C3 looks at the selected expectations in a different way. It asks the Work Unit and 
Support Group how often does the behaviour actually occur, with a view to their account 
of the ·reality' of the task situation. Together these selections indicate their agreement on 
the expectation-response cycle and a range of behaviours that were (not) acceptable. That 
is, they will do the expected actions more exactly and the effectiveness of the linkage will 
be better. 

1 For instance, Positive expectations were desired to happen more often: "An emergency work order was 
completed and given to Maintenance to repair a machine. Maintenance arrives in fl.i? hour."; Negative expectations 
were desired to happen less often: "A work order was given to Maintenance, they fix the machine. and they leave a 
mess behind when they were finished." 
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8.5.2 Introduction to the Logic of the Consistency of the Linkage Formula 

All of the results presented in the case study sections 5.3 and 5.4 were based on responses 
by the persons2 in the six Work Units and their mutual Support Group (see Figure 8-1) to 
a Questionnaire that contained a set of linkage specific expectations. The expectations 
came from interviews in which members from an effective Work Unit and their Support 
Group identified expectations that reflected good or not-so-good behaviours to do in their 
linkage. 

S up po rt G ro up 

Figure 8-1: Linkages between Work Units and their Support Group 

Each of the components (C1, C2 and C3) of the Perceived Consistency of the Linkage (C) 
involved an 'average' over the combinations of Work Unit and Support Group persons 
that made up a linkage3 (see Figure 8-2). That is, in deriving a quantitative representation 
it was recognized that the Work Unit and Support Group did not have expectations of 
their own, they are the composite of the expectations of the persons who were members 
of both groups. Each member of a Work Unit interacted, to some extent, with one or 
more members of their Support Group such that there was a paired-agreement on the 
expectations. 

Figure 8-2: Combinations of Work Unit and Support Group persons 

Each of the sub-sections that follow builds on this understanding and presents the course 
of thought for the calculations (complete details on the derivations are available in the 

2 Participants were selected by the site management. 
3 In this research the case study data was collected for three members in each of the six Work Units and one 
Support Group person. This was all of the employee involvement that would be allowed by the site 
management. 
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Model section). That is, they show the method for the calculation of the Perceived 
Consistency of a Linkage (C), starting with the computation of each of the three terms 
(C1 to C3) using actual data. The complete data sets and calculations for Company A and 
B are given in Appendix 8.6 and 8.7 respectively. 

8.5.3 Concept of Importance (C
1
) 

s w 
I, I, 
.s =1 w=l 

s *w 

Ranked data for one Work Unit is presented in Table 8-l. The left column gives the 16 
expectations from the Questionnaire, the next columns are the rankings (1 being the 
highest rank) of these expectations by the Support Group member and the three Work 
Unit persons. 

Yaklnt1 Data 
E,q:)edaic:n Sax:rt Watclht 
~ 1 11213 

A 
B 
C 

H 
I • -2·-·· •• 4 2 ,-·4···· 

---J--::::.:.c~::'-__ '"""'s-.,.--s----t 
K ; ____ 5 __ 

_ ___;L::..---1-·-3 ____ ·--+--
M ~--···-

N 
0 
p ····-s·-·· 3 3 

Table 8-1: Ranked Expectations for Support Group and Work Unit 

The corresponding Importance matrix in shown at the left of Table 8-2, with the Average 
(A ve1) calculation shown at the right. The Importance matrix cells are populated with a 
• 1 • if the expectation has been given a rank by the Support Group or Work Unit, 0 
otherwise. For example, expectation 'F' was ranked 4 by the Support Group; 4 by Work 
Unit person 2; and 1 by Work Unit person 3. 



, ..... _su ... e~r--rt---t-1-.,.......,..., w_o_~,...U_l'll,_t.,.., -3,,---tF'.T AV9 
A ,__ _____ .._ _____ .__ ____ ._______ ,.\ 

Importance 

--=9:-----:, 

j ........... g ........... i 
,-···········E···········, 

l···········~···········l 
,-···········H···········, 
;············,············; 
r··········J············; 
; K ; 
r L : , .................................. ___ .. 
: M : 
1° N ,···········o-~, 
• ········p ....... , 

1 -'-

S-W1 S-W2 
A 
B 
C 
0 
E 
F 
G 
H 

J 
K 
L 
M 
N 
0 
p 

Table 8-2: Importance Matrix and Average Matrix 
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S-W3 

6.667! 

In this example, there are three combinations of the Support Group member and the three 
Work Unit persons -- called S-Wl, S-W2 and S-W3. The cells in the Average matrix are 
populated using the {Ses + Wew -Ses Wew} portion of the Avei formula, such that, 
expectation 'F' was selected by at least one person from the Support Group and/or Work 
Unit so all expectation 'F' cells have a value of' l '. The value of Avei is given as 6.667. 
Table 8-3 gives the deviation calculation (De,:i) and the value for this example of Ci. The 
deviation is used as a tie breaker and is the scatter of the three combinations of the 
Support Group member and the three Work Unit persons -- S-Wl, S-W2 and S-W3 -­
from the average Avei. In this example, the combination S-Wl deviates .333 from the 
average, and the 'average' deviation for all three combinations is Devi which has a value 
of .444. 

Dev S-W1 S-W2 S-W3 
0.333 0.667 0.333!0.444! 

C, 0.666 

Table 8-3: Deviation and Concept of Importance 

Putting the values of Avei = 6.667 and Devi = .444 into the formula for Concept of 
Importance gives a value of Ci= .666 (note that 6 = 100 was used for the case studies). 
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8.5.4 Concept of Priority (C2) 

(Ave 2 + Dev 2/0 2 ) 
n 
L (t)l 

s * w 

Ranked data from Table 8-1 for the Work Unit has been convened into priorities and is 
presented in Table 8-4. The left column gives the 16 expectations from the Questionnaire, 
the next columns are the priorities of these expectations by the Suppon Group member 
and the three Work Unit persons. The rank of' l' has been given a priority-weight of 5, 
... , the rank of '5' has been given a priority-weight of l. For example, expectation 'F' 
was ranked 4 by the Suppon Group and is given a priority-weight of 2; ranked 4 by Work 
Unit person 2 and is given a priority-weight of 2; and l by Work Unit person 3 and is 
given a priority-weight of 5. 

WorkUnit1 
Expectation 

tunber 

A 
B 
C 
D 
E 
F 
G 
H 
I 
J ·-··· 

Data 
Si..lrnon Work Urit 

1 I 2 I 3 

3 
4 l 5 4 

2 2 5 

4 ·····2 ··1 4 2 
····-s···-

K 
L 3 

1 l 1 
·······--1-~1 -1-1 

---tt----1-••···-··i-~--

M 
N 
0 

···--···--t--, --
·-.................. i·-·-·-t·--·--·--
·----1 .......... ._ .... t-·-····-· 

p 5 3 3 

Table 8-4: Ranked Expectations converted to Priority-weights 
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The corresponding Priority matrix is shown in Table 8-5, with the calculated Average 
(A ve2) shown in the bottom right box. In this example, there are three combinations of 
the Support Group member and the three Work Unit persons - called S-Wl, S-W2 and 
S-W3. The cells in the Priority matrix are populated using the {PSa * PWew} portion of 
the A ve2 formula, such that, an expectation must be selected by both the Support Group 
and one or more of the Work Units. In this example, expectation •F' was selected by both 
the Support Group and Work Unit persons 2 & 3. That is, expectation ·F was prioritized 
(ranked) so the 'S-W2' and 'S-W3' cells have values of (2 * 2 =) 4 and (2 * 5 =) 10 
respectively. The value of Ave1 is given as 22.33. 

S-W1 Is-w2 IS-W3 
AVERAGE A 

-•--i 
B -··1···-·--~ C 
D 
E 
F 4.00 10.00 
G 
H 
I 8.00 ; 16.00; 8.00 
J 5.00 5.00 
K 
L 
M 
N 
0 
p 5.00 3.00 3.00 22.331 

Table 8-5: Priority Matrix Average 

Table 8-6 gives the deviation value (Dev1) in the upper box and the valuation for this 
example of C2. The deviation is used as a tie breaker and is the scatter of the three 
combinations of the Support Group member and the three Work Unit persons -- S-Wl, 
S-W2 and S-W3 -- from the average Ave1. In this example, the combination S-Wl 
deviates 4.33 from the average, and the 'average' deviation for all three combinations is 
Dev2 which has a value of 3.78. 

DEVIATION 

0.407 

S-W1 S-W2 S-W3 
4.33 5.67 1.33 3.78 

Table 8-6: Deviation and Concept of Priority 

Putting the values of Ave1 = 22.33 and Dev1 = 3.78 into the formula for Concept of 
Priority gives a value of C1 = .407 (note that a= 100 was used for the case studies). 
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8.5.5 Concept of Acceptability (C3) 

The expectation range data for the Support Group and the three Work Units is presented 
in Table 8-7. The left column gives the 16 expectations from the Questionnaire; the next 
sets of columns give the range data for the Support Group (SI) and the three Work Unit 
persons (WI to W3). The ·Range' is defined by the landmarks called ·Actual, Better & 
\Vorse· which were marked on a ten-point scale in the Questionnaire, see Figure 8-3, by 
the participants. For example, the expectation ·F' was given an actual value of (ASn =) 6 
by the Support Group member; an actual value of (AWF2 =) 7 by the Work Unit 2 person; 
and an actual value of (AWFJ =) 6.4 by the Work Unit 3 person. 

Work Unit 1 
Expectation 

Number 

A 

Data 
Han<HO (S1) Har>Qe (WU11 --~ rwu21 HatvWO (WU3) 

Actual !Beller IWorse Actual IBener !Worse Actual 1Bener !Worse Actual I Better !Worse 

,·············s············ ·······-······, 
.:---.. ......... _ ••••• --,.:,,, ! 

: ............ g ............. ···············(·······-······ 5 2 · · ·---····-·i··-··········· 
,-----·-- 6.9 -------i-••·-·--···--=-----=----c~--~,--f 

: ............. ~ ............................ ) : 7 : 8.9 4 7.5 i-~!..-.i 5 7.4 : 5.2 i~ 
: F 6 : 5.4 : 2.5 : 7 : 9 : 4 1 6.4 : 4.2 : 5.2 ;···-···-----·G ......... ...... •• ~. • ••. t·············· .............................. ~ ~ ;·······.:....... · !--
; .................... H .................................................... ~--------·--~-------+---- . .. .............................. ! 

i : =~===· :::~t ': t_ :__ ~-1.~: _ _. __ '. __ ~-~:=:t:= ~:;~~-:=~~]~ 
( ••..••...•.. M ••••••••••••••••••••••••••• .: ••••••••••••••• : •••••••••••••• __ : : : '·······-····················'··············-'··············· 
\ ............. !'! ............................ ] ............... l. ............. __ j : ··············-········ : ............... i. .............. L ............ . 
'·············~············· ....... ii·····L •••••••..... L.._.;-····· 3 ' 6.8 ; 1 9.1 ' 4.5 1.1 ; 5.1····.L •••• 4.T··· 

Table 8-7: Expectation Ranges for Support Group and Work Unit 

Note: Referring to Figure 8-3, the ten-point scale has the two extreme key words of 
'never & al ways' and the intermediate designations •some of the time, half the time, & 
most of the time.' The •1andmarks' are plotted based on the questions: (I) How often 
does this actually happen?"; (2) .. The Work Team and Maintenance agree on something 
that will make things better ... mark a •e• [on the scale] where this might be."; and (3) 
"Someone tells you that things have gotten worse ... mark a •w• where you guess this 
might be now." 



~. An emergency work order Is given to Maintenance, they come, fix it, and the repair 
. _ to the machine is done in less than 1 hour. 

(1) How often does !his "Actually" happen? llllrk with_, "A". 
(2) The Work Tum and Maintenance agra on IClfflllhing lhlt will nla lllinp "Sette!"_ Mark" b"" where this night bl. 
(3) SorNone tells you that things hive golllll "Worse"_ lllrk "W" where you.-. lllil night be now. 

New, 

i ' 
2 3 ' I I I 
Sanll al,,. ,.,. 

Half al,,.,.,. 

I •. 7 I 9 
I I I I I 
lat al,,.,.,. 

Figure 8-3: Expectation 'F' scale and landmarks 
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The corresponding Overlap matrix is shown in Table 8-8, with the calculated Concept of 
Acceptability (C3) shown in the bottom box. In this example, there are three combinations 
of the Support Group member and the three Work Unit persons -- called S-Wl, S-W2 
and S-W3. The cells in the Overlap matrix are populated using the { 1- I A Wew - ASes I 
/10} portion of the C3 formula, such that, an expectation must be selected by both the 
Support Group and one or more of the Work Units. Expectation 'F' was selected by both 
the Support Group and Work Unit persons 2, for instance, so with AWn = 7 and ASn = 
6 the value of the S-W2 cell is (I - I 7 - 6 I /10 =) .90. 

Work Unit 1 
Expectation 

Number 

A 
B 
C 
D 
E 
F 
G 
H 

J 
K 

OVerlap Area 

S-W1 I S-W2 I S-W3 

0.90 0.96 

0.95 0.85 0.99 
0.70 0.91 

----··· ···················--~---1 
L 

p 0.50 0.90 0.97 
0.43 0.71 0.58 

C3= 0.575 

Table 8-8: Overlap Matrix and Concept of Acceptability 

Putting the cell values, for this example, from the Overlap Matrix into the formula for the 
Concept of Acceptability gives a value of C3 = .575. 



8.5.5. l Range: Better-Worse vs. Proportional Actual 

Better-\Vorse Range 
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The model section introduces the concept of a range of acceptable responses and 
landmarks 'better, ,.,,·orse & actual' that define the range. As is presented in the 
discussion section, there were interpretation problems by the operators that answered the 
questionnaire. That is, the Work Unit and Support Group employees had no problem in 
determining the Actual frequency of occurrence of the expectations they selected. 
However, the workers did have some interpretation problems when it came to the Better 
and Worse frequencies. One view of this is that the operators did not have the training or 
experience in dealing with complex context relationships, for example the Actual 
compared to Better frequency, and the concept of ratios in general. 

Relative Actual Range 

This research uses a proportional or what will be called a Relative Actual Range for this 
discussion, as expressed in the formula through the variables AWew - ASes, rather than a 
Better-Worse Range. This is because a Relative Actual Range is a similar estimate, as 
will be shown below, but it also may provide more reliability. For instance, the Work 
Unit and Support Group employees had no problem in determining the Actual frequency 
of occurrence of the expectations they selected, which was not always the case for the 
other "landmarks'. 

From the range data collected at the two sites from the Questionnaires there was 240 
range samples4 available. The Questionnaire contained positive and negative 
expectations, and the outcome from the two sites was 201 positive (84%) and 39 negative 
range samples selected by the participants. Of the positive range samples, I 76 (88%) are 
in ·natural' order and 25 are in 'reverse' order, see Figures 7-4 and 7-5 respectively, 
where 'A' is the actual, 'W' is the worse landmark, and 'B' is the better landmark as 
described in the model section. 

w A B w B A 
( a ) ( b ) 

A W B 
( C ) l 

Figure 8-4: Natural order positive ranges 

4 ((one Support person+ three Work Unit persons)• five expectations selected by each person)• six teams 
at each site * two sites= ((I + 3) • 5) • 6 • 2 = 240. 



B A w B w A 
(a)--...--~--+---(b)--+-----t-----i~ 

A B w 
(c)-'---+-----t---

Figure 8-5: Reverse order positive ranges 

This research assumes the two characteristics below for a 'range', for example, for 
positive expectations: 
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(i) Natural Order. The Better landmark is higher on the scale than the Worse 
landmark. That is, 'better' indicates that an expectation will happen more 
often. 

(ii) In-range Actual. The Actual is between the Better and Worse landmarks. 

0.12 

0.10 
>- 0.08 u 
C 
II 0.06 ::, 
CT 
II 0.04 ... 
"-

0.02 

0.00 

That is, 'better' indicates that an expectation will happen more often than 
the in-range Actual. Referring to Figure 8-4, (a) is in-range, while (b) & 
(c) have the Actual outside the range. 

Frequency of all positive Actual values in classes 

1-Actualj 

0 1 2 3 4 5 6 7 8 9 10 

Value Cla .. 

Figure 8-6: All Natural Order Actual values 

It is proposed that the 176 'natural order Actual' samples can be reasonably represented 
by 96 (55%) 'in-range natural order Actual' samples. 

The chart in Figure 8-6 shows the number of occurrences of 'natural order Actual' 
values in 0.5 classes from the Questionnaire scale. For instance, for the class 4 (values 
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from 3.51 to 4.00) there were 7 positive natural order Actual samples, or about 4% of all 
176 positive natural order Actual samples. From the chart in Figure 8-7, about 50% of the 
values fall into value classes of 7.5 or more. 

Cumulative Frequency of all positiw Actual values in classes 

>- 1.00 u 
C 

• ::I 0.75 a • .. 
IL 

0.50 • > 
I •Actual I 

;; 
• 0.25 
::I 

E 
::I 0.00 0 

0 1 2 3 4 5 6 7 8 9 10 

Value Clau 

Figure 8-7: Frequencies for All positive natural order Actual values 

In a similar way, the chart in Figure 8-8 shows the number of occurrences of 'in-range 
natural order Actual' values in 0.5 classes from the Questionnaire scale. For instance, for 
the class 4 (values from 3.51 to 4.00) there were 4 positive in-range natural order Actual 
samples, or about 4% of the 96 positive in-range natural order Actual samples. From the 
chart in Figure 8-9, about 50% of the values fall into value classes of 7.5 or more. 

Frequency of positi\19 in-range Actual values 

0.12 

0.10 
>- 0.08 u 
C 
Cl 0.06 ::I 
a 

I-Actual! 
Cl 0.04 .. 
IL 

0.02 

0.00 

0 1 2 3 4 5 6 7 8 9 10 

Value Clau 

Figure 8-8: In-range Natural Order Actual values 
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Cumulative Frequency of positiw in-range Actual values 

>- 1.00 u 
C 

• :I 0.75 a-
• .. 
~ 

0.50 • > 
I •Actual I 

;: 
• 0.25 
:I 
E 
::I 0.00 (J 

0 1 2 3 4 s 6 7 8 9 10 

Value Cl•• 

Figure 8-9: Frequencies for positive in-range natural order Actual values 

Using the CORREL5 Excel spreadsheet function, the correlation coefficient for both of 
the frequency arrays from Figures 7-6 & 7-8 is 75.6%, and for the cumulative arrays from 
Figures 7-7 & 7-9 is 98.9%. It is assumed, for this discussion. that the range samples 
from the sub-set of positive in-range natural order Actual samples can be used to 
represent all positive natural order Actual samples. 

• • :I 

• > 
• .,, 
C 
Ill 
a: 

10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 -

Acceptable Range for positive In-range Actual 

a, ~ ~ ~ - ~ ~ ~ ~ - ~ 
- N ~ ~ • ~ ~ ~ m m 

Ob•rvatlon . 

• Actual 

-4 per. Mov. Avg. 
(Better) 

-4 per. Mov. Avg. 
(Worse) 

Figure 8-10: Acceptable Ranges for positive in-range Actuals 

The charts in Figure 8-10 shows the 96 positive in-range natural order Actual samples 
along the X-axis. The Y-axis gives the range values for a certain expectation in 'stock 
market' format: Actual, Better and Worse. The range values come from the Questionnaire 

5 Returns the correlation coefficient of the array I and array2 cell ranges to determine the relationship 
between two properties. 
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scale as selected by a Support or Work Unit person. For instance, expectation #9 has 
Actual = 3.2; Better= 5.1; and Worse= 1.2. The top chart shows a 4-sample moving 
average for the Better points (green line) and the Worse points (red line). It can be seen 
that as the Actual (blackened points) approaches the end of the scale at • IO' (0) the range 
value for Better (Worse) gets closer to the Actual, and the range value for Worse (Better) 
gets further away. 

10 
9 ., 
8 Cl 

~ 7 I 

• 6 
> 5 • 4 a, 
C 3 • 2 a: 

I 
I ' 

1 
0 ......... . , .. 

, .. ,1111 •••• 

Linear Range Scores 

II II R 
I II' 

Ill 
., 

Ill 
II 

•· 

,,.,, .......... ·····••111 ••••• .--~ .... ····•······ . ., ... .... ••1 ,,,.11011011,u II 

""' •••••••·•u•••••••• 

_. 

.. 

• Actual 

-Linear (Better) 

-linear r,I orse) 

-Linear (Actual) 

- ~ ~ ~ ~ - ~ ~ ~ ~ - ~ 
- N ~ • • ~ ~ ~ m m 

ObNrvatlon 

Figure 8-11: Acceptable Ranges linear trend representation 

This is also represented in the Figure 8-11 chart by the linear trend lines. Thus, as the 
Actual value approaches the extreme end of the Questionnaire scale there is more or less 
opportunity to place the other landmarks on the scale. 

To illustrate the calculation of the range overlap using the Better and Worse values see 
Figure 8-12. There are three cases selected from the bottom chart of Figure 8-11, with the 
corresponding Better and Worse values, vis: 

(Case #1) 
(Case #2) 
(Case #3) 

Actual= 3; Better= 7; and Worse= 2.2; 
Actual= 4; Better= 7.2; and Worse= 2.6; 
Actual= 7; Better= 8.8; and Worse= 3.6. 

Each case is normalized so that the Actual= 0 and the Better and Worse values assume 
their relative values. There are two examples of the overlap calculation using the Better 
and Worse, the first being of two Actuals close together (A=3, A=4 ); and the second of 
two Actuals far apart (A=4, A=7). The overlap area is shown in gray. 



w 1 I 
2 .2 

! 
w, ~ 

•. 8 0 

~ 
I 

•. 8 
I 

- 1 . 4 

3 . 2 + . 8 

4 + 1 .4 

' , 
4 

, 
7 .2 7 8 . 8 

! 
w1 ~ , w1 ~o 

-1.4 0 3.2 -3.4 1 . 8 

J 
J 
-+---_-t4,,~ ~. '· ,·· J ,!.✓ 

I 3 _I_., 3.2 -1.4 0 

! 
= > 7 4 % 

1 . 8 + 1 . 4 

3 .2 + 3 .4 

! 
= > 4 8 % 

Figure 8-12: Overlap calculation using Better and Worse 

In can be seen that when Actuals are close together (A=3. A=4) there is a large 
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percentage of overlap; and then Actuals are far apart (A=4. A=7) there is a smaller 
percentage of overlap. This proportionate nature of the ranges is what the Relative Actual 
Range aspect of the C3 formula is capturing. 



8.5.6 Perceived Consistency of the Linkage (C) 

'Vhc, )~ [w2c2 J:+-[ w3c3)2 

V hJ2 + h)2 + [ wJ2 
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The consistency of the linkage data. between the Support Group and the six Work Units, 
is presented in Table 8-9. Note that this matrix is based on the use of the 'actual' only for 
the range calculation of C3 as presented in the previous sub-section. The six Work Units 
are indicated as WUI to WU 6 across the top. The left column gives: 

- C 1 ➔ the Concept of Importance 
- C2 ➔ the Concept of Priority 
- C3 ➔ the Concept of Acceptability 
- C(lll) ➔ Consistency of the Linkage, using weights w1 =I; w2 =I; and W3 =I 
- C(l31) ➔ Consistency of the Linkage, using weights w1 =I; w2 =3; and w3=l 

WU1 WU2 WU3 WU4 wus WU& Weight 

I Actual jc1 0.666 0.399 0.466 0.466 0.531 0.399 1 
C2 0.407 0.400 o.3n 0.474 0.353 0.238 3 
C3 0.575 0.262 0.313 0.386 0.404 0.269 1 

C(111) = 0.560 0.623 0.676 0.769 0.755 0.537 

C(131) = 0.454 0.390 0.381 0.466 0.378 0.259 

Table 8-9: Six Work Units' Consistency of the Linkage 

In the example for Work Unit I (WU I) the cell values of C 1 = .666, C 2 = .407, C3 = 
.575 and the corresponding weights are put, from the Table 8-9 Matrix, into the formula 
for the Consistency of the Linkage and gives a value of C(lll) = .560 and C(l31) = .454. 

8.5.6.1 Weights and Matches 

This sub-section provides an explanation of the weights C( I 3 I) selected for the Perceived 
Consistency of the Linkage formula C(w 1; w2; W3) and reported on in the Results section. 

Various weight values, as presented in Table 8-10, were selected to cover an array of 
possibilities (w; = I, ... , 4). The corresponding C-formula scores were calculated for 
Company A, using the Strict and Relaxed situations to access matches. 
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Strict 
'Cf111· •• -
C(211)= 2 4 4 4 
C(311)= 2 4 4 4 
C(411)= 2 4 4 4 

C(121) = 2 3 t-: .... , 4 4 
C(131) = 2 5 

~~:· 
4 4 ·- ' ... _~_ 

C(141) = 2 ~----- 4 4 

C(112)= 2 4 •.. 4 4 •--:-~ 
C(113) = 4 4 4 
C(114)= 4 4 4 

C(221) = 2 3 4 4 
C(331) = 2 3 4 4 
C(441) = 2 3 4 4 

C(212) = 2 4 4 4 
C(313)= 2 4 4 4 
C(414) = 2 4 4 4 

C(122) = 2 3 4 4 
C(133) = 2 3 4 4 
C(144) = 2 3 4 4 

Table 8-10: Weights and Matches 

This was done because Company A had Work Unit scores closer together on average 
than Company B, with the consequence that Company A had Ci values with less variance 
(see Appendix 8.8. I which show that Company A has less score variance). By varying 
the weights from C(w,=l; w2=l; w3=l) to C(w,=l; w2=3; W3=l) a better match rate was 
achieved for Company A, from 2 matches to 5 when the near-tie criteria was removed. 
However, the performance for Company B did not improve, for the same weights, 
beyond 4 matches in the Relaxed situation. 

There was not enough data to fully explore their values and significance. However, one 
explanation of the results can be offered. When Work Units are very close together in 
performance, as was the case for Company A, there is a need for more discrimination in 
the formula to rank the linkages. On the other hand, the weights have less merit when the 
Work Units are already very different, as was the case for Company 8. 



8.6 Company A data 

8.6.1 Company A Data: C1 

WU1 
Expectation 

Number 

A 
= ··········a············· 

Sunnort 
Data 

Work Unit 
1 I 2 I 3 

·-r-···· C i ······o::.... __ • ____ ,_ __ ,..._ __ . __ 
3 

j E 2 2 
1 F 4 4 
1 G 
j H 
t...... I 2 4 2 4 
1 J 5 5 

5 
i K •••••••••• 
; L... .. •--3--1--------a..--=--1 

!···· ~ t············o---•----1---------1 
················p ······-····· 5 3 3 .... _,; ___________ _. 

Importance 
I 2 I 3 

I Suprrt I Work Unit 

A 

1 ..... :::::::::g·············! 
................................. < 
). E : 
: F 
j G ·······-···1 

l:::::::::::·••t••··········l 
; K ---

!::::::::::::::~:::::::::::::! 
! .............. o .......... J 

p 

WU2 
Expectation 

Number 

A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 
0 
p 

Importance 

A 
B 
C 
D 
E 
F 
G 
H 

J 
K 
L 
M 
N 
0 
p 

Ave 5-W1 5-W2 5-W3 Ave 

Dev 

Importance 

A 

!·······~·······l r·· D 
f E 
f F 

f ~ 
·--'-1_ 1 
. J . 1 
)•······· .. ---< 
: K : 
~ L 
~ M 

N 
. 0 1 
········p·-··-· 1 I 6.611 

S•W1 5-W2 5-W3 Dev 
0.333 0.667 0.333! 0.44! 

0.666 Importance 
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Data 
Sun=rt Work Unit 

1 1 I 2 I 3 

3 . . . . 
~·---i--•-

1 
1 1 -4 . 

2 
5 

. 
1 2 2 3 

5 4 

3 
4 4 

- 5 
5 3 ·-T-

I Suprrt I Work Unit 
3 
I 

I 2 I 

s-w1 s-w2 s-w3 
A 1 1 
B 
C 
0 
E 
F 
G 
H 

J 
K 
L 
M 
N 
0 
p 1t::]] 

0.399 



Data 
Suooort Work Unit 

WU3 
Expectation 

Number 1 1 I 2 I 3 

A 3 
. B 
; C 4 ; 3 
1·············0············ 

E 4 i 1 . 
---------11----1•--•----

. F : 2 : 
; G 
1 H 1 

I 2 1 5 
4 
2 

= J s -E t ~ 4 3 ·1 __ .,.___5 ___ 

1 M . ;·············N············ ..............••• ···········-i'---.----1 
r············~·-·········· s 2 I 3 

Importance 

A 

j ........ :: .. :g:::::::::::::! 
L. ........... e··············i 
: F : 
i ............. G • 
; H . 

;············· ~··············1 
i ............. K j 
; L 
;···········M---= 

L. ........... N ............. : 
: 0 : 
•••u .. ••••••• p 

Ave 
A 

G 
H 

j J . 
( •••••• K --··1 

i L 
j M 

l·······~-·--l 

Work Unit 
, I 2 I 3 

1 
1 
1 1 

S-W1 S-W2 S-W3 
1 1 

1 1 
1 1 
1 
1 
1 1 

WU4 
Expectation 

N...nber 

A 
B 
C 

Data 
SUCDOrt Work Unit 

1 1 I 2 I 3 

5 

4 
D 2 

,__ _ _.;:;ec.----'""'4 _ _. __ .J __ 2_i __ 
F 4 4 
G 
H 5 2 

3 
J 3 2 
K 
L 3 
M ,..... _ _.:.;.N.c.--____ ......., __ .,._ _ _, ___ ._ 

0 
p 

A 
B 
C 
D 
E 
F 
G 
H 

J 
K 
L 
M 
N 
0 
p 

Ave 
A 
B 
C 
D 
E 
F 
G 
H 

J 
K 
L 
M 
N 
0 

5 

Work Unit 
, I 2 I 3 

S-W1 S-W2 S-W3 
1 

1 
1 1 
1 1 
1 1 

p 1 1 1l 7.6667i p ,, 7.6667, 

Dev S-W1 S-W2 S-W3 ___ Dev 

0.333 0.333 0.667! 0.4444, 
S-W1 S-W2 S-W3 

0.333 0.333 0.667 ... , 0-.4444--, 

Importance 0.466 lmportanee 0.466 
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wus 
Expectation 

Number 

A 
: B 

Data 
St.a>011 Work Unit 

1 1 I 2 I 3 

5 ;·············c············ 3 
r·· o ·--2-r--
j ·--=e---f--1---t--...-.---'3~.,._---1 

r······· F 3 5 
t············G············· 4 ; 
j . H........ •----1--------1 

;,f···· ......... J, ·············•---'-42_ ... __ _.;.._4 __ ..;;2_ 
: : 

;.·.······ K ·-··-•--•-•c----
! L 
; M 
j N 

Importance 

A 

l··············~·············l 
r····· D j 

t ............. ~·············1 
i • ·H······· i 
j I j 

l··············~············! 
;·············L·············j 
!·············M············; 
t··········-·N··············; 
i •• • ·o i 
-············· p ·---

Ave 
A 
B 
C 
D 
E 
F 
G 
H 

I I . 

l·· ..... ~.·-·-l 
; L ; 
!° M • 

N 
0 
p 

5 ; ; 

2 4 
1 3 

Work Unit 
1 I 2 I 3 

1 

1 

1 

S-W1 S-W'l S-W3 

1 
1 
1 

I 

1 
11 1.3331 

WU& 
Expectation 

Ntmber 

A 
B 
C 
0 
E 
F 
G 
H 

J 
K 
L 
M 
N 
0 
p 

lmportal rce 

A 
B 
C 
D 
E 
F 
G 
H 

J 
K 
L 
M 
N 
0 
p 

Ave 

Dev S-W1 S-W'l S-W3 Dev 
1.667 1.333 0.333DJ:TI] 

Importance 0.531 Importance 
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Data 
StaXXt WorkUnit 

1 1 l 2 I 3 

1 1 
3 4 2 

3 2 
5 -··--···· 1 

4 4 
2 5 3 

5 

2 ; 3 ·-·········1 

5 4 

ls~I Work Unit I 1 I 2 I 3 

1 

S-W1 S-W'l S-WJ 
A 
B 
C 
0 1 
E 1 1 
F 1 1 
G 1 
H 1 
I 1 
J 1 
K 
L 
M 1 1 
N 
0 
p 1 1~ 

S-W1 S-W'l S-WJ 
1 11 0.6671 

0.399 



8.6.2 Company A Data: C
2 

with RANKS converted to PRIORITIES-Weights 
WU 1 Data WU2 Data 
Expectation 

Number 

A 
t--····----····a··--· 

SUDDOrt Work Unit 
1 I 2 I 3 

(················c---.jl---~---,---+---~ 

i················o··············· 3 
. E 
( F---.jl---~---''---'---------~ 

4 5 4 
2 2 5 

i G 
( H 

4 2 4 2 
5 1 1 ······-··-·t J 

r-··············~···········_···_·-1 ,--3:c-----------

1················M··············· 
-1----1------,...---

I················~ ·········-···· ············-··-------..,....---• 
·············p--·-. 5 3 3 .__ ______________ _, 

S-W1 IS-W2 IS-W3 
AVERAGE A 

B 
C 
D 
E 
F 4.00 i 10.00 
G 
H 
I 8.00 : 16.00: 8.00 -........... _....,. 
J 5.00 : 5.00 : 
K 
L 
M 
N 
0 

Expectation 
Number 

A 
B 
C 
D 
E 
F 
G 
H 

Surmart 

3 

4 

Work Unit 
1 I 2 I 3 

5 
5 5 

2 

I 5 4 ( 4 3 
J 1 : 2 
K ··--······t--<----■ 

--~~---11---2--t·-·-·3 ··+··-·-···1 .... 2-
N ............ ( 

0 
p 3 4 

S-W1 IS-W2 IS-W3 
AVERAGE A 

B 
C 
D 
E 
F 
G 
H 
I 20.00: 20.00: 15.00 
J 
K ~---L 
M 4.00 
N 
0 

p 5.00 3.00 i 3.00 22.331 p 3.00 4.00 

S-W1 S-W2 S-W3 S-W1 S-W2 S-W3 
DEVIATION 4.33 5.67 1.33! 3.7B!DEVIATION 2.00 1.00 1.001 

PRIORITY 0.407 PRIORITY 0.400 

156 

22.00( 

1.33! 



with RANKS converted to PRIORITIES-Weights 
WU 3 Data WU 4 r---... D-a_ta ___ _ 
Expectation 

Number 
Su000rt Work Unit 

1 1 I 2 I 3 

A 3 
B 

. C 2 3 r·········-·o·············· 
:,···············E----1----1•--·-..;-•• --, ---

2 ; 5 ; i ···········F·············· 4 

i G 
( H 5 2 
1· • ·····, 4 1 4 E········ .. ·····J ............... 1.-.-----1------,---

5 
1 

i-j• ············K 
; ·-L----1---2-•i----"'--~-......:'-------,1 

3 

f .••.. M 
; --,N---+----1---....---.---
r-············o···············---·------<•---

P 

AVERAGE A 
········e 

C 
D 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 
0 

4 3 5 

S-W1 IS-W2 IS-W3 

i 10.00 
20.00 ; 4.00 } 16:.~ 

Expectation 
Number 

A 
B 
C 

Sunnnrt Work Unit 
1 1 l 2 I 3 

2 
, ___ 0 ____ 4-'----1----l-·-.i-··--··· 

E 2 : 4 : 
F 2 2 
G 5 
H 1 4 

K 
L 3 
M 
N 
0 
p 5 

S-W1 IS-W2 IS-W3 
AVERAGE A 

B 

E 8.00 ; 
F 
G 

H ·--··-·•-i i 4.00 
I 15.00 : 5.00 ; 25.00 
J 12.00 I 9.oo 
K 
L 
M 
N ··-··-··~-· .... ···-r--··-
0 
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p 4.00 ; 3.00 i 5.00 20.671 P 26.001 

DEVIATION 

PRIORITY 0.377 

S-W1 S-W2 S-W3 .----. 
3.33 13.67 10.33l 9.11'DEVIATION 

PRIORITY 0.474 

S-W1 S-W2 S-W3 r--~~ 
1.00 13.oo 12.001 a.611 



with RANKS converted to PRIORITIES-Weights 
WU 5 Data WU 6 ,-----D~a_t_a ___ __ 
Expectation 

Number 

A 

Suocort Work Unit 
1 I 2 I 3 

l·············· ~ ··············-----3=------
r·············o ··-· 4 
i ••• E ·············--s--1-----3-{-·-
; F 3 1 i 5 r-··· G ·-·············•,t---2-----------"-.-
("············ H •••••••••••••• 
i ••••••••• ·1··············· -····2 . 2 i 4 
: ••••••••••• J 4 -·-·-·-i-···--
;·············· K··············l----+--1cc---+;---;---t 

( .............. ~··············•---·1---.--~.--
. N ··--···· :··--··· : --··-
, •••••••••••••• 0 ··············•----~4-; ····---j·-2-·· 
················p ············••l----+--,5=-..._-:5:.---........ -,,3 ....... 

S-W1 IS-W2 IS-W3 
AVERAGE A 

J ....... K 

L 
M 
N 
0 

·······p 5.00 5.00 i 3.00 19.331 

Expectation 
Number 

A 
B 

SuDDOrt Work Unit 
1 1 I 2 I 3 

F 3 4 
G 1 i 

K 1 
L 
M 4 i 3 

p 2 5 

s-w, 1s-w2 IS-W3 
AVERAGE A 

B ----=c-~·--·-····i--·~;---1 
D ·--·-····~-----·-.... i .......... _., .. 
E 
F i 12.00 § 
G 
H 

J 4.00 ~ 12.00 
K 
L . -M ·----···i---r,-----11 

..,__N,_..._.._......, __ _.. ... - ...... _ 

0 
p 2.00 i 5.00 

S-W1 S-W2 S-W3 
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13.00I 

DEVIATION 

PRIORITY 

S-W1 S-W2 S·W3 r--..,,..,,,~ 
14.33 7.67 6.67! 9.56iDEVIATION 11.00 3.oo s.ooj 7.331 

0.353 PRIORITY 0.238 



8.6.3 

WU1 
Eipeaa:ion 

Nurncer 
A 

Company A Data: C3 

Usina Prooortional Actual Ran-
DATA 

rGarlnllllS1) WU1 -rwu:11 
Actual !Better tWo,w Ac1Ual !Beller tWotW Ac1Ual !Beller IWOIW --

; ...... :{::::::: :::::·····r·······-1-·- ·-·~·-1 u 2 

, ·········E"······· ···········r-···-···r--•-1--;1=---ca.;;;9~---",;....+...,,.1.s-e--_, • ....,9,...1,_ .... _5_.__1_., _ __, __ s_.2 __ , __ ,·.2·--

: •••••••• ~ ·••••••• ····6··+· 5.4.+ 2.5_' ·----;·---f---1---'1 _ _,__9~__,=.~ ~i--4_.2=-i--·-5._2_ 

: ·•·····• 7 ········ ... g· s ·--; ••• 1 s ;- 1 • 9 9.9 ·-s:--➔--,a:--...---=9•-.,...;1 :3~,...•--=s-=.,,.....,.--as-=.2:-------,1-,.4:---ii 

: J 8 : 6: 2 5 7.9 3 7.1 9.1: 5 
,········K········ •••••••••• :···••···•·:·•••···-· : : 3.4 2.7 : 4.7 

' , , , ---·-!.·---!.--•-t•--='--1-...a;~-!.----
: ........ ~ ............ s .... ; .... s ... ; .... 1._ ; • ~·- ---','---.;---1f----~---~----4 

;·-·······N:········ ··----····-;···········;······- ········-~---······;----· ---------;--->---t·-------~----•-----
: ........ ~ ........ ····e·--·-'· , ' 3 6.B 1 9.1 4.5 5.7 4.2 

WU2 DATA 
Expectation ,.._..,_ f:»1l ~ (WUI) ---. ,_u..-, IWUJI 

Numt,er Actual IBener !Worse Ac1Ual tBefter !Worse Ac1Ual 1Be11er !Worse Actual teener ,wa ... 

: ······: ...•........ ~,? .... , .. ..!.:? ,-·=2.2~-1---,------f----------1-------------
f -----·-; !------··· 

f-·······f ••••••• •••••••• .. ( ......... ;·······-· ... ~: ... 1 .. ::-; .. ::- ·-4.2 \-"'1_ .... ...:5;...._,._g_i __ 5.2 __ 1--~,r-. 
: •••••••• ~ •••••••• ••• 7.2 ···;··· 2.2 ···: ···0.3._,, ________ - __ _, ___ i _____ ,___ .... __ 3.-2-..;.--3.-7--''--2.-7-~ 

1: ::::::: :::::::: :::2.2::L:.,.1 ••• J .. 0.1 ••• ··{r+-·~r+··:::- -·t-i 8.2 7.7 

'········-'~ ....•.... ··········-'·········••i•--- ·-·12-\-·-;.-r·-\-·n- --··-1--->----1---- --------,t 

!:b :J:::_!_::.-.~:·:::::_-_.,,..-::::::::_-_;-:::::::_-~_·-_·..:·:;.··_·_-,..1-=-:s:: ..... ..,=,-~""-~-=-, ..... --3._1._7~1-=--=-:::::::::-=--=-:-=--=--=--:~:-3~7-=--=-:: 

WUJ DATA 
Er:,,ec.a1ion RarvvoCS1) ~<WUlJ ,_,....CWU2) H~(WUJI 

N:.imt:,er Actual IBener !Worse Actual 1Bener IWorse Actual 1Bener 1Wol'MI Actual I Beller !Worse 
A 4 48 1.5 

: :·:::::: ~ :::::::: ::::::::::{::::::::.;:::::::::: ··--·-·--l---'---t--E ... 1_4~.2"'--..... -o:c.:·c..j·_··.f--4~."'6_..,__.::2.:;.•;......; .... _6;,;-c::6c.-.t 

: •••••••• ~ •••••••• ···········;·········· ;---t·-··_-;:;6_-;-..;7c;;.5:c...-;-~3:;..1'--t--a8.;';7:--:---::~::.-~:--"'3.22.-=:::;;--t----;----':----i 
··-·-·-·1·-·-·-;---1-'"'1."'1_,_..;;;:,...,_=,.__, ____ ., _____ r ___ _ 

! ...... .:. ........... ;,; .... l ... tr.l .. ~L ···l
1 
···(::~ ··!·· !1-·· ... E .. ~··----2.2J ... E. -····{i-·1--:~:-:--1··-+t::: 

::::::::::c:::::: :::;:;:::r::;:;::+::;;·· ···s:;····: 4.1 ; 2.~ : 6.1 -i 3.6 ;--=~ • 
:········;;;········ ···········,··········,···· • ··-· ··: ••• : - : ; '----,,:::::::: 
:: •• :::::~:::::::: :::~7:::;:::17::L:,2:: ~·9.1··-;·_5_1·-·;· 2.1::· :··0.7::.;::2.7::.;: 2.2- ·-··s.1 ·-;--=a."'6--•-..,3.~2:-~ 
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Overlap Area 

51 & WU1 151 & WU2 51 &WU3 

0.9 1.0 

1.0 0.9 1.0 
0.7 0.9 

97.0% 

Overlap Area 

51 & WU1 151 & WU2 151 &WU3 

0.4 

92.0% 96.0% 
9.0"4 ;Jo&, ..... 

C3= 0.262 

Overlap Area 

51 & WU1 151 & WU2 151 &WU3 

: : 
.-.. -.-.. -.. -.. -.. -..... ; :::::::::::···: ·-····-····· 

96.0% - 20.0%~64.0% 
36.8'1(, 19.0% 38.2% 

C3: 6.313 
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Usina Prooortional Actual Ran-
WU4 DATA Overlap Area 
Expectat,on ... .-nrwiofS1) ~ WUt "-108fWU2l - rn 

Number Actual !Beller 1worw Aclual IBener IWorY Actual !Beller IWo,se Aclual 1a.rer IWOfSe 51 & WU! ISi & WU2 ISi &WU3 
A -~--➔ -"5"-.'-l -,-6..=7 __ .;c3.;..7_.1 ___ _,_ _____ ~---------,---"41 

i I :itdi~ ~:;_!__;;-;-_t. :~.li~ i :~ ½c 
: ........................ :···········~--➔---:.---..----1--~~-~-.!:L.}-1.-L -----i----~----

1.0 
1.0 1.0 
1.0 

; ........ ~----.. -- ........... ; ........... ;.-------- ------;•·····--·!·--- --·---· :------i---------
••••••••• P ........ •••• 5.1 •.1 2.1 2 2.3 2.5 

39.6'1'. 
c$ 0.386 

wus DATA Overlap Area 
Ex:,,cctatron H.::mno (51:l ~ (WU1\ '"'-annl't fWU2l - fWU3) 

~11,.--:,t,er Actual !Beller IWorw Adual !Beller IWO<Y Adual !Beller IWorw Adual 111•11• IWorw SI & WUI ISi & WU2 ISi &WU3 
A 

l~.lU--~-l ~-- ~-, :-, =- ~~ ~-! ~l- :_,_: !~ 
1-----c-----.. ·•-·········· 

0.9 
0.9 1.0 

: ••••••••• ~········· ···H····/··: 3•
2
2. 1;:::~:}·· .... • .... ; ... 

7
.
5
·+· 2.

5
··· •••• tL~······ 5.2!···~,!l-. 1.1 (····· 5.2 ·-+··-•• 1 ··-

o.• 0.9 
: : 

···-··········1·--··········:: ...... ---·· 
:········ L •••• ... - ........... ~---·······_:··•·····•· --·-•••···f ............ i ..••• ___ •.••••••••. : ..... ._ .... i---··•- ----=----i-----····-
: ,.. : : : : : : : : 

:········~········: ···········i··········r········ :::. • :::) .... 3 ... : ... 6.5 ...••• .-·····~···········;:::::::::· ::::: U ::::}:::: 1.6 ·····;·-·· 12 :::: 

P 9 1 •.2 12 7.. 8.5 5.1 •2 7.1 3.7 5.7 2.3 3.3 66.0%··· 

C3= 0.1& 

WU6 DATA Overlap Area 
E•peaar,on R~nnA ,s,t ~,wu11 ,,.....cwU21 "----<WU3l 

Number Actual !Beller IWOIW Actual !Beller IWOIY Actual !Beller IWorY Adual Ia.r... IWOISe SI & WU! ISi & WU2 ISi &WU3 
A 

= .............. e .............................. ~ : ,... r••--·-

; ........ g .................... ~ ............. } ............ .... _1 ... ~ .. ··s.1 ~ .. s.3· _ .. e.2·-~···0.1 ... ~ •• 4.7 .... ----~···--·· .. •• .. ~·----· 

r········r······ ···~·~···r :2.e:t:.1.1::. ::.:::···i· ::: ::: ···=:~ -: ·~~· ;·-:~· 6 
3.5 :- 6..5 .... 

1.0 0.5 0.8 

1.0 

f········I········· ···H··--!---·~·;··•l••i~~ ••. ···········i···········j·-·-·· ···gT·1··-·· 5·3 j. 0•1 - : ! .... o~ .j ..... 9~5 •••• 

........................ : 

r·······~········· ···········r-······--~·········· 7.8 •-=~,_-=-=-''--=-+----,----;·---········: 
_ 1.1 •• }T • ... v .. ;.__s.3::.:.::0.2:::----,------= 

: ..... ::f::::::· .::82:::!:::32::r::3_.::: : •• 2.2···'···3.1···'·· u--· ····-·····'······················ • = .... .:·~·:::::;::::::~:::::: 

..... ,.o ..... ; ..... o.a ..... ; ............. . 
. . 

100.0% • • 82.0% 

100.0% 39_ • .,,. 33.0% 
C3= 0.575 
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8.6.4 Examples of expectations from the Questionnaire 

P = Maintenance has repaired a machine, and now explains to the operator 
what the problem was and what to do next time the problem happens. 

I = Maintenance repairs a machine, and stays at the machine until it is 
tested by a team member and successfully cycles. 

F = An emergency work order is given to Maintenance, they come, fix it, 
and the repair to the machine is done in less than 1 hour. 

J = A work order is completed, Maintenance arrives to repair a machine, a 
team member is standing by to explain and help. 

E = A work order is completed and clearly describes the problem and it's 
location on the machine. 

H = Maintenance arrives to repair a machine, and the machine is clean of 
all tools, parts, chips and oil. 

1\-1 = Maintenance completes repairing a machine, and has to wait for an 
operator to verify that it works. 



8. 7 Company B data 

8.7.1 Company B Data: cl 

WU1 
Expectation 

Number 

A :------9----
1 C :-----c5----
:_ ____ E ___ _ 
I F 
:_ ____ G ___ _ 
I H : ____ , ----
' J :-----K----
' L ~---------' M 
:_ ____ N ___ _ 
I 0 _____ p ___ _ 

Importance 

A .---------' B 
I C 
;- D 
:_ ____ E ___ _ 
I F 
:_ ____ G ___ _ 

H 
: ____ L ___ _ 
I J ;-----t<----
' L ~---------
' M 

:..----~----_____ p ___ _ 

Ave 

Dev 

Importance 

3 

5 5 
- - - 'T - - - -,- - - -

- - - ,J. - - - -·- - - -1 I 4 I 4 -- - ,. -- - -,- ---
- - - .I - - - _,_ - - -

I I 

- - - 1 - - - -,- - - -
I I 

- _1_ - _ 1 _ ~ __ 3 __ : ___ _ 
I I 5 

- - - ~ - - - _:_ - 1 -
I I 

- _4 __ - - - 1 - 1 __ : __ 3 -
3 I I 

- _3_ -
-2-~ - -2- -:--2-
- -- , - - --,- - -
- - - .. - - - _,_ - - -

- _s_ - - - - I - - - -•- - - -

WU2 
Expectation 

Number 

A ~----9----
1 C :-----c5----
:.._ - - _E - - - -
I F ,---------... ___ G ___ _ 
I H ,----------._ ____ , ----
' J ~----1(----
:,_ ____ 1:, ___ _ 

' M 
:,._ - - - _N - - - -
I Q _ ____ p ___ _ 

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

A 
~ - - - - -. 
,_ - -~ - _, 
I C I 
t- - - - - -, 
I D I ,- - -E - -, 
~ - -- - -, 
I F I .- - -a - -, 
L - - - - -1 
I H I r--i---, 
1.. _ - - - _, 
I J I 
~ - ----, ,_ - -~ - _, 
I L I 
.... - - - - -, 
I M I ,---N--, 
~ - -- --• Q I - - -p- -

0.666 

Work Unit 
I 2 I 3 

s-w1 S-W2 S-W3 
1 1 

1 1 

1 1 

1 1 
1 
1 1 

1 1 

1 
1 

1 

Importance 

A ~---------' B 
I C .----------
' 0 
:.. ____ E ___ _ 
I F ,---------... ___ G ___ _ 
I H 

~----' ----' J ,----------
' K 
:.. ____ L ___ _ 
I M 
:.. - - - _N - - - -
I Q _____ p ___ _ 

Ave 

l 6.667! 

S-W1 S-W2 S-W3 Dev 
0.333 0.667 0.3~ 

Importance 

3 

1 2 1 - - -, - - - -,- - - -
-- - ~ - - - -·- -- -

I I 3 --- , -- - -.- - - -
- - - .I - - - _,_ - - -

I I 

- - - 1 - - - -•- - - -
I I 

:):: 
- -4- -

- 3 - ~ - - - _,_ - - -
4 I I 

- - - , - 3 -, - - -
- - - J - - - -·- - - -

I 4 I :)::_ - - - , - - - -.- - - -
- - - .I - - - -'- - - -

I 5 I 4 - - - , -- - -.- - - -5 I I 5 
2 1 1 I 2 

- - - 4 - - - -=- - - -
I I -------------------------· 

A 
,- - - - - -, 
,_ - -~ - _, 
I C I ~-----. ,_ - _Q. - _, 
I E I ~- - ---; 
I F I ;- -a--, 
L - - - - -r 
I H I 
r - -,- - -, 
'- -----· I J I 

~ - - - - -. ,_ - -~ - _, 
I L I 

.... - - - - -1 
I M I ,- - -N- -, 
~-----: 
I Q I - - -p- -

0.400 

Work Unit 
, , 2 , 3 

S-W1 S-W2 
1 

1 

1 
1 

1 
1 

1 

S-W1 S-W2 

1 

1 

1 

1 

1 

1 
1 
1 
1 
1 

1 

S•W3 

S·W3 

1 

1 

1 

1 
1 
1 
1 
1 

~ 

c:::::J 
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WU3 
Expectation 

Number 
Sunnort 

A 2 

Data 
Work Unit 

1 I 2 l 3 

;-- ----s ----------• ---, ----,- -:i -
- - - - - - - - - - ► - - - - - - - - J. - - - -·- - - -

~ - - - - ~ - - - - - - - - - - - - - - ~ - _1 - _:_ - - -
I D I I 

,- - - - - - - - - - ► - - - - - - - - , - - - -.- - - -

1_ - - - _ I§ - - - - - - - - - - - - I - - - _1_ - - -

~ - -- -r: - - - - - ----- -L ~ - - - _:_ - - -• G 3 2,2,2 
.... - - - - - - - -- ~ - --- - ---, - -- -.- -- -'r ____ t:! ____ ------ --- , ____ , _!_ 

I I .-

1 - - - - - - - - - - - ' - - - - J - - - -'- - - -; J 5 4 I I 
L,.. - - - - - - - - - ► - - - - - - - - ... - - - _,_ - - -, K , 5 , 5 
;-- - - - -C - - - - - -4- - •• - - - , - -3 - -,- - - -
- - - - - - - - - - - - - - - - - - .I - - - _,_ - - -
I M I 4 
L.. - - - - - - - - - - - - - - - - - ◄ - - - -•- - - -N 1 1 , , 
:-- - - - 0 - - - - - - - - -- - - - 'T - - - -,- - - -

- - - ' --- -·- -- ------p 3 4 

Importance 

A 
&----------

' B 
~ ____ c ___ _ 

D ;-----E----
~----f: ___ _ 
I G 
;-----H----
~----,----

J 
;- K 

Su~portl 

~----c----: 
I M I 

L..---------• 
I N I ;------c5----: 

p 

Ave 
A 

,- - - - - -. 
I B I ,- --c- -, 
L. - - - - -· 
I D I 

~ --e- -: ,- - -r=- -, 
l. - - - - -· I G I 

~ - --- -, 
I H I 
r - -1- - -, ·- - - - - _, 
I J I 

~ -- -- -, 
I K I 

,- -- -- -. 
I L I ,- - -M- -, 
~ -----· I N I 

Work Unit 

I 2 I 3 

S•W1 S-W2 S-W3 

1 

1 
1 
1 
1 
1 

1 
1 

1 
1 
1 

1 

WU4 
Expectation 

Number 

A ~----9----

:..----~----' D ~---------' E 
:_ ____ F ----
' G 
►---------' H r---------
1 I 
I J -
►---------' K ~----i:----
:_ ____ M ___ _ 

N ~---------' 0 _____ p ___ _ 

Importance 

A ,----------' B 
I C 
._ ________ _ 

D ~---------' E 
:_ ____ F ----
' G 
►---------' H r---------
' I 
I J -
►---------' K ,----------' L 
:_ ____ M ___ _ 
I N ~---------' 0 _____ p ___ _ 

Ave 

~ --o- -: 
- - -p- - 1C:]) 

Dev S-W1 S•W2 S-W3 Dev 
110.667! 

Importance 0.399 Importance 
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Data 
Su ort Work Unit 

1 2 3 

4 ---, ----,- ---
- - - .I - - - _,_ - - -3 I I --- .. --- -:- ---

I I ---, - - --.- ---
2 I I 

I 1 I 1 ---~ ----·- ---
I I 3 --- , ----.- - --
I I 5 

- _s_ -
- - - I - - - -.- - - -

- - - J - - - -·- - - -4 I I --- ... ----;- ---
4 I 2 I 2 ---, ----,- ---_ 5 _ .1 _ 3 _, ___ _ 

- - - ◄ - - - -:- - - -1 I 5 I 4 ---, ----.- ---
- - - I - - - _1_ - - -._ __ .._ ______ _. 

Su~portl 

1 

A 
r - - - - -, 
I B I ,---c--• 
L - - - - -~ 
I D I 

~ --e- -: 
,---i=--• 
._, _ --- -· 
I G 
►- - - - -i 
I H I 
r - -1- - -, 
,_ ----_, 
I J I 

~ --- --; 
I K I 
r - - - - -, 
I L I ,---M--, 
~ -----: 
I N I ~--o--: 
- - -p- -

0.132 

Work Unit 

I 2 I 3 

S-W1 S-W2 S-W3 
1 

1 

S-W1 s-w2 S-W3 

I 

0.333 0.333 0.66~ 



wus 
Expectation 

Number 

A r---------
1 B 
:_ ____ c ___ _ 

D .-----E----
~ ____ F ___ _ 
I G .,. ________ _ 
I H 
; ____ 1 ___ _ 
I J ~---------' K r---------
1 L 
:_ ____ M ___ _ 

' N ~---------' 0 

Data 
Suooort Work Unit 

1 I 2 I 3 

2 
►----- ---,----,----

___ ) ___ ,' 1 _ 

2 I ------- --- .. ----~---
I I ---,----,------- , ____ , ---

3 I I 

---~--------3 5 I 2 I ----- ---,----r---
4 I I 

► I 5 I 3 
►----- ---.1----~---5 I I 
~----- ---1----~---

1 I 1 I 2 
► --4-- .. 4 -r- -
------ ---J----~---

1 4 
.,. _____ ---◄---- ►---

1 I I ------ ---,----,----· 
1------ --- , ____ , ---

WU& 
Elcpectation 

Number 

A 
:------9----
~----c ___ _ 

0 
~ E 
~----F ___ _ 
I G 
►---------' H ,----------
' I 
~----..!_ __ _ 
I K :-----i:----
1 M -~---------' N 
r-,---------
1 0 

4 

- .:t - -__ !?. __ 
- _2_ - -

1 

Data 
Work Unit 

1 2 3 

2 1 ---,----,----
- - - .J - - - _,_ - 2 -

I --- .. ----~---
I I ---,----.-----
' I --- .----. ---

---~---------I I 4 ---,----,----
4 I 5 I 

3 I 3 I ___ .. ____ ._ __ _ 
---1---->----

5 I I 3 
---, 4 (" --
___ .J ____ , ---

' I ___ .. ____ ,_ __ _ 
2 I 1 I ---,----t"'·--

- 1 • I ____ I • 5 _ 
p-- 3 5 

_____ p ___ _ ~_ ..... ______ _. 
Importance 

A 
r---------1 
I B I 

:..----~----! D I ~----E----~ 
~----'=----~ I G I .,. _________ , 
I H I ;----,----; 
I J ~---------, K I :-----i:----~ 
I M I 
L.--------- ◄ 

I N I ,----------, 
I O I ___ p ___ _ 

Ave 

Dev 

Importance 

A 
r - - - - -, 
I B I .---c--· 
L... - - - - _, 
I D I 
~ - - - - -, 
I E I ,---F--, 
l.. - - - - -· 
I G I ... - - - - -, 
I H I ' - -,- - -, 
,_ - - - --· 
I J I 

~ - - - --, 
I K I 
r - - - - -, , ___ 1=. __ , 
I M I 

r.. - - - - -· 
I N I 

,- - - - - -. ,_ - _q __ , 
p 

0.199 

Work Unit 

I 2 I 3 

S-W1 S-W2 S-W3 

1 
1 
1 

S-W1 S•W2 S-W3 
1 

1 

1 
1 
1 
1 
1 
1 

Importance 

A ,----------, 
I ____ B ____ , 
I C I 

'-----------4 
I O I ~---------, 
I E I 

~----~----; 
I G I 

►---------, 
I H I ,-----1----, 
~---------i 
I J I 
► ---------11 

I K I ,----------, 
I ____ L ____ , 
I M I 
~---------4 
I N I ,----------, 
I O I _____ p ____ _ 

Ave 
A 

r- - - - - -. 
I B I .---c--• 
._ - - - - -!. 
I D I 
~ -----, 
I E I ,- --F- -, 
'- - - ---· 
I G I 

► - - - - - • 
I H I ,.. --,- -, 
,_ -----· 
I J I 

~ -- ---· 
I K I 

r- - - - - -. 
I L I .- - -M - -, 
I. - - - - -: 
I N I 

~ - ----. 
I O I 

1c::!I - - -p- -

Dev 
110.667! 

Importance 0.399 

Work Unit 

I 2 I 3 

S•W1 S-W2 S-W3 

1 
1 

S-W1 S-W2 S-W3 

1 
t::]) 

1 ,1 0.671 

164 



8. 7 .2 Company B Data: C2 

with RANKS converted to PRIORITIES-Weights 
WU1 Data WU2 
Expectation 

Number 

A ............. _,B,.._.-

Work Unit 
1 I 2 I 3 

;···········-c.,..-----1--4-...---=5-,'--...2·- ,..__,2~ ... 
(··············o·············· i--­
;··············E············· 
;··············F·············+---------:•--·-1 
;········ G 5 2 3 ;········-•.,-H,----t------------.....,..--1 
i•··············1··············· ···-·····-···· 5 ;· ... ··J·············· ······-·-----a.--__,__;;..._-1 

l·············· ~············· ••••·•• 2·······•--3--:....-'-----"----I 
5 3 

! ........ _. M 3 4 4 4 
. N 
! 0 •• ··········p············· 

AVERAGE 

-------------
S-W1 IS-W2 IS-W3 

A 
B 
C 20.00 8.00 8.00 
D ·······e •• 

·······F·-··••♦--__,_ ____ _ 

G 10.00 15.00 
H 

······1 

J 
•••••• K 10.00 6.00 

L 
·······M······ 12.00 12.00 12.00 
·······N······ 
·······o ····••♦-.------.;__---1 
·······p--··-· 

S-W1 S-W2 S-W3 

37.671 

Expectation 
Number 

A 
B 
C 
D 
E 
F 
G 
H 

J 
K 
L 
M 
N 
0 
p 

AVERAGE 

DEVIATION 

PRIORITY 

4.33 7.33 11.67._! _"'""7._78"'!DEVIATION 

0.686 PRIORITY 

:SUppgn 
1 

3 

2 
4 

5 

A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 
0 
p 

0.473 
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Data 
Work Unit 

1 I 2 I 3 

5 4 5 

♦-•--•··--·--3 

: 

3 
2 

3 
2 

1 2 
1 i 1 
4 i 5 4 

S-W1 IS-W2 IS.W3 

··--· 
3.00 ········-· 

6.00 

4.00 

20.00 25.00 20.00 

26.001 

S-W1 S-W2 S-W3 ...--~~ 
3.00 3.00! 2.001 



with RANKS converted to PRIORITIES-Weights 
WU 3 Data WU 4 ___ ...,D_ata ___ _ 
Expectation 

Number 
Sucoort Work Unit 

1 1 I 2 I 3 

A 4 
1 B 3 r··· C 5 r-·· D 
;···············E=-----t-·----1-----i···--· 
r·············F·············· 1 i 
r-··· G 3 4 414 
I ··········H·············· ·-··--i--------,-1 ......,5--11 
I ···········1···········--
t····· J --1-+--2---, _ _, 
i° ············K·············· • 1 
r- L 2 3 
r-··· M -•---+-------2-,..._ _ _. 
!. ···········N············- 5 5 i 
'.:::·· 0 --------·--

p 3 2 

S-W1 I S-W2 I S-W3 
AVERAGE A ·······e------------

C 
0 
E 
F 
G 12.00 1 12.00 i 12.00 
H : : ··-----------·---- ____ ........... .; ................ _., ····-·--
1 i I 
J 2.00 1 ·······K······· 
L 6.00 i 
M 
N 25.00 ······o·····-
p 

Expectation 
Number 

A 
B 
C 
0 
E 
F 
G 
H 

K 
L 

Suggon Work Unit 
1 1 I 2 I 3 

3 2 
5 
4 3 

4 : 
5 5 

1 3 

2 1 4 1 4 
1 3 : 

M :------=-.,..---1-----+-=-•-i--.....-~~ 
N 5 : 1 . 2 ---o=-----------;···-··-r-·-
p 

S-W1 IS-W2 IS-W3 
AVERAGE A 1 6.00 i 

B 
C 12.00: i --o--·----~---··---r-- -
E ·········-··j • 
F 
G 
H ·····-··-··, 

--,--+--····i··--·-····t ................... . 
J ····-·····-1 • 
K 
L 

--M------j : 
-~N~➔-••--·····i··-·-·-·t·---

0 
23.00I p 

166 

6.001 

DEVIATION 

PRIORITY 

S-W1 S-W2 S-W3 
16.00 5.00 11.001 10.67lDEVIATION 

S-W1 s-w2 S-W3 r--....,.....= 
6.00 6.00, 4.00! 

0.420 PRIORITY 0.110 



with RANKS converted to PRIORITIES-Weights 
WU 5 Data 
Expectation 

Number 
Suoaort Work Unit 

1 1 I 2 I 3 

A 4 
. B ·1----+--~--...-~5,-t 
(·············c 
f·····--·······o·············· 
;···············e·············· •• 

4 

( F 3 
i -G,,.--------1--3--t--1----''---4--'----4 
( ....... H .......... 2 

r·············1···············------~-1-....... ~3-11 
i ......... J .............. . 

! K:------+---ii---"°°5---.1-5=--"'"1-4,--t 

i L 2 2 
;·•············M··················----------,.• 2···· 

. N 5 ;··············o··············----1-----~-·--
················P·············· 3 

__________ ... 
s-w, IS-W2 IS-W3 

AVERAGE A 
B ······c·-···· 
D ~-·-····-·· 
E 
F 
G 3.00 12.00; 
H ···----~--·-I 
J 
K 
L 4.00 
M 
N 
0 
p 

S-W1 S-W2 S-W3 
DEVIATION 3.33 9.67 6.33! 

PRIORITY 0.116 

WU 6 
Expectation 

Number 

A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 
0 
p 

AVERAGE 

6.331 

6.44iDEVIATION 

PRIORITY 
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Data 
SuDDOrt Work Unit 

1 1 I 2 I 3 

4 5 
. 4 

2 . . . . 
i--t-

·---=I • 2 
3 2 . 1 
1 3 3 
4 ~----r----

1 3 
2 

. 
4 5 r·-··-·-

5 5 r·-

S-W1 1s-w2 1s-w3 
A 
B 
C . . . . 
D -·-··-·-·!······--· .. t-······ .. -
E ::=:::-_-=::j • 
F 
G 
H 6.00 : 3.00 i ····-·•··--•-·-I 3.00 : 3.00 : 
J 
K 
L 
M . . . . 
N ·····-······~---·-···-t···-·· .. •• 

.. i • 
0 25.00 i 5.00 
p 15.001 

S-W1 S-W2 S-W3 
19.00 9.00 10.001 12.671 

0.275 



8.7.3 Company 8 Data: C3 

Using Proaortional Actual Ranae 
WU 1 DATA 
Expectalton ~~ e 151 l --- IWU1l --~ IWU2l -- IWU3l 

Numt>er Actual IBener !Worse Aclual IBell.,. !Worse Actual !Beller !Worse Actual IBell.,. !Worse 
A 5.2 4.11 0.3 6 Iii 3.5 ,-········ B ........... --..._...--..,..---+---=--,,---.------1-~--,------,--'-""'--+----,----:----t 

,-········ C ........ 8.2 10 5.2 10 10 0.1 6 7.1 4.2 7 II.Iii 1.1 
; ··o ········• .. --..,..-----+-"'=--+--=-----=-"-=--1-_;..-~-----+-=--+--'-..... -'=-.----1 

,·········e····· 
,·········F ········t---;---<--+---<.:---<.--+---<.'---;.--+--+---+---t 
;·········a········ ·--a~ 93 , 5.2 .. -io-l--1-o-;-o.3-.. --9-.. \-9.1 .. -_,l:_:5'.:_.1':_-:_-:_:_:_-,,.-_-_-•.! ...... :-_

1

-_-... ! ........ _ .. 
2
: ... --t 

'·········H········• .. ---<--······:·-······ ........ -.,.-....... ,.-....... ··---i--•-- 8 -
. I 8 9 1.2 : •• ··i········ 
: K : •• L •••••••• 
: M ••••••• 

;-········N········ 
1·········0········· 
··········p ...... 

.... ~.2 , 10 5.2 2.1 . 9.3~ .... o"".3'--f--'6"".6'--~.---9 ... 2 ........ _4_.3 __ 1-_1 _ _, .. _a"---...... --2._1--1 

:::·f2··-~---·22··--j--:9:--.-=-3-t---<;---·-·--j---t---!·---!- ---i----i--

----------------------------------
WU2 
Expectalton 

Numt>er 
A 

,·········0········ 
,·········c········ 

DATA 
" 3 ~ 1511 -•- IWU1l -•~ IWU2l -•- :wU3l 

Aclual IBener 1worse Aclual 1Bet1er IWorse Actual 1e.n... 1Worse Actual IBell.,. !Worse 
7.5 8 5 7.5 11.4 1.11 6.5 9 1.5 

4 9.1 0.5 7.5 9 0.5 ,········o········ . . . . . . 
;·········e········· ··••u•····:·· ............ _--+ ___ : ------:---·---- --------!---:--- -----~----!----··· 
j••·······F········· ···········~····· ........ i i··-··--!--..... ---i---i--- -·--i----1·---1 
i········a ········• .. ---,...--<---.J1--.. 1 .. o-,---1..,o-0- .. 8,....-+---.. ,----,.---+----,..---,.---1 

,········· H •••••••• :::~:~'--i--"9"'.2'--i--"1.::.7-4_..:8:....~...;8;_+__.;4:.....+--:.-:-~-::--:-+--:-:-+---.;...---e-----l 
: I 8.7 5.7 2.7 
,. •••••••• i········ ···1f2 9.5 1.4 8. 7 6.2 2.2 
: K .... iO : 10 0.1 
: ••••••••• L......... -....---''--+----<---·-:::.:::::-:..--'-=.:.::-::=-~------==-•-c=--t---::---,--:-""!---:-·-

;:::::::::~ :::::::: ... !!,~ ... .1, ..... ~ .... .l, .... 9~5 ......... :-···l· .. ·:::-·!·· .. :··- .... :::-.!-:~···~,; :.: ... · ❖ -i .. )s~ ..... L. 
,-········o········ 
··········p········ ----------------------------------
WU3 DATA 
Expectalton Ra~(51) ~ tWU1) --~rwU21 -•-rwU3l 

Numt>er Actual IBener !Worse Aclual 1Bener 1Worse Actual 1Be!!er !Worse Actual IBM!er !Worse 
A ... .:':,~. 6 1.5 

•......... B ........... --..---<----.JI-----:--•-' : : 1.1 3.2 : 2.1 
; ......... f ......... ···········i ........... i ·. ·-•i.• 8.7 '..· 6.7 '.. 2.3 i_-·--i.-.. -: 0 : : ,·········e········ ··········•,:---,-.--1----<,· .. --.1--·-1------•,----1-----,..---1---1 

,-········F········ •• 9.3 10 6.4 .... -,---·, 

= ......... G ........... .7 .. : 9 4 9.5 10 7.5 9.7 : 7.7 2.2 7.2 4.1 : 2.6 
. H : : 1 ___ _,_ __ -;---i---------; 7.2 3.fl : ... 2.2 .. 

! ········· l ········ :::: 6 ::::]:::: 8. 1·:=j :=·3 :::: :=· 8.3 ·::l:::: 9.4 =:l::. 5.4 = ==;.;:~~;::::-5~; .... ;=~=- =~~::::l==-~i=-1::;~;:: 

:···--.. ··L····· .. -· ···1~s···:·····9··--1 s.s r·-····--=·---- ·-u··-~---:;_ .. ,--~--ii- ·------~ 
,-········M········ : 9.7 7.6 2.2 
,. •••••••• N ••••••••.... 8 .... !, ... 9.5 5.9 8.5 9.5 5 
,-········o········ 
•••••••••• P ........ 1.3 0. 1 5 6.6 6.2 3.3 

168 

Overlap Area 

51 & WU1151 & W ""'51 &WU3 

0.8 0.8 0.9 

0.8 0.9 

0.9 0.8 

0.6 0.9 1.0 

53.6% 
C3a 0.557 

Overlap Area 

51 & WU1151 & W ""'51 &WU3 

0.7 

1.0 

1.0 

1.0 0.9 1.0 

38.6% 36.4% 32.0% 
C3a 0.357 

Overlap Area 

51 & WU1151 & W ""'51 &WU3 

0.8 0.7 1.0 . . . . 
--····· .. ····~··· .. ·········~ ... --.--.--.. -
..... 0.11 ......... __ _, 

49.4% 30.0% 19.6% 
C3a 0.330 



Using Propc,rtional Actual Ranaa 
WU4 DATA 
Expectation ~~ 1511 __,... IWU11 -•- IWU2) -- IWU31 

Number Actual !Beller !Worse Actual !Belter 1worse Actual 111e11er ,wane Actual 1Be!ter 1wone 
A 4 7 6 ~ ~ U 

,-· •••• a· ••• o.s···, .. 6 , 
,········c········ s--··, 6 : 3 8.3 1.1 =_..;1.;..,.a... .... __ .,... __ , 
;·········o· .. --.-- ....... -··!······-·-!-..a.--t-=-•-"'""'--! . !- . 
,·········E •••••••• -·····i·-····-···j----ji---:8".3:--< .. ~1.-=3°-,-o,...8-+---... ;·---j- ·---j-------1 
,·········F········• .. --.,_--~----==---. .. -=: .... l ..... ...-.. -1-...,,9"_2=--.,.....,a.c-2=--.,...-=o,...3=---t--c::5,.... ..... -=10=-..,......,5:--1 
,·········G •••••••• , 8.3 c 
: H. • 5 8.3 5 
,-········,········ 

;·········~········ 
?·········.·········· 
i ~ 
: ••••••••• N •••••••• 8.8 8.3 0.8 9.3 8.2 0. 7 5 10 5 
,·········o ········t--~---+--+--='--~=-:...::::..-1-..::,::....~=-;--':;;..+....:c....+-...:..:'--..--=--t 
··········p········ 

________________ .._ _______________ _. 

wus DATA 
Ex;,eaa1,on Ran<1e(511 --~iwu11 ~1wU21 ...,,..IWU31 

Number Actual IBe11er !Worse Actual 1Be!ter !Worse Ad.,.I !Beller !Worse Actual !Belter !Wene 
A .... s.... 9.5 7 ,········s ........ = , , : 1 , 8.5 , o.5 

;·········c········· ........... ~·········--i---1---,9,-.5:--<:· 9.3 -~ 1 ----~.-.--~--- ----~·-·---~---
,·········o •••••••• 1--· 
,·········E········· ···········-···············-······ ---;----1---:----:-----1 

,-········F········· : : 9.5 9 1 

7.2 , • G • ... es ... ; 9.4 ; 6.5 10 9.5 o.5 10 10 

: H • • 9.5 8.9 ~ .... <?:~ •·~-c-➔•-c::-:,--..-,:.-;---;-.,=-t 
: I ........... } ........... ! ...... - .. ·---i--•-i 5.2 i 7. 1_( .. 2. 1 . . 8.5 _,_: _.;.=.--,.._=-, 7.5 0.9 
:········· i········ 79 : 9 : 5.9 : : : : 
,········· K •••••••• ···········r·······-·\--'=--<1--1-,o,... ... , ... ifs-·i-o-, ••• -·T5-i-9-.1-~ -'~°"·,,~-. .,_ __ 9 _ _,._-__,_ .......... 
;········ L········· 7 8.4 ... ~.-- 3.2 5.7 r 2.2 

8 

: •••••••• M •• ··•---------
9 5.2 0.5 

: N .•.. 8 .... ': .••.. 9 -·-': ..... 6 • ,·········o .. .. i----,--------1---.:.---.:.----1----;---...,..---1 

•••••••••• P •••••••• .,·_·:,:,:,:,:,:,:,:,:,:,:,'::,:,:,:::,:,:,:,:,:,:,:,'::,::,::,:_··-_-_-_-_ -_•._· -_ ..,.;;a".;;.6:::'::.:°"5_ ""._2::_:,::,:,1:.6:.:!:::,:::::.::a::.::.:~~:_.-1 

WU6 
Expec1a1,on 

Number 
A ,-········s········ 

,·········c········ 
,-········o········ 
,·········E········ 
,·········F········· 

!·········~········ 
i···----···1········· 

::::::::::J::::::::: 
. K : •••.• L.. • 

: M 
: N '········o·· ••• 
··········p········ 

DATA 
Ran<ial51l t<an<JBCWU1l -~1wU21 

Actual IBener 1worse Actual 1Be11er 1worse Actual IBel!•r !Worse 

6 8 ' 

5.5 2.5 

...,,.,.IWU3) 
Actual •Beller ,wane 

________________ .._ ________________ _. 
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Overlap Area 

51 & WU1151 & W • ""51 &WU3 
88.0% 

0.7 

1----0----,--·-

11 ... .,., 

0.103 

Overlap Are• 

51 & WU1151 & W ""51 &WU3 

0.9 0.9 

0.6 

17.0% 29.C% 
C3a 0.155 

Overlap Area 

51 & WU1151 & W ..,.51 &WU3 

·-···········i.----..... -::-,;-•t 
_o"~--1---~-..J>~ ... 

32.8% 18.0% 11.8% 
C3z 0.209 
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8. 7.4 Examples of expectations from the Questionnaire 

J = Production Control gives the work unit visibility on what work is comming. 
C = The work unit gives Production Control enough notice to get more work or to 
drop ship to the Customer. 
G = The work unit is keep up-to-date on the age-old report. 
M = The work unit replenishes EDI & reman, so there is enough stock when a 
drop-ship is required. 
K = The work unit is flexible enough to meet a Customer time frame of "within a 
day." 
H = Production Control keeps the work unit aware of any exceptions, like large 
orders, so the work unit can ramp-up or be prepared. 
L = Production Control gives a timely response (few hours) when the work unit 
does not have any work. 
N = Production Control understands what the work unit does and how their 
process works. 
I = The work unit relates all information that Production Control needs for their 
job. 
A = The work unit is aware of what Production Control does. 
O = Production Control is in a lot of meetings and this reduces communication 
and response time. 



8.8 Research Issues 

8.8.1 Variance between company's scores 

This discussion suggests an explanation for the differences between Company A& B 
matching performance. That is, although both Companies A & B had excellent work 
units, Company A results were expected to be somewhat different from Company B 
because, as will be discussed further below, the Company A Work Units: 

• were recognized as being better; 
• choose a greater percentage of expectations in common; and 
• had less variance in their consistency scores. 
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This means that the performance of the C-formula for Company A may not be as good 
because the Work Units, being better, might be similar to each other so they may choose 
more expectations in common and this could result in scores that are closer together and 
make it harder for the C-formula to discriminate between them. These opinions are 
presented below in tum. 

I ComNnY A WGlll Unlll 

companx aw. un1a I 

Poor Perfomrang Scale (orrffl Compq11it1' Work Unils Excellent 

Company A's international recognition through an industry competition as one of the ten 
best plants in North America (1998), their receipt of numerous customer awards, and 
observations at the site of their efficient team meetings and the cleanliness of the physical 
plant all testified to their superior performance. 

_Common 
.. UlliQue_ 
Not 

----------- ___ 28 .. 6 __ 

-- 25.0 _____ 36.4 --
__ A3,.8 __ -- __ 63 .. 6 __ 

31.3 

Table 8-11: Selections held in common 



Table 8-11 summarizes the results from Tables 5-13 and 5-30 as diagrams. Of the 16 
expectations on the Questionnaire 43.8% were selected by the Hi-group and/or the Lo­
group (green & yellow shading compared to red) of Company A, and 68.8% for 
Company B. Company A selected 36.3% less expectations than Company B. For the 
expectations that were selected by any of the six Work Unit linkages, the Company A 
Work Units were focused on a smaller set of expectations. 
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For the set of expectations selected 71.4% were selected by both the Hi-group and the 
Lo-group (green shading compared to yellow) of Company A, and 36.4% for Company 
B. The proportion of Company A expectations held in common was 96.1 % more than 
Company B. So the Company A Work Units had more focus on expectations held in 
common between the Hi-group and Lo-group. 

__ .,,_., - ... ---~-, .. --------•---J~----~:-·•· ....... .....,_ .. __ ...._,.~-
___ - ·- - ·-·-· -- -- --- := .• • .:,:.:-:·:::-- :•:.;. ~--_-_ :.;,_ -~!~~:7_:..:__~ --

Comp a11_j ·A.: r-~.,...,..--...,........,-.....,,.....,.-....,._.--,,...,.,.,,......_._......,,......,._ 
I MIN MAX Interval AYE I AV EDEY I 

C 1-value = i 0.399 0.666 0.267 0.488 0.074 i 
CZ-value= i 0.238 0.474 0.236 0.375 0.053 ; 
c 3-v a lu • = ::-, --=o-,.2:,-,6=2--,..-...,.0-.5""7""'5,__~...,o,__.,,,.3-c-1 -=-3---,,--=o-=.3=6..,.8__..,,..._..,.o...,.o,..,a'""'1,,_.. 

C(111) = 

C(131)= 

0.310 

0.259 

0.560 

0.466 

0.250 0.063 

0.207 0.388 0.049 

Com pany_B_·_ 
r-1 --,M=IN,,,__ __ M.,,..A""'""'x-__,1,..n~ •• -,-v-.~I ....... --.A~Y-:-:E=--...,, .... A-v"=E"""D""'E,..,.Y-1 

C 1-value =; 0.132 0.666 0.534 0.366 0.134 . 
c 2-v a lu • = i_,,_o .-1~1-o ....... _.;c.o '""_5""'a-"'5-..--"o-.5 .... 7'--6,._...--o.,..._..,.3-4 =1 --o.c.._-1..c.a-o__, 

c 3-v a lu • = ~= _o_. 1_0_3_,_""""o_.s"-'s'--7 __ . __ o_._4_5 '-~-o_.2_8_s__...,__~o_. 1_3_0__, 

C(111) = 

C(131)= 

0.116 

0.11 2 

0.639 

0.674 

0.523 0.336 0.143 

0.562 0.344 0.170 

Table 8-12: Variation in the six Work Unit values 

Table 8-12 presents some of the differences in the score data and shows that the variance 
between the six Work Units selected by the two companies' management was tighter in 
Company A. The chart compares, under several headings, the Company A & B C1 and 
C-formula calculated values (unweighted and weighted) for the six Work Units (WUl to 
WU6), vis: 

• MIN: Lowest score between the six Work Units; 
• MAX: Highest score between the six Work Units; 
• Interval: (MAX- MIN) scores; 
• A VE: Average of the scores for the six Work Units; 
• A VE DEV: Average Deviation of the scores for the six Work Units from A VE; 
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It can be seen that in each case the Company A values are within the bounds of the 
Company 8 values. That is, the Company B MIN are all lower than the Company A 
~UN; the Company B MAX for each Ci or C-formula value are all higher than the 
corresponding Company A MAX; the Company B Interval are all larger than the 
Company A Interval; and the Company B A VEDEV are all larger than the Company A 
AVEDEV. Thus, Company A has less variation in it's scores than Company B, so the 
ranking of Company A Work Units might be seen as a more stringent condition because 
it is harder for the C-formula to discriminate between Work Units. 

Again, one interpretation from this section is that the performance of the C-formula for 
Company A, compared to Company B, is not as good because the Company A Work 
Units, being better, are similar to each other so they choose more expectations in 
common and this results in scores that are closer together and this makes it harder for the 
C-forrnula to discriminate between Work Units. 

8.8.2 Positively orientated expectations 

Both Company A & B Work Units selected a high number of positive expectations, 78% 
and 89% respectively in Table 8-13. It appears at first look that Company Bis more 
·positive'. However, due to a method improvement on the ratio of positive to negatively 
orientated expectations the Questionnaires for Company A and B were different. That is, 
the Company A expectations contained 50% positively worded expectations, while 
Company 8 had 69%. This brings into question whether Company B is more positive if it 
had more opportunity to choose positive expectations. Normalized results show that 
Company A is in fact more positive than Company B. 

. . . 
. . •·---· ..... ~ -· 

Company A 

CompanyB 

--, --- ---·. -

Positive vs. Neaative 
Selected I Questionnaire I Normalized 

78.3% . 50.0% . 78.3% 
: 

89.2% 68.8% 64.8% 

Table 8-13: Positive vs Negative expectations on Questionnaire 

As is discussed in the Results section, one alternative for future research is to keep the 
ratio of positive-to-negative expectations at 50% and have a penalty for the selection of 
negative expectations. This should allow not-as-effective Work Units to be consistent 
with the negative expectations, allow a greater spread in the consistency scores and ease 
of ranking. 
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8.8.3 Ties and Near-ties in consistency scores 

When two scores are the same they are considered to be 'ties' and their rankings will be 
added and divided by 2. The Work Units associated with the tie can take on either 
ranking. For example, if the 3rd and 4th Work Units have the same score, then they both 
receive the rank of 3.5, and they can assume the ranking of 3 or 4 for the purpose of 
accessing matches in the relaxed situation. 

The calculations of the consistency scores are subject to noise as outlined in section 5.2. 
To estimate the impact, the researcher did small changes to the actual data to determine 
the range of scores that would result. For example, a Work Unit member's selects a 
certain expectation as important, assigned it a priority and an acceptability range. These 
choices are reflected in the scores for C 1, C2 and C3. Then these values are put into the 
unweighted and weighted C-formula (C(lll) and C(131)). These scores are called 
'Actual' in Table 8-14. 

C1 

C2 

C3 

C{111) = 

C{131) = 

More 

0.732 

10.0% 
0.067 

0-455 

10.0% 
0.057 

11.2% 
0.051 

Consistency in Company A.scores:. .· .. 

WU1 I WU& 
I Actual I Less I More I Actual I Less Weight 

0.666 0.599 0-466 0.399 0.331 1 

10.1% 16.8% ; - --:. . .:;; - :-·-- 16.9% 
0.067 0.067 : .::j~:.-:-:·t 0.068 ./ .. }. - ,. '~--.•;_ ..... ~ - -

.. •.- ~- - .":-'..::-~ -~-.:-:,. ~;_ -- ; ,:- : .·.- - -~:.:·JI±.:~~:.-~::-, ~E:.~ r -,··--·-· 0.407 0.359 0.268 : 0.238 0.226 3 

Table 8-14: Variation in consistency scores 

This table also shows the two extreme examples of actuals for Company A, Work Unit #I 
and Work Unit #6. That is, WUI was the highest ranked by the Company A judge, and 
WU6 was the lowest ranked. 
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Lastly. the table shows the scores called 'More' and 'Less' consistency. That is. the 
actual data for one expectation was changed, by the researcher as an experiment. to allow 
for one more instance of consistency between one Work Unit member and the Support 
Group person. and the scores were recalculated. For example, for WUI the actual score 
for CI is .666. and when one further instance of consistency is created then the 'more• 
consistency score is .732 which is .067 higher than the actual, or 10.0%. On the other 
hand. when the actual data for one expectation was changed to allow for one less instance 
of consistency and the scores were recalculated the 'less• consistency score is .599 which 
is .067 lower than the actual, or 10.1%. 

From the analysis above it can be seen that a very small change in the selections by one 
person alone might have an impact on the resulting scores of more than. 5%, or a 10% 
range. This research takes a more conservative approach and assumes that in the case of 

scores within + 2.5%, or a 5% range, that the ranked values will be considered to be a 
'near-tie'. and will be treated the same as a tie in scores. 



8.8.4 \Velch amendment to Ross for ties 

Citation: 
Dr. Patricia (Newcombe) Welch 
Statistical Consulting Service 
Department of Statistics and Actuarial Science 
University of Waterloo 
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DERIVATION OF THE PROBABILITY DISTRIBUTION OF THE NUMBER OF 
MATCIDNG FIELDS IN RANDOM PERMUTATIONS OF 6 OBJECTS 

Consider a permutation of a finite number of objects. Each of the sequential positions of 
the objects in this permutation will be described as a "field". The term "completely non­
matching permutation" (CNMP) is defined here to describe a permutation of these objects 
which differs in all fields from the original permutation. The term "tie" indicates that two 
objects are considered to be indistinguishable. 

If two permutations of the same x objects have matching objects in exactly k 
corresponding fields, they are said to have k matches. The problem at hand is to derive 
the probability distribution of the number of matching fields of random permutations of 6 
objects \vhich may consist of the following : 

Case I : 6 unique objects 
Case 2: 4 unique objects and one tied pair 
Case 3: 2 unique objects and two distinct tied pairs 
Case 4: 3 distinct tied pairs 

If 2 pennutations of x objects have one matching field only (k=l), then the remaining (x­
i) fields must comprise CNMP's of the remaining (x-1) objects. Similarly, if k=2 then 
the remaining (x-2) fields must comprise CNMP's of the remaining (x-2) objects, and so 
on. We note that if 2 permutations of the same x objects match on (x-1) fields, then the 
remaining field must also match and thus it is impossible to have k=(x-1 ). 

Let CNMP(x;y,z) represent the number of completely non-matching permutations 
(CNMP's) of x objects, of which y are unique and the remainder consist of z tied pairs 
which are unique from each other. Elementary counting rules can be used to derive the 
results in Table I below, which may then be used to derive the required probability 
distribution. 
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Table 1: 

X Number of CNMP's of x Number or CNMP's or x Number or CNMP's of x 
unique objects objects, consisting or (x-2) objects, consisting or (x-4) 

unique objects and uactly 1 unique objects and 2 distinct 
tied pair lied pain 

2 CNMP(2;2,0) = I CNMP(2;0,l) = 0 

3 CNMP(3;3,0) = 2 CNMP(3;1,l) = 2 

4 CNMP( 4;4,0) = 9 CNMP( 4;2, 1) = 2 CNMP( 4;0,2) = I 

5 CNMP(5;5,0) = 44 CNMP(5;3,l) = 12 CNMP(5;l,2) = 4 

6 CNMP(6;6,0) = 265 

Let k represent the number of matching fields in two permutations of 6 objects. 

Case 1: Permutations of 6 Unique Objects 

If all six objects are unique, the required probability distribution is simple to derive, since 
the (6-k) non-matching objects in a permutation must constitute CNMP's of the objects 
in the corresponding fields of the permutation to which it is being compared. The 
probability that k=j is thus given by 

Prob(k=j) = { [6!/((j !)x(6-j)!)] x CNMP((6-j);(6-j),0) }/ 6! for j=O, l,2,3,4. 

and Prob(k=6)=1/6! 

where the values of CNMP((6-j);(6-j),0) for j=0,1,2,3,4 are obtained from Table l. 

Cases 2, 3 and 4: Permutations of 6 objects, which include Tied Pairs 

These cases are more difficult to deal with since the number of CNMP's of the non­
matching objects in a permutation will depend on whether or not the non-matching 
objects themselves include tied pairs. Thus it is necessary, for each possible value of k, 
to determine the number of distinct ways in which k fields can be selected from 6 fields, 
and then for each of these, to determine the number of CNMP' s of the remaining non­
matching objects using the results in Table I above. 

The probability distributions for the number of matching fields are presented in table 2 
for cases 1,2,3 and 4. A sample calculation follows table 2 to illustrate the procedure. 
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Table 2: Probability Distributions of the Number of Matches (k) for Cases 1 - 4 

k No Ties (Case 1) One Tie (Case l) Two Ties (Case 3) Thne Ties (Case 4) 

0 0.3681 0.2333 0.2167 0.1111 

1 0.3667 0.3778 0.3111 0.2667 

2 0.1875 0.2583 0.2611 0.3000 

3 0.0556 0.0889 0.1333 0.1778 

4 0.0208 0.0389 0.0722 0.1333 

6 0.0014 0.0028 0.0056 0.0111 

Example Calculation: Find Prob[k=l] for Case 2 (4 unique objects and 1 tied pair) 

If the matched field contains one of the tied objects, then the objects in the remaining 5 
non-matching fields will be unique. We know that the number of CNMP's of 5 unique 
objects is given by CNMP(5,5,0)=44 from table 1. Thus we have 2 distinct choices of 
matching fields multiplied by 44 CNMP's of the remaining 5 unique objects to yield a 
total of 2x44=88 distinct permutations of this type. 

However, if the matched field contains one of the 4 unique objects, then the remaining 5 
non-matching fields will consist of 3 unique objects and one tied pair, for which 
CNMP(5,3, 1 )= 12 is obtained from table 1. Thus we have 4 distinct choices of matching 
fields containing a non-tied object multiplied by 12 CNMP's of the remaining 5 objects 
to yield a total of 4x 12=48 distinct permutations of this type. 

We note that there are 6 !/2 !=360 distinct permutations of 6 objects which consist of 4 
unique and 2 tied objects. Since we have 88+48=136 distinct permutations which will 
match on one field only, the probability that k=l for Case 2 is 136/360=0.3778 . 




