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ADAPTATION OF A FOCUSED FACTORY TO A MISSION CHANGE: THE
INFLUENCE OF MANUFACTURING REQUIREMENTS AND CAPABILITIES

ABSTRACT

This paper examines how a focused factory adapts to a change in its manufacturing mission. We
use the organizational nature of production operations to suggest that the effectiveness of
adaptation will depend on how well the manufacturing requirements of the new mission match
manufacturing capabilities at the production line level. We test our hypotheses using primary data
from a well-known focused factory of the Copeland Corporation. The results suggest that the
factors that influence adaptability derive from individual and organizational competence, and that
the direction and extent of their influence depends on the systemic nature of the operational
activity concerned. The results highlight important roles of carefully designed complexity in
operations and of process-oriented decision making on the shopfloor in successful adaptation.
This work contributes to our understanding of how factories and, more generally, business
organizations overcome impediments to successful change.



ADAPTATION OF A FOCUSED FACTORY TO A MISSION CHANGE: THE
INFLUENCE OF MANUFACTURING REQUIREMENTS AND CAPABILITIES

This paper examines the effectiveness with which the production lines of a focused factory adapt
to new manufacturing objectives. Recent conceptual arguments suggest that an organization’s absorptive
capacity will affect the success or failure of the organization’s attempts to adapt (Cohen and Levinthal,
1990). Results supporting this proposition arise in several contexts, including development of new
technological capabilities of a firm (Cohen and Levinthal, 1990; Gambardella, 1992), knowledge transfer
in inter-firm alliances (Mowery, Oxley and Silverman, 1996), knowledge transfer within firms (Szulanski,
1996), and information technology implementation (Boynton, Zmud, and Jacobs, 1994). In a previous
study, Mukherjee, Mitchell, and Talbot (1999) show that the productivity and quality performance of
production lines of a focused factory decline when lines lack absorptive capacity relevant to a new
objective. The current study identifies factors that may affect absorptive capacity and, in turn, might
influence the success of focused production lines in adapting to a change in manufacturing objective.

We use the concepts of absorptive capacity and organizational routines to develop two sets of
hypotheses concerning how manufacturing requirements and manufacturing capabilities influence the
success of an attempted change in manufacturing mission of a factory. The predictions emphasize the
view that organizational routines tend to constrain change within path dependent lines. We consider two
elements of manufacturing requirements, including similarity of routines and magnitude of change. We
consider five elements of manufacturing capabilities, including the number of production line routines,
the number of routines that individual employees have experience with, the extent to which a line has
mastered its old routines, availability of slack resources, and greater horizontal information processing.
Together, manufacturing requirements and manufacturing capabilities lie at the intersection of the need
for change and the ability to change to fulfill a factory’s manufacturing mission.

This work contributes to our understanding of how factories and, more generally, business
organizations overcome impediments to successful change. Hayes and Clark (1985) note that confusion
tends to prevail when focused factories lose their focus. More generally, many convincing theoretical and
empirical studies in organizétion theory, economics, and business strategy show that firms face strong
social and economic inertial barriers to organizational change (e.g., Cyert and March, 1962; Nelson and
Winter, 1982; Hannan and Freeman, 1989). Nonetheless, although many organizations do not respond
successfully to changes in their competitive environments, some firms do adapt successfully over time.
We seek to understand how factories and, more generally, firms can balance their needs for reliability of
current activities with their needs to reshape business capabilities. Our results indicate that the role of
focus in this context is to prevent the complexity of meeting this dual need from degenerating into

confusion.



Our empirical analysis examines productivity trends for sixteen production lines over a 48 month
period (768 productivity data points) during which a focused factory underwent significant changes in its
manufacturing mission. We use data for 1,300 parts in measuring changes that took place during the four
years of the study period, combined with a survey of plant personnel. This is a moderate-sized data set
that provides an effective opportunity for the analysis owing to the fine-grained detail available
concerning the nature of the changes and the effectiveness with which the factory adapted. The empirical
results support several hypotheses, while rejecting others. The predictions tend to take a relatively simple
starting point for examining adaptability, reflecting the underlying assumption that the greater the change,
the greater the difficulty in adaptation. The rejected hypotheses increase our understanding of situations in
which seemingly difficult changes may actually be viable. We believe that the interpretation of the results
help us understand how routines and absorptive capacity do indeed constrain some changes, but may also
assist some forms of organizational change.

1. THEORY AND PREDICTIONS

Our goal is to understand why some production lines adapt with greater or lesser effectiveness to
a change in their manufacturing objective. We will first define several key terms derived from a ‘top
down’ model of business strategy that has strong intuitive appeal and is widely used in practice.
Corporate strategy largely defines business unit strategy which largely defines functional (e.g.,
manufacturing) strategy. From manufacturing strategy flows facility (e.g., factory), discipline (e.g.,
engineering) and interdisciplinary (e.g., product development) missions. A factory mission (what Skinner
[1974] would refer to as a ‘manufacturing task’) is translated into manufacturing objectives for specific
operations or production lines. We argue that how well a production line meets its manufacturing
objective depends on two factors: the manufacturing requirements of the objective and the manufacturing
capabilities of the line. Manufacturing requirements are the manufacturing routines that the firm needs in
order to achieve the manufacturing objectives. Manufacturing capabilities are the manufacturing routines
that the firm currently has available. We develop two sets of hypotheses concerning how manufacturing
requirements and manufacturing capabilities will influence production line adaptability to new production
line objectives.

Our argument derives from applying the organizational theoretic concepts of routines and
absorptive capacity to the context of production lines. First, consider the role of organizational routines in
organizational change. Organizational change in response to changed objectives, whether change involves
production line changes or other changes, necessitates the creation of new organizational routines.
Routines are identifiable patterns of activity embodied in human and capital assets (Winter, 1990; Dosi,
Marengo, and Fagiolo, 1996). In this sense, routines are the skills of an organization that span individuals

in ways that no one person can fully understand or control (Nelson and Winter, 1982; Hannan and



Freeman, 1989). Examples of production line routines include technological processing routines,
information flow routines, material flow routines, and manufacturing support routines. Organizations can
either create routines from new resources or recombine existing routines in order to achieve new purposes
(Galunic and Eisenhardt, 1996).

Second, consider the relationship between the creation of new routines and absorptive capacity. A
firm’s ability to create new routines, whether by acquiring new resources, by recombining existing
routines, or through some combination of new resources and routine recombination, will tend to depend
on a firm’s absorptive capacity. Absorptive capacity is the ability to recognize, evaluate, assimilate, and
utilize new knowledge (Cohen and Levinthal, 1990). New knowledge, in this context, may be basic skills,
a shared language, shared uﬁderstanding of technical developments, or, for our purposes, shared
understanding of new manufacturing objectives. Prior related knowledge confers an ability to recognize
the value of new knowledge, as well as to assimilate and utilize the knowledge. In the manufacturing
context, Abernathy (1978) and Rosenberg (1982) note that direct manufacturing experience helps a firm
recognize and utilize new information relevant to a specific product-market, especially when the new
information builds cumulatively on the firm’s experience. Similarly, the absorptive capacity of a
production line tends to develop cumulatively. The capacity may develop through transfcr of knowledge
among the members of a line, as well as through the interface of the line with its environment including
other lines and functions within the factory and external agents such as suppliers of parts to the line. Thus,
absorptive capacity is path dependent, in that it builds cumulatively on past experience in a particular
organizational context. Moreover, creation of new routines is an organizational process that involves
understanding what new routines are necessary, identifying candidate component routines within the
current portfolio, evaluating alternatives, and creating the needed responses through re-combinations.
This process of creating new routines must address manufacturing requirements and manufacturing
capabilities. |
1.1 Manufacturing Requirements

We use the concept of manufacturing requirements to define the routines that a production line
needs to achieve its manufacturing objectives. Such routines may include activities such as transmission, .
interpretation, planning, handling, processing, and controlling functions. Manufacturing requirements
derive from the objective at hand. Changing the manufacturing objective of a production line is similar to
organizational innovation at a micro-level. Research on organizational innovation suggests that the
characteristic of an innovation will influence its success (Abrahamson, 1991; Damanpour, 1988, 1991;
Poole and Van de Ven, 1989). Some researchers explain knowledge transfer success by stressing

attributes of the knowledge transferred (Winter, 1987; Zander and Kogut, 1995). Lower manufacturing



requirements of a new objective imply less stretching of the current routines. Accordingly, we propose the

following hypothesis.

Hypothesis 1: The greater the additional manufacturing requirements of a changed objective, the

less effectively a production line will adapt to the change.

We operationalize change in manufacturing requirements using two elements: routine deficiency,
and magnitude of change. We propose a testable hypothesis concerning each element.

First, we examine the concept of routine deficiency. Cohen and Levinthal (1990) note that
successful assimilation of new knowledge depends on how closely the new knowledge is related to the
old knowledge. Mowery, et al. (1996) operationalize the concept of closeness of relationship in terms of
resemblance, which for their study is the technological overlap between allying firms. For a production
line that faces a changed objective, resemblance arises with the similarity of the routines needed for the
old objective and those of the new objective. The less the similarity, the greater the deficiency of the old
routines to meet the new requirements. A greater degree of deficiency of routines increases the additional

manufacturing requirement that the change creates, and therefore, results in less adaptability.

H1A: The greater the deficiency of existing routines needed to achieve a changed objective, the

less effectively a production line will adapt to the change,

The logic underlying H1A assumes that managers will either not recognize the routine
deficiencies or will not be able to address deficiencies that they do recognize. If, instead, managers tend to
recognize and address inadequacies when they change manufacturing objectives, then there may be little
or no negative relationship between prior deficiency and adaptability. We believe that firms do tend to
recognize and address many potential problems when they undertake changes. Nonetheless, we propose
HIA as a relatively simple baseline prediction that is consistent with the current conceptual tendency to
view organizational routines as presenting strong constraints on managerial action. Support for H1A
would be consistent with the current conventional wisdom in organization theory, while rejection would
reflect greater support for arguments that credit managers with substantial adaptive incentives and ability.

The second prediction concerning manufacturing requirements needs fewer assumptions of
limited managerial rationality. The old and the new objectives can differ not only in the nature of their
routines, but also in the magriitude of the requirements. While the nature of the change affects how
similar the new routines will be to the old ones, the magnitude of the change will tend to determine how
easily and quickly the routines reach a state of efficient execution. The efficiency with which a production
line executes new routines affects the performance of a line, and hence, adaptability. A lower level of

change facilitates adaptability by providing lower hurdles to efficient execution of routines. [n contrast, a



greater magnitude of change will increase the extent of additional requirement, and will make adaptation

more difficult (Barnett and Carroll, 1985). Accordingly, we propose the following hypothesis.

H1B: The greater the magnitude of a changed requirement, the less effectively a production line

will adapt to the change.
1.2 Manufacturing Capabilities

The concept of mz;nufacturing capabilities provides the second general component of our
approach. We view manufacturing capabilities as the production-line level equivalents of competencies.
This argument follows the discussion of resources in the strategy literature (Penrose, 1959; Wernerfelt,
1984; Barney, 1986; Prahalad and Hamel, 1990), as well as in the manufacturing strétegy literature
(Hayes and Pisano, 1994). When a manufacturing mission changes over time, the problem of production
line adaptation parallels the problem of developing firm-specific dynamic capabilities (Teece, Pisano, and
Shuen, 1997). The capability of a production line comprises the skills and knowledge embedded in the
systems, technologies and structures of a line, plus the tacit knowledge embedded in the human skills of
individual employees (Polanyi, 1962: 49) and groups of employeés (Winter, 1987; Kogut and Zander,
1992). This definition is consistent with Cohen and Levinthal’s (1990) argument that absorptive capacity
is a characteristic of the recipient of new knowledge. Thus, capability is a function of the current state of
the line, rather than of the new manufacturing objective. The current state of the line, in turn, depends on
its prior states, due to the path-dependent nature of absorptive capacity. Because adaptability depends on
the extent of matching between capabilities and requirements, greater capability facilitates better

matching by widening the scope of the ability to match requirements.

Hypothesis 2: The greater the manufacturing capabilities of a line, the more effectively the line

will adapt to a changed objective.

We operationalize manufacturing capabilities in terms of five elements, including the number of
production line routines, the number of routines that individual employees have experience with, the
extent to which a line has mastered its old routines, availability of slack resources, and horizontal
information processing ability of employees. We propose a testable hypothesis concerning each of the
elements.

The availability of a greater number of existing routines provides a broader array of elements for
recombination purposes. Mowery, et al. (1996) use this argumént in proposing that a larger scale of
operation provides greater absorptive capacity, since larger firms will tend to undértakc a greater span of
activities. A solution to the changed objective at a production line, for example, might involve
establishing new patterns of information and material flows among existing subroutines that the line

performs within and across production lines. Production lines that learn, practice, and remember a greater



variety of production and planning routines within their regular scope of operation have more
combinations of routines with which they can create new flows. Therefore, it is possible that lines with
more routines will tend to be better able to adapt to a changed objective. We will state the hypothesis to
reflect the value of routine recombination, taking the view that greater experience of any kind will help
adaptation to future changes. An alternative outcome is possible, however, if the presence of more diffuse
past experience instead confuses attempts to adapt to future changes, especially if much of the past
experience is not relevant for the new objectives. If such confusion arises, then the need to use greater
routines in the past might actually contribute to less adaptability, rather than greater. The empirical

analysis will help address these conflicting possibilities.

H2A: The more routines that a production line uses for its existing objective, the more effectively

the line will adapt to a changed objective.

In addition to the influence of organizational routines, the scope of recall of the individual
employees who work at the line will influence the creation of new routines at a line. The ability of
individual employees to create new routines may determine how well the line as a whole responds to the
new objective. In turn, the ability of an individual to create new routines will depend on the variety of his
or her endowment of routines. For example, Boynton, et al. (1994) examined an organization’s absorptive
capacity for information technology through the conjunction of its two component managerial skills,
information technology-related knowledge, and business-related knowledge. Thus, H2A and H2B
differentiate between the organizationally-embedded experience of a production line (H2A) and the

personally-embedded experience of individual employees (H2B).

H2B: The greater the repertoire of routines that individual employees have experience with, the

more effectively a line will adapt to a changed objective.

The degree to which members of an organization understand how to combine old routines in
order to create new routines will also influence the success of adaptation. As Nelson and Winter (1982:
31) state, adaptive efforts take place most effectively if the organization has the old routines ‘fully under
control.” Developing an effective new combination is easier when the employees can use the elements of
the combination, the old routines, without difficulty or ambiguity. A production line with its current

routines under control will adapt better to a new objective than a line that does not have adequate control.

H2C: The greater a production line’s mastery of its old routines, the more effectively the line will
adapt to a changed objective.

In the context of organizational information processing, Galbraith (1977) views organizational

performance as the extent to which an organization’s information processing requirements match its



information processing abilities. We draw a parallel between the matching in the context of information
processing and in our context of manufacturing mission. Consequently, we can expect that two
mechanisms that Galbraith prescribed for facilitating the matching will help production lines adapt as
well. The first mechanism is resource-slack. Research on new product development and on organizational
innovation generally supports slack resources as a facilitator of change (Nonaka, 1989, 1991; Damanpour,
1991). If there are slack resources at a production line before change, then the line can use the slack to

absorb the uncertainties and the increased manufacturing requirements of the new objective.

H2D: The greater a production line’s slack resources, the more effectively the line will adapt to a

changed objective.

Although slack provides the ability to respond to uncertainties by absorbing them, an alternative
response may be to actually meet the additional manufacturing requirements of the uncertainties. Thus,
Galbraith’s second mechanism is increased information processing ability, which may come through
direct investment in information systems or through organizational mechanisms. Most specific to our
case, an information processing perspective suggests that one way'a production line can adapt more easily
to a changed objective is through having horizontal modes of decision-making (Galbraith, 1977).
Horizontal modes of information-processing and decision-making help an organization or sub-unit of an
organization adapt to a changed objective by avoiding information overload of the decision hierarchy.
The organization will be more resilient if decisions that need greater information processing can be made

at lower hierarchical levels.

H2E: The greater the horizontal information processing ability of employees at a production line,
the more effectively the line will adapt to a changed objective.

In summary, we argue that manufacturing routines and absorptive capacity will influence the
effectiveness of production line adaptation to new manufacturing objectives. Figure | summarizes the
conceptual model. Our argument suggests that production lines develop routine-specific absorptive
capacity and capabilities as a result of their prior activities. In addition, the overall set of resources that
the firm possesses may provide additional general capabilities. When faced with a change in objectives, -
the routine-specific and general capabilities will influence the effectiveness of édaptation. In addition, the
manufacturing requirements of the changed objectives will influence the effectiveness of adaptation,
where requirements may be either absolute requirements or relative requirements taken in the context of
the lines' existing capabilities.

¥ Je e de o e ek ke Fig“re 1 ahout here khkkkhkhkkk
We develop two sets of hypotheses, concerning manufacturing requirements and capabilities.

First, lines will adapt most effectively to new manufacturing objectives that require routines that are



similar to old routines (relative requirements) and have a lower magnitude of change (absolute
requirements). Second, lines will adapt more effectively if their prior experience provides greater routine-
specific capabilities (many prior routines, extensive individual employee experience with different
routines, mastery of old rouftines) and greater general capabilities (slack resources, horizontal decision
making ability). We now describe the empirical context of the study.

2. EMPIRICAL METHODS

Testing our hypotheses entails observing manufacturing requirements and manufacturing
capabilities at the production line level. This paper studies sixteen production lines within a well-known
focused factory of the Copeland Corporation at Hartselle, Alabama, that underwent substantial changes in
manufacturing objectives. ' Although the emphasis on a single factory limits the generalizability of the
results, we chose this approach because of the need for detailed data collection in order to identify our
measures. Moreover, measuring our variables across production lines of more than one factory would
introduce unobserved heterogeneity in the characteristics of manufacturing requirements and capabilities,
which, in turn, would reduce the reliability of the results. We believe that our single factory approach is
appropriate on both empirical and conceptual grounds.

Mukherjee, Mitchell, and Talbot (1999) found general relationships between absorptive capacity
and production line performance following a changed mission at this focused factory. In this paper, we
seek additional empirical evidence examining adaptability of production lines from the factory. We held
meetings with the corporate and plant management and found that the factory is an appropriate empirical
site for the current study. First, the factory and its production lines changed their mission and objectives,
respectively. Second, primary data are available to examine production line performance and changed
objectives. Third, the presence of sixteen production lines with available data provides an opportunity to
identify comparative differences in the capability of the lines to adapt to change. Finally, initial
discussions with plant management also suggest that lines experience different degrees of difficulty in
adapting to changing objectives. We provide a brief description of the evolution of the manufacturing
mission at the site below. Mukherjee, et al. (1999) contains a more detailed description.

2.1 Evolution of Manufacturing Mission at Copeland Hartselle

Copeland established its 256,000 square feet flagship focused factory at Hartselle, Alabama in
1979 at a cost of $30 million. The company designed the factory to manufacture one million units a year
of a refrigerant compressor. The focused factory served the market with a few compressor models
assembled from multiple combinations of a few parts produced in large batch sizes with the minimum of

factory complexity. The facility included two areas, machining and assembly. Machining is where metal

| Qur primary sources for information on the Copeland Hartselle facility include Copeland Corporation intemal reports, docuiments, and archives, plus interviews with several

Copeland managers between 1991 and 1994, In addition, we collected information from several public sources including HBS Case # 9-686-088 and HBS Film # 9-887-527,



removal processes such as milling, turning, drilling, and grinding occur. There are eight machining lines,
which we designate as ML1 (Machining Line 1) through ML8. The assembly lines are where workers put
together machined and purchased parts to form a complete compressor. The assembly operations
comprise several fastening, fitting, welding, and brazing processes. There are a total of eight assembly
lines, which we designate as AL1 (Assembly Line 1) through AL8. We were able to obtain monthly
productivity data for each line over a four year period. Therefore, we have productivity information for 16
lines, which we analyze over 48 monthly time periods.

The original focused manufacturing mission of Hartselle was to achieve the lowest cost position
in their industry, with at least equal quality to their competitors, through high-volume production of a
restricted mix of componenis and end products. The original manufacturing objective of the machine shop
was to excel in high volume, high precision machining of a narrow mix of components. The initial
manufacturing objective of the assembly shop was to build variety through multiple combinations of the
relatively few basic components. In order to achieve the flexibility, Copeland designed the assembly lines
with less restricted set-up time and many more manual operations compared to the machine shop lines.

With the focused factory approach, Copeland achieved tremendous success with customers and
transformed itself from an industry follower into the undisputed industry leader. The focused factory
became a showpiece and a marketing tool for the company. However, market pressure for broader
product lines and customized modifications coupled with Copeland's aggressive marketing strategy
gradually caused Copeland to defocus Hartselle’s product line. After the defocusing, the manufacturing
mission of the facility continued to call for achieving low cost and high quality, but now with a wider
component and product range, which needed greater range and volume fluctuation in component
machining and end-product assembly. Mukherjee, Mitchell, and Talbot (1999) identify the impact of a
changing plant mission on production line performance at this site. They show that the productivity and
quality performance of production lines of the factory declined for lines that lacked absorptive capacity
relevant to new objectives. Specifically, the study found statistically significant detrimental relationships
between volume heterogeneity of parts produced at a line and the direct labor productivity of the line.
This result implies that part volume heterogeneity was a key aggregate determinant of manufacturing
requirements. We use the volume heterogeneity result from the prior study in defining our operational
variables and developing our model, which we discuss next.
2.2 Operational Variables

This section operationalizes the conceptual variables that we used to state the hypotheses in

sections 1.1 and 1.2. Table 1a summarizes the variables.
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We first operationalize the dependent variable. The conceptual dependent variable for the study is
a production line’s adaptability to a changed objective. We operationalize the dependent variable as the
degree to which the statistical association between part volume heterogeneity and labor productivity
changes over time, where a greater positive association indicates greater adaptability. Our rationale for

- this choice is that a more effective adaptation to a change implies that the production lines learn to
execute the new routines of the changed objective more efficiently over time. Labor productivity of a line
reflects the efficiency of execution of routines by employees at the line. Consistent with Upton’s (1995)
usage of non-deterioration of performance in the face of change as a measure of manufacturing flexibility,
we define adaptability to a change as non-deterioration in labor productivity with respect to the change.
We concentrate on productivity of direct labor so as not to confound our results by the implications of the
changes for indirect production support functions such as set up changes and material handling.

We now operationalize the independent variables within the setting of the empirical site.
Operational variables for the hypotheses H1A and H1B measure aspects of the change in manufacturing
objectives. For testing H1A, we measure the deficiency of the old routines for the new objective through
the degree of difficulty of processing batches of heterogeneous volumes on lines designed for processing
batches of homogeneous volumes. For testing HIB, we measure the magnitude of the volume
heterogeneity through the mean value of volume heterogeneity over the time-period of change. 2

The operational variables for H2 consist of characteristics of the lines and the people who work
on the lines. For testing H2A, an operational element at the site that represents carrying out of a variety of
routines at a line is the difference in routings of the parts manufactured at the line. The greater difference
in routing that the parts follow, the greater the variety in routines that will be available for recombination.
For testing H2B, an operational element at the site that can increase the variety of routines from which an
individual worker can draw is the extent of job rotation of workers at a line. We expect that the variety of
routines with which an individual employee has experience will increase with the number of jobs through
which the employee rotates. For testing H2C, a way to examine if the employees have mastered existing
routines is to assess the training levels of the workers on a line, with the expectation that greater adequacy
of training reflects greater mastery of routines.

For testing H2D, we use two metrics of resource slack that are observable at the production line
level at the site, capacity cushion and equipment set-up time. Capacity cushion indicates the unused
capacity at a line relative to the used capacity. In addition, less time lost in set-up changes indicates more
available slack.® Finally, for testing hypothesis H2E, we use the workef—to-supervisor ratio as a measure

of horizontal information processing. Greater worker-to-supervisor ratios indicate greater horizontal

2 We considered using the degree of temporal fluctuation of the change as a measure of change magnitude, but found that it correlated highly with the mean HINDEX variable.

3 We considered using sct up case as a third measure of slack, but found that it correlated highly with capacity cushion.



information processing ability, consistent with arguments concerning span of control and hierarchy
(Keren and Levhari, 1979).

This section converts the hypotheses from conceptual to operational form. Although the
operational variables are specific to the Hartselle site, the conceptual variables are general and consistent
with guidelines for case-based research (George, 1979). Moreover, the site-specific operational variables
that we have chosen will be common to many different sites. In the next section, we describe the model
and the methodology we use to test the hypotheses.

2.3. Model and Estimation

We use a two-step process to test our hypotheses. First, we measure the adaptability of the

different lines to volume heterogeneity. For this purpose, at each line we propose the following general

model for direct labor productivity.
(la)  LaborProductivity, = BO + B1LogT + B2 Het, + B3 Het, x LogT + ¢,  (for the t,,time period)

where B0 is the intercept, B1, B2, and B3 are multiple time-series regression coefficients, and e is the
residual term. We explain the independent variables below.

LogT : The base-10 logarithm of time, where T represents time. We expect that in éddition to the

focal variables of interest, unobserved variables that influence the learning that takes place at a

line over time will influence absorptive capacity and hence performance. Consistent with the
logarithmic nature of the learning curve, we represent the time variable in logarithmic form.

Het,. The heterogeneity of volumes of products processed at a line at time t, as we discussed in
Section 4.2. ; '

Het, x LogT : The dynamic adaptability of a line to a changed objective. Our rationale is that the
independent variables assist a line adapt to a change, and that this assistance develops over time.
Hence, we use LogT as an interaction variable to determine the extent of this time-dependent
assistance to adaptability.

The focal variable of our interest is the B3 coefficient of the interaction term Het, x LogT. We
include the LogT and Het, variables in the equation in order to separate the interaction effect from the

main effects of the two variables.

We estimate equation (1) for each of the sixteen production lines. Since we are testing with time-
series data, we tested for auto-correlation during each estimate using the Durbin-Watson d-statistic and
residual plots, finding substantial auto-correlation. Therefore, we re-estimated the equation using a time-
series transformation of the data based on first differences of the Labor Productivity dependent variable.

First differencing reduces the sample size to 47 periods and eliminates the intercept term from equation

(1a), resulting in equation (1b).

(1b) A LaborProductivity,..; = B1ALogT ., + B2 AHet,.; + B3 A(Het X LogT) .1, + €,— e,



Consistent with many time-series analyses, first differencing removes most auto-correlation in
our testing. The resulting sixteen B3 adaptability coefficients are the values of the dependent variables for
the adaptability analysis. Because of scaling difficulties arising out of the lines manufacturing different
products using different nominal unit labor hours, we use the standardized regression coefficients for
better comparability across pfoduction lines.

We then examine the pattern of the adaptability coefficients in each shop and try to explain their
differences in terms of the independent variables for manufacturing requirements and capabilities. We
estimate pair-wise cross-sectional correlation between B3 as the dependent variable and all the
independent variables. To obtain the correlation estimates, we estimate Spearman’s rho, which treats the
variables as non-parametric rank order measures. Owing to the small number of cases, the nonparametric
Spearman approach is likely to introduce less bias than alternative parametric and partially-parametric
correlation measures such as Pearson correlation estimates that treat B3 as either a continuous or rank
order variable®.

The correlation approach to the hypothesis testing has the restriction of examining each influence
on adaptability singly. To some extent, the individual variable approach allows us to infer how the plant
makes trade-offs when faced with conflicting influences. With a larger sample, we would prefer to
determine the additive and joint effects of different influences on adaptability. As we noted earlier,
though, the current small sample study is appropriate for the detailed degree of information that we need
for the study. Therefore, we will base our primary interpretation of the analysis on the individual results,
attempting to tease out the separable influences and likely trade-offs.

In addition to examining the unitary influence of each variable, the correlation results also help us
select sub-groups of the independent variables that we can use in multiple regression estimates with
adaptability as the dependent variable. Because we are limited to sixteen units, we are limited to
regressing at most three independent variables at time. Consequently, we cannot use the regressions for
extensive multivariate hypothesis testing, but we use the multiple regressions as exploratory analysis to
examine which of the correlation results tend to hold when we include several influences.

2.4 Measurements and Data Sources

In addition to listing the variables, Table la summarizes measures and data sources that we use
for the variables. The data for the dependent variable come in the form of primary production data on
1,300 parts and fifteen cost centers of the factory recorded on a monthly basis over a 48-month period.
Measuring the dependent variable, which is the association of labor productivity with volume

heterogeneity, entails measuring productivity and heterogeneity and then calculating their association.

Kl
For sensitivity analyses, we also calculate correlation coefficients using Pearson estimates, finding similar results,



For each line, we measure the direct labor productivity as the ratio of the monthly aggregate
volume in the numerator, and the monthly direct labor hours worked in the denominator. We use primary
unit production data for all part numbers, and then aggregate them for each production line. To measure
the second element of the dependent variable, volume heterogeneity, we consider parts with the same part
number as homogeneous and parts with different part numbers as heterogeneous. At each production line,
we aggregate the production volumes of each homogeneous part. We then employ the Hirschman Index
(HINDEX) as a measure of volume heterogeneity. For # variables xj, ......, x,, the HINDEX = £x//(Zx,)?,
forall i = 1,...., n (see Tirole, 1989: 221-222). For a given number of parts on a production line, a higher
HINDEX indicates a greater heterogeneity of volume.

With respect to the independent variables, the independent variable for testing H1B characterizes
volume heterogeneity. We measure the variable using the average value of the Hirschman Index, which
we described above. Data on the volume heterogeneity independent variable come in the form of primary
production data on 1,300 parts that the factory produced, which the company recorded on a monthly basis
over a 48-month period.

We collected data on the other independent variables, including the remaining manufacturing
requirement variable and all capability variables, through a survey that we administered within the plant.
We administered the survey when we gained access to the plant in early 1993, about a year and a half
after the end of the 48-month period for which the data is relevant. Because the unit of analysis is the
production line, we selected the supervisor of each line as the respondent to the survey about that line. We
asked the supervisors to assess several dimensions concerning the state of their lines at the beginning of
the change period. The appendix describes the constructs and scales we used in the survey instrument. We
followed the supervisory survey with unstructured interviews with some of the respondents in order to
clarify questions they had about the survey questionnaire. Subsequently, we conducted unstructured
interviews with managers, supervisors, and manufacturing support staff to learn more about the
implications of the empirical results.

Table 1b and Table 1c report the summary statistics for each independent variable and the
correlation coefficients between the independent variables. The reported correlations show that there are
substantial statistical relationships among some of the covariates, but that there is at least moderate
independent variation among them. Given the variation, it is useful to examine the relationships between
adaptability and each of the covariates.

*%kkxkxkxk* Table 1b and Table 1c about here *#*** %% x%k%



3. RESULTS

We present the results in two phases. We first measure adaptability by calculating the B3
coefficient in equation (1b) for each line. We then assess the influence of the independent variables on
B3.
3.1. Measuring Adaptability Over Time

The first step is to determine the adaptability of the production lines to a change in manufacturing
objective. Table 2 lists the results of estimating equation (1b). For each estimation of equation (1b), the
table shows the regression coefficients and their significance, plus an overall model summary including

the Durbin-Watson d-statistic and multiple-R values.

khkkkkkhkkk Table 2 about here Kddkkkdkkokkk

We first consider the basic time trends of productivity. The results in Table 2 show that in both
shops, most B1 coefficients associated with the time variable are negative. Most B1 coefficients in the
assembly shops are statistically significant. In the machine shop, though, few B1 coefficients even
approach significance at the 90% level. We will address these differences across the assembly and
machining lines in the discussion section of the paper. The overall negative signs and the distribution of
significance of the coefficients indicate that costs tended to rise over time, particularly in the assembly
shop, as the plant became increasingly unfocused. Based on our discussion with managers, we believe
that the plant was becoming increasingly unfocused on several dimensions during the period of the study

and was struggling to respond effectively to the change in its manufacturing mission.

We next consider the main effects of heterogeneity. Table 2 shows that in both shops, the B2
coefficients associated with i;eterogeneity of part volumes are mostly negative. Again, the results are
more likely to be significant in assembly than in machining. The results indicate that productivity tended
to decline with greater heterogeneity of volume, especially in assembly. This trend is consistent with the
results that Mukherjee, Mitchell, and Talbot (1999) report. The result is also consistent with our argument
here that volume heterogeneity is a change in requirements that tends to reduce production line
performance.

Finally, we consider the measure of adaptability. Table 2 shows that in both shops, the B3
coefficients associated with the interaction of time and heterogeneity are mostly positive, often at
statistically significant levels in the assembly shop. The generally positive sign of B3 indicates that, over
time, many lines became increasingly better able to deal with volume heterogeneity. Nonetheless, there is
substantial line-by-line variation in the extent of the adaptability. Our task now is to determine how the

independent variables that we predicted will affect adaptability tend to associate with differences among
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the B3 coefficients, that is, with differences in the degree to which different lines were able to adapt over

time.
3.2 Results of Hypothesis Tests

We now discuss the detailed testing of the individual hypotheses. Table 3 reports the estimates we
derive by correlating the adaptability measure (B3 from the regression model) with the independent
variables that measure elements of manufacturing requirements and capabilities. We report the results
separately for the assembly and machining shops, because of the differences that were apparent in Table
2, as well as for the factory as a whole.” For each pair of variables, we list the non-parametric Spearman

correlation coefficient as we discussed earlier.’
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Table 3 reports mixed results for hypothesis 1, which predicted that greater manufacturing
requirements will lower adaptability of production lines to the new objective. The results reject H1A, but
* provide moderate support for H1B. Hypothesis H1A predicts that greater deficiency of old routines for a
changed objective would reduce adaptability. The results reject the hypothesis strongly and significantly
for the assembly lines. The machining line results also take the unexpected positive sign, but at non-
significant levels. Factory-wide, the results take the unexpected direction and are moderately significant.
One possible explanation for this unexpected result is that people and organizations adapt better under
greater challenges, especially if they recognize the challenges and have resources available to address

them. We discuss further the counter-intuitive result for H1A later in the paper.

Hypothesis H1B predicts that lower magnitude of change assists adaptability. The coefficients
take the expected sign in assembly, machining, and across the factory, with the correlation being
significant in the assembly shop. Overall, the results of testing H1B support the notion that greater
magnitude of change at least somewhat interferes with adaptability. The results of HIB corroborate the

general assumption that the greater the change, the greater the difficulty in adaptation (Barnett and
Carroll, 1995).

Table 3 provides mixed support for Hypothesis 2, which predicted that greater manufacturing
capabilities assist adaptability to a changed manufacturing objective. The results vary substantially among

the operational variables.

H2A, which predicts that the availability of more old routines available at a line assists

adaptability, receives moderate support. The results take the expected direction in both assembly and

5 To respect the confidentiality agrecments, we report the summary correlation relationships, rather than the linc-by-line values of the independent variables against B3.

6 We report significance at the 90% and 85% levels of confidence, basing these choices on the sample size (Leamer, 1978).
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machining. The results are moderately significant at the machining lines and across the factory. This

result is consistent with Nelson and Winter’s (1982) argument that routine variety promotes adaptability.

H2B, which predicts that adaptability will tend to increase with the extent of the repertoire of
routines that individuals have experience with, reveals dual influences. The hypothesis is strongly
supported among the machining lines but strongly rejected among the assembly lines. We will discuss the
counter-intuitive result for assembly in the next section. The equally strong opposing results in the two
shops prohibit any factory-wide inference.

The results support H2C, which predicts that greater mastery of old routines by employees of a
line assists adaptability. The support is strong in assembly, moderate in machining, and strong across the
factory overall. The results suggest that greater mastery of old routines often assists adaptation to new
requirements. This result is consistent with Nelson and Winter’s (1982) argument that routine familiarity
promotes adaptability. The somewhat greater strength of this result, when compared to the routine variety
influence in H2A, suggests that mastery of routines may be more critical than simply the number of

routines available for potential recombination.

H2D, which predicts that greater available slack will assist adaptability, receives mixed support.
We tested the hypothesis with two measures of slack: capacity cushion and set up time. The capacity
cushion results significantly. support the prediction at the machining shop but significantly reject the
prediction in the assembly shop, where lower cushion rather than greater capacity cushion seems to assist
adaptability. The set up time results are non-significant, individually in both shops, as well as overall,
indicating little effect of set up time on adaptability. Overall, our testing of hypothesis H2D produces a
mix of expected and unexpected results concerning the role of slack resource vis-a-vis adaptability. We
will discuss the counter-intuitive results in the next section.

H2E, which predicts that greater horizontal information processing ability assists adaptability,
receives moderate support. We tested the prediction with worker-to-supervisor ratio as the information
processing measure. The results are significant in assembly. Although the coefficient for this hypothesis
in the machine shop is non-significant, the factory-wide results are statistically significant. In general, this
result is consistent with organizational design arguments concerning the contributions of horizontal
decision-making to adaptability (Galbraith 1977).

4. DISCUSSION

The results provide support for several hypotheses while rejecting others. Overall, six out of eight
tests provide at least partial support for the hypotheses. Adaptability often declines with requirements
created by greater magnitude of change, especially in assembly. Adaptability often increases with

capabilities that derive from routine variety (especially machining), routine experience in machining,



routine mastery, slack capacity in machining, and horizontal information processing in assembly. Several
notable rejections are also apparent. Among the manufacturing requirement influences, adaptability often
increases with greater routine deficiency. Among the manufacturing‘capability influences, routine
experience and slack capacity lead to reduced adaptability in assembly. We believe that both the support
and rejections provide useful insights.

We noted the some of the direct implications of each result in the previous section, when we
presented the results for each hypothesis. In this section, we consider some of the more interwoven
implications. We first discuss implications of the bivariate correlation results. We next present

exploratory multivariate analyses. We then outline general managerial implications.

4.1 Bivariate Implications

We find an important distinction between the assembly and machining line results. Overall,
assembly line adaptability has stronger association with the independent variables than does machining
line adaptability. The assembly results are significant for six of eight hypotheses, with three of them
taking the expected sign and three taking the unexpected direction. In machining, meanwhile, four of
eight hypotheses are significant, with two of the four achieving significance only at the 85% level. Unlike
the assembly results, though, all four significant machining hypotheses take the expected sign. In general,
then, the assembly lines were both more strongly affected and more likely to face conflicting influences
than machining lines. Recall, too, that the productivity trends in Table 2 tend to be stronger in assembly
than in machining. A key question, then, is why the adaptability of the assembly lines was so much more
variable than the adaptability of the machining lines.

A key difference between the assembly and machining shops is that while the focus of the
machining operations is on automation, that of the assembly operations is on manual skills. It is likely that
the lower level of automation in assembly provides greater opportunities for learning and action by
individuals, because people often have greater adaptive potential than machines. This is consistent with
Upton’s (1995, 1997) findings that the key to flexibility is the human factor, in that workers with more
experience and greater skills are willing and able to ‘stretch the envelope’ to explore new possibilities. At
our site, the differential emphasis of the two shops on individual skills and automated skills likely
underlies many of the differences in the adaptability results, as we discuss below.

Implications concerning the differential relative importance of individual and automated skills
arise from both the manufacturing requirement and capability influences. Among the manufacturing
requirement influences in Table 3, the relationship between routine deficiency and adaptability (H1A) is
interesting in terms of both its being positive, that is, counterintuitive, and in its being significant in

assembly, but non-significant in machining. That the relationship is counterintuitive suggests that lines



where managers recognize the difficulties of handling variable batch sizes adapt better. Thus, this routine
deficiency result highlights how cognitive approaches may characterize production-line decision-making.
An important factor in carrying out routines is the ability to know which routines to perform when. For an
individual, this entails the ability to receive and interpret a stream of incoming external messages. For a
production line, this amounts to the first line of management performing the activities of processing
external information such as demand and delivery requirements, and then translating it into a form such as
a work center production schedule that line workers will understand and act upon. Thus, the line
managers are actors at the interface between the line and entities such as other sub-units of the factory,
other parts of the firm, and the external environment. To the line managers, the activities of receiving and
processing information, and then formulating and sending messages are the performance of routines.
When external events such as heterogeneous batch sizes challenge these routines, one response is to -
remain firmly committed to the existing way of doing things, which are based on homogenous batch
sizes. Not recognizing the difficulties with variable batch sizes can be a manifestation of such response. A
greater resistance at the interface will likely make the line less responsive to adapting to the change, since
the messages sent from the interface will not favor adaptation. Messages sent from the interface can be
critical in creating specific managerial emphasis, which Upton (1997) finds to be associated with outcome
in the context of flexibility. An example at the site is that of small batches being treated as ‘a nuisance.’

Next, the finding that the routine deficiency relationship is positive and significant at assembly,
while still positive but not significant at machining, suggests a greater effect of this variable on assembly
lines. We have already argued that adaptability may require that managers recognize the potential
difficulties which will arise from handling batches of variable sizes at particular lines and devote
substantial attention to addressing the problems. The results suggest that greatest success in this regard
came for the lines at which individually-based skills are the most important, that is, in assembly rather
than machining. The likely reason is that people often possess greater potential for adaptation than
machines, so long as they recognize the need to adapt, have appropriate resources, and undertake efforts
to change. More automated situations, by contrast, involve greater rigidity and offer fewer potential
individual options for effective responses, leading to greater managerial resistance. Thus, we would
expect to see lesser adaptability over time in machining, consistent with the trends in Table 2. At a
general level, therefore, the difference in automation of assembly and machining may lead to cognitive
differences in how managers view the need and potential for adaptation.

The manufacturing capability results in Table 3 also provide striking implications concerning the
difference between personal adaptation and automation adaptation. The variables that derive most
strongly from attributes of people have the strongest influence on the assembly lines. Notice, particularly,

the somewhat greater impact of training (H2C) and the substantially greater impact of worker horizontal



information processing (H2E). By contrast, the variables that derive more from attributes of the line, such
as routine variety (H2A) and slack (H2D) associate more with adaptability of the machining lines. The
straightforward implication of this comparison is that personal experience has greatest influence on
adaptation when the adaptation involves activities that rely on manual skill, while line experience has
greatest adaptation influence for activities involving automated skill,

At the same time, though, greater reliance on human skill may also produce counter-productive
influences on some attempts to adapt. Note, in particular, the negative relationship between individual
routine experience gained through job rotation for assembly adaptation, while, by contrast, rotation has a
positive relationship with machining line adaptation (H2B). A possible explanation for these divergent
results is that machining provides a more stable, defined environment owing to automation, so that
rotation may provide cumulative development of skills that individuals can apply to new machining
activities, especially if the new machining-line activities build cumulatively on the prior activities. By
contrast, rotation among less-automated assembly activities may lead to a more fragmented set of skills
that have less cumulative value, particularly since the lower degree of assembly automation means that
adaptation may involve more discrete changes than in machining. Table ¢ illustrates additional
implications concerning this point, reporting a positive correlation between training (routine mastery) and
rotation (individual routine experience) in machining (r= 0.74), but a negative correlation between
training and rotation in assembly (r=-0.50). Again, the more automated machining environment may
allow rotation among related activities to support training activities. By contrast, in the more idiosyncratic
assembly environment, rotation among differentiated activities may actually conflict with training
activities. Overall, then, the greater idiosyncrasy and fragmentation of assembly activities that rely on
individual skill may reduce the cumulative value of rotation experience when workers attempt to adapt to
changed activities.

The rotation results for the assembly lines conflict with the current conventional wisdom that
multi-tasking will promote flexibility. Despite the conventional wisdom, though, Upton (1997) finds a
negative impact of multi-tasking on product range flexibility. Our assembly line results are consistent
with Upton’s results. Upton explains his results behaviorally. In parallel, we suggest that within the
technical and cognitive limits of how many skills a person can master, the difficulty of remembering an
overly-extensive set of skills will make ready adaptation more difficult. Such problems will be
particularly pronounced in situations that involve greater individual skills, such as the assembly lines,
rather than cases that tend to involve programmed machine-tending, such as in the highly automated
machining lines.

The negative results for capacity cushion slack (H2D.1) among the assembly lines might also

arise from problems based in the emphasis on individual skills in assembly. Individuals working at
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assembly lines with greater available capacity slack may have tended to develop a degree of laxness in
production and found it difficult to adapt when faced with new objectives. By contrast, individuals
working on assembly lines that had little slack may have developed a discipline that helped them adapt.
Conversely, in machining, where the predicted positive relationship between slack and adaptability
emerged, the more highly automated machining lines may have required the presence of substantial slack
in order to revise automated procedures. Consistent with the argument that underlay H2D, machining
lines with little slack may simply have been too constrained to both achieve ongoing production and make
necessary changes to the mode of production. The implication here is that human-based skills can often
change more quickly than machine-based skills, but need the presence of disciplined humans to undertake
effective changes.
4.2 Multivariate analysis

We used the bi-variate correlation approach that Table 3 reports due to the relatively small
number of production lines available for the study. However, in addition to the bivariate tests, we
undertake exploratory analysis with a limited set of multivariate regression analyses. Table 4 reports these
multivariate analyses, based on the factory-wide pooled sample of sixteen production lines. We excluded
slack and rotation as independent variables from the factory-wide regressions because of their significant
6pposing influences in the assembly and machining shops.
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Table 4 first compares the influences within the sets of manufacturing requirement and capability
variables. Row 1 reports a model with the two manufacturing requirement variables, showing that routine
deficiency continues to retain its significant influence, while change magnitude remains negative but with
a non-significant coefficient. Row 2 then reports a model with the three capability variables that had
consistent factory-wide individual influences, showing that routine variety, routine mastery, and
information processing all retain their positive influence on adaptability, with routine mastery having a
significant effect. Note in Table lc that the three factory-wide capability variables are only moderately
correlated with each other (r=.36 to .44). Among the capability influences, then, routine mastery, which
we measured in terms of worker training, appears to have the strongest influence on adaptability. Note,
too, that the manufacturing capability variables provided substantially greater adjusted R-square than the
manufacturing requirement variables (.266 versus .075), suggesting greater overall influences of
manufacturing capabilities.

Table 4 next combines the manufacturing requirement and capability influences. Row 3 combines
the routine deficiency variable, which was significant in row 1, with the three capability variables. None
of the four variables in model 3 is significant and the adjusted R-square drops substantially from model 2

to model 3, however, due to the small sample size. Therefore, we refined the analysis further.
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[ntriguing inferences arise when we refine the analysis, as we show in row 4 of Table 4. Model 4
drops the capability variable that had the weakest influence (routine variety) in model 3. Model 4 reports
that the routine mastery variable returns to statistical significance and information processing takes a
near-significant coefficient. Routine deficiency, meanwhile, not only fails to return to significance in
model 4, but now takes the negative sign that H1 A predicted. The change in the routine deficiency sign is
partly a statistical phenomenon, because there is a substantial factory-wide correlation between routine
deficiency and routine mastery (r=.71 in Table lc). Nonetheless, the results in row 4 are intriguing,
because they suggest that the apparent counter-intuitive effect of routine deficiency might arise because
the lines at which workers have the greatest training also are those that supervisors expected to have the
most difficult adapting to the new batch size demands. In turn, this relationships suggests that the plants’
recognition of where the potential difficulties would be greatest led them to undertake additional training
for workers at those lines. The training then led to greater ability to adapt. As we noted earlier, the
adaptation was most successful in the assembly lines, where training provided the greatest potential for
individual adaptation.

Finally, model 5 of Table 4 drops the routine deficiency variable and assesses the impact of
routine mastery and information processing. Routine mastery continues to be significant, while
information processing remains near statistical significance. This set of two capabilities variables
provides the best overall fit, based on the adjusted R-square. Overall, Table 4 suggests that substantial
influences on adaptation arise from capabilities variables that involve line level employees, particularly
training and, to a lesser extent, horizontal decision making abilities.

4.3 Managerial implications

What, then, are the managerial implications of this study? That is, how might managers of a
focused factory most successfully guide a change in the activities of the factory? The summary results
that we present in Table 5 suggest several inferences. Table 5 differentiates between activities that
emphasize individual activities (assembly) and activities that emphasize automation activities
(machining). The table then lists the influences that tended to associate with greater adaptability in each
case. The table also notes the reasons that appear to underlie the source of each association.

Kk kdkkkkkk Table 5 about here kkkkkhkkkk

Table 5 depicts striking similarities and differences between the two types of cases, depending on
whether activities emphasized individual or automated activities. Successful adaptation for activities that
emphasized individual activities required an activity of manageable individual scope, plus the presence of
people with a range of personal attributes, including knowledge, responsibility, focus, and discipline.
Thus, it seems that employees draw upon their knowledge of, as well as responsibility for, a specific

activity to create responses to new requirements. We call such adaptation emergent adaptation. With

21



emergent adaptation, all potential ramifications of a change need not be anticipated. Rather, adaptation
occurs as the need arises, through improvisation of often fragmented and idiosyncratic individual skills.
Such improvisation of individual skills is best supported when individuals have focused on those skills,
and have the discretion to carry out some experiments with their idiosyncratic skills. Thus, managers of
activities that primarily involve individual activities should emphasize developing employees with deep
knowledge of their individual skills and establish organizational structures that allow those employees
substantial responsibility and discretion in how they exercise their skills. Such a combination of people
and structure will often permit effective ongoing adaptation to emergent new demands. Therefore, when
skill is individual based, managers can best prepare for adaptation by taking advantage of the inherent
potential of that skill-set for emergent adaptation.

For activities that emphasized automated activities, successful adaptation also required an activity
of manageable scope and knowledgeable people, but differed in the emphasis on where the people drew
their skills and focused their attention. In the automation-oriented activities, success tended to arise when
employees’ skills included extensive knowledge of other activities. The likely cause is that a change in
the mode of activities on an automated line needs a carefully planned and coordinated change in other
activities. Further, the multi-activity, multi-line nature of these changes necessitates that the responses be
planned and coordinated over many activities and production lines. However, in an automated
environment, employees and managers alike may be too constrained by automation to do extensive
improvisation or experiments with processes. Without improvisation, adaptation in the emergent mode
cannot take place. Rather, relatively little must be left to idiosyncratic endeavors in responding to changes
that occur across activities and functions, Simultaneous cross-functional changes necessitate that
responses be created with cross-functional considerations. Thus, cross-functional knowledge underlies
these responses. Without the cross-functional knowledge, the employees will be unable to make effective
choices about how to make substantial system-wide changes. Therefore, while managers of activities that
primarily involve automated skill should also emphasize developing highly trained employees, in addition
to knowledge of their individual skill, the employees need substantial knowledge of activities in other
related activities. Unlike the case in which individual skills are most important, adaptation that attempts to
rely on emergent understanding, rather than planned change, will often fail in an automated environment.
Note in this regard that although changes at one assembly line undoubtedly required changes at other
lines, the reliance on individual skills would allow greater emergent adaptation as the need for changes
became apparent.

Another broad implication for managing change comes from the results related to the capability
variables of part routing, job rotation, and worker-to-supervisor ratio. Greater magnitudes of these

variables represent greater complexity of activities, skills, and responsibilities. In each case, we observe
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that greater complexity significantly correlates with adaptability, usually positively, with the one
exception of the negative effect of rotation in assembly. In general, therefore, greater complexity often
creates the basis for more effective adaptation. The implications of these results lie in the contingent
benefits of managing complexity well. Management can make a conscious choice along relevant activities
to design a degree of complex variation. The content of the adaptive variety will vary, though, depending
on the nature of the activity. For example, a system-based complexity dimension such as greater part
routing variety may be more effective in the automation-based machining lines, whereas an individual-
based complexity dimension such as greater job responsibility may be more effective in the individual
skill-based assembly lines. In general, therefore, some degree of complexity, contingent on the skill-type
of a line, seems to be aid adaptability.

The exception to this rule is the result that adaptation at assembly becomes less effective with
more rotation. There may be two reasons for this exception. First, as Table 1b shows, the degree of
rotation in assembly (mean = 2.43) is much more than that in machining (mean = 1.00). This raises the
" issue of an appropriate limit beyond which additional complexity may be counterproductive. Second, it is
possible that attempts to emphasize cross-functional activity will be counter-productive in settings that
emphasize individual skills. One possible source of counter-productivity is that cross-functional activity
may lead to a greater cognitive burden in an environment of fragmented and idiosyncratic skills rather
than in structured jobs of the machine shop, and thus, may take time and attention away from focal
activities. In addition, and possibly more importantly in an environment of emergent skills, the knowledge
that employees gain through cross-functional activity may become obsolete once an objective or response
changes. Despite the obsolescence, though, the employees may attempt to adapt based on an out-moded
perception of appropriate changes. Finally, note that the effects of too much complexity and
counterproductive cross-functional activity are mutually reinforcing in reducing adaptability.

The overriding managerial imperative here is to carefully incorporate complexity in the
operations of a production unit, without crossing the limits where complexity turns into chaos.

Whether an activity involves individual or automated skills, managers can gain by keeping the degree of
routine variation under sufficient control that they can operate efficiently and, yet, develop a sufficiently
varied repertoire of capabilities that they will be able to adapt effectively to changes. Managers must be
careful in setting limits of this variation, so as to prevent a complex activity from degenerating into
confusion.

5. CONCLUSIONS

We began the paper by asking what variables might influence the success of production line
adaptability to a change in their manufacturing objectives. At a more general level, this question concerns

the conditions under which organizations can change successfully. The results of the study offer a fairly
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simple but striking set of answers to these questions. Overall, the variables that influence the adaptability
of production lines significantly appear to derive from both organizational and individual competence.
Further, the direction and e;(tent of the influence of a variable appear to depend on the nature of the
operational activity that occurs at a production line.

At an organizational level, one aspect is most important. Change is most effective when firms
have a wide variety of existing routines on which to draw when creating new routines as part of the
change process. This result speaks to the growing interest and recognition of the value of being able to
recombine existing routines in order to create new routines (Eisenhardt and Galunic, 1996).

At an individual level, three aspects stand out, involving people at managerial and operating
levels in the organization. First, our strongest result is that adaptation is most effective when operating
employees have adequate training, consistent with Nelson and Winter’s view (1982:31) that
recombination of existing routines is facilitated if these routines are fully under control. Second,
adaptation is most effective when managers recognize problems that may arise as a result of the change,
consistent with process-oriented explanations of behavior and decision-making (Simon 1986, Tversky
and Kahneman 1988). Third, adaptation is most effective when operating employees have adequate
autonomy to help undertake the adaptation, consistent with Galbraiths’ (1977) argument that horizontal
information processing is an enabler of meeting new requirements.

Together, these elements offer insights concerning successful change. Changes are most likely to
succeed when individuals recognize problems, have requisite individual skills, have adequate autonomy
to experiment and innovate with those skills, and are supported by a variety of organizational routines.
However, while skill mastery appears to be a universal facilitator of adaptability, managerial problem
recognition and employee autonomy seem to be more effective when operations involve more manual,
individually-oriented processes than automated processes. In contrast, organizational routine variety is
more effective when operations are more automated and involve closely-coupled system interactions.
Thus, these elements differ in the degree of their impact on production line adaptability, depending on the
nature of the operational activity of the line.

The organizational and individual variables vary in the extent of their influence on adaptability,
but not in the direction of their influence across operation-types. In contrast, we find several cases in
which the direction of the influence on adaptability depends on the nature of the operations that the line
carries out. We find that organizational resource-slack and individual multi-tasking experience facilitate
adaptability when the operations involve automated inter-line close coupling, and is thus consistent with
Galbraith (1977) and Boynton, et al., (1994), but may hinder adaptability when the operations emphasize
individually-based skills. Thus, the direction of the influence of variables such as organizational resource

slack and individual routine variety seems to be contingent on the type of operations, particularly on the

24



distinction between closely-coupled and loosely-coupled systems, rather than being universally
applicable. In a real sense, this reinforces decades old ideas from Thompson (1967) and Weick (1976),
who distinguished between the differential adaptive qualities of interwoven and independent systems.

The results also support the notion of contingent benefits of managing complexity (Chandler
1962). In the context of a factory, it adds to our understanding of how complexity of operational activities
may not necessarily lead to }he confusion that Hayes and Clark (1985) observe. More generally, while
several researchers note the strong social and economic inertial barriers to organizational change (e.g.,
Cyert and March, 1962; Nelson and Winter, 1982; Hannan and Freeman, 1989), our results contribute to
the understanding of how firms can sometimes balance their needs for reliability of current activities with
their needs to reshape business capabilities through designing a carefully selected adaptive variety into its
operations, where the content of the adaptive variety is contingent on the operational skills involved.

Two of these results have specific implications for research in Operations Management. First, we
find that rationality of goals more than means may influence shop floor adaptability. This is consistent
with experimental results of Lucas (1986) that the rational choice paradigm may not be applicable in a
non-stationary environment, which a production line undergoing change is. This is also consistent with
Upton’s (1997) findings that ‘managerial emphasis’ is a determinant of flexibility. Under such conditions,
decisions will be guided by managers’ beliefs, expectations and utilities rather than by rational choice.
Understanding such phenomena calls for research instruments that incorporate psychological and
sociological components into economic research tools (Simon 1986). However, there is virtually no
standard, validated research tool of that type in the Operations Management literature.

The second result of relevance here is the strong, positive influence of routine mastery on
adaptability. The implication is that for several elements that the literature identifies as enablers of
flexibility (Sethi and Sethi 1990, Gerwin 1993), the effectiveness of enablers may depend not only their
presence in a production unit, but also on their degree of assimilation. Further, the transition flexibility of
a production unit, called ‘mix-change flexibility’ in the above-cited literature from a product-based
perspective, may be an important determinant of post transition performance, given the path-dependent
nature of adaptability of production lines.

The evolution of adaptation at the Hartselle site after the period of our study has interesting
implications for our results. We base the following comments on our discussions with Hartselle managers
after the period of the study. We note that the discussions took place before we discussed our results with
the company and, indeed, before we knew our statistical results ourselves. The following paragraphs note
several initiatives that the firm undertook in order to implement its new mission. Overall, that process has
been successful. Hartselle is a high performance plant in 1999, having undergone a successful adaptation

process.
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First, the managers note that they became aware of an organizational mindset that opposed
product proliferation within the plant, despite the strategic change in the mission of the plant. In response,
corporate management started a training program in 1992 to create a new mindset among workers and
supervisors to accept future changes. This step is consistent with our findings that factories must
overcome cognitive and behavioral resistance to volume heterogeneity in order to assist adaptability.

Second, several managers noted that new practices concerning temporary employment in the
proliferated environment were counter-productive. They stated that adding and removing a large number
of temporary workers created major problems in a proliferated environment, because proliferation needs a
higher plant-wide skill base that the temporary employment practice obstructed. The problems that the
temporary employment practices create are consistent with our finding that training has the strongest
influence on adaptability, because temporary workers will typically have lower levels of training than
permanent employees.

Third, we found the plant to be taking interesting steps regarding individual experience with
routines, in the light of our findings that such experience helped the adaptability of the inter-dependent
automated machining but hindered the adaptability of the individually-oriented manual assembly. The
plant initiated a training program in the machining shop in 1992-1993 to cross-train workers on selected
key machining jobs across the shop. In contrast, we found at least one assembly line stopped its prior
practice of having three workers rotate between jobs and instead assigned each worker to a workstation.

In conclusion, our study offers several insights regarding the adaptability of factories, and more
generally, businesses, to a change in mission. First, our examination of several literature-based elements
of adaptability suggests a differential role for them in an emergent versus planned mode of adaptation.
The results also suggest that the appropriate mode of adaptation may depend on the underlying type of
operational activity of an organization, in that emergent versus planned adaptation seem to be more
appropriate for changes in loosely-coupled versus closely-coupled operations, respectively. Second, while
implications concerning the differential relative importance of individual and automated activities arise
from both the manufacturing requirement and capability influences, the overall influence of the capability
variables on adaptability turns out to be stronger. Third, cognitive rather than rational approaches tend to
assume a larger role in decision making in non-stationary environments such as production lines
undergoing change, and understanding them calls for appropriate, new research instruments. Finally,
operations focus can play a crucial role in such environments by allowing the complexity necessary to

create adaptive responses while preventing it from degenerating into confusion.

26



References
Abrahamson, E. (1991). Managerial Fads And Fashions: The Diffusion And RCJCCHOI) Of Innovations. Academy of
Management Review, 16, 586-612.
Barnett, William P., and Carroll, Glenn R. (1995). Modeling Internal Organizational Change. In John Hagan and
Karen S. Cook (eds.), Annual Review of Sociology, 21, 217-236. Palo Alto, CA: Annual Reviews Inc.
Barney, J. B., (1986). Strategic Factor Markets: Expectations, Luck, and Business Strategy, Management Science,
32, 1231-1241.
Boynton, A., Zmud, R., and Jacobs, G., (1994). The Influence of IT Management Practice on IT Use in Large
Organizations, MIS Quarterly, September-October, 299-318.
Chandler, A., (1962). Strategy and Structure: Chapters in the History of Industrial Enterprise, The MIT Press,
Cambridge, MA.
Cohen, Wesley M., and Daniel A. Levinthal, (1990). Absorptive Capacity: A New Perspective on Learning and
Innovation, Administrative Science Quarterly, 35, 128-152.
Damanpour, F. (1988). Innovation Type, Radicalness, And the Adoption Process. Communication Research, 15,
545-567.
Damanpour, F. (1991). Organizational Innovation: A Meta-Analysis of Effects of Determinants and Moderators.
Academy Of Management Journal, 34,5, 55-590.
Dosi, Giovanni, Luigi Marengo, and Giorgo Fagiolo. (1996). Leaming in Evolutionary Environments. University of
Rome working paper.
Durbin, J., and G. S. Watson, 1951, Testing for Serial Correlation in Least Squares Regression, Biometrika, 38, 159-
177.
Galunic, D. Charles, and Kathleen M. Eisenhardt. 1996. The evolution of intra-corporate domains: Divisional
charter losses in high-technology multidivisional corporations. Organization Science, 7,255-282.
Fiol, C. M. (1996). Squeezing Harder Doesn’t Always Work: Continuing The Search For Consistency In Innovation
Research, Academy Of Management Review, 21, 1012-1021
Galbraith, J. R., (1977). Organizational Design, Addison Wesley, Reading, MA.
Gambardella, A., (1992). Competitive Advantages from In-house Scientific Search: The US Pharmaceutical
Industry in the 1980°s, Research Policy, 21, 391-407.
George, A. L., (1979). Case Studies and Theory Development: The Method of Structured Focused Comparison, In
P. Gordon-Lauren (ed.), Diplomacy: New Approaches in History, Theory, and Politics, The Free Press,
New York.
Gerwin, D., (1993). Manufacturing Flexibility: A Strategic Perspective Management Science, 39, 395-410.
Hannan, Michael T. and John Freeman, (1984). Structural Inertia and Organizational Change. American
Sociological Review, 49, 149-164.
Hayes Robert H., and Kim B. Clark, (1985). Explaining Observed Productivity Differentials Between Plants:
Implications for Operations Research, Interfaces, 15, November-December, 3-14.
Hayes, R. H, and G. P. Pisano, G., (1994). Beyond world-class: The new manufacturing strategy, Harvard Business
Review, 72, January-February, 77-84.
Hayes, Robert H., and Steven C. Wheelwright, (1984), Restoring Our Competitive Edge: Competing through
Manufacturing, Wiley, New York.
Hill, T. J., (1989). Manufacturing Strategy Text and Cases, 1 edition, Irwin, Homewood, Illinois (Also see 2™
edition, 1994).
Hoel, P. G, (1971). Introduction to Mathematical Statistics, 4" Edition, Wiley, New York.
Keren, M., and Levhari, D., (1979). The Optimum Span of Control in a Pure Hierarchy, Management Science, vol.
25, no. 11, pp.1162-1172.

Kogut, B., And Zander, U., (1992). Knowledge of The Firm, Combinative Capabilities and the Replication of
Technology, Organization Science, 3, 383-397.

Lippman, S. A., And Rumelt, R. P., (1982). Uncertain Imitability: An Analysis Of [nter-firm Differences in
Efficiency Under Competition, Bell Journal Of Economics, 13, 418-438

27



Leamer, E. E. (1978), Specification Searches, New York: Wiley.
Lucas, R. E. (1986). Adaptive Behavior and Economic Theory, Journal of Business, 59, 401-426.

Mowery, D., Oxley, J., and Silverman, B., (1996). Strategic Alliances and Inter-firm Knowledge Transfer, Strategic
Management Journal, 17, 77-91.

Mukherjee, A., Mitchell, W., and Talbot, B., (1999). The Impact of New Manufacturing Requirements on
Production Line Productivity and Quality at a Focused Factory. University of Michigan Business School
working paper (forthcoming Journal of Operations Management, ~ June 2000).

Nelson, Richard R., and Sidney Winter, (1982). 4n Evolutionary Theory of Economic Change, Harvard University
Press, Cambridge, MA.

Nonaka, 1, (1989). Redundant, Overlapping Organization: A Japanese Approach to Managing the Innovation
Process, Working Paper no. OBIR-42, University of California, Berkeley.

Nonaka, L., (1991). The Knowledge-Creating Company, Harvard Business Review, 69, November-December, 96-
104,

Penrose, E. (1959). The Theory of the Growth of the Firm, Wiley, New York.

Polanyi, M., (1962). Personal Knowledge: Towards a Post-Critical Philosophy, Chicago University Press, Chicago,
IL.

Poole, M. S., And Van De Ven, A. H., (1989). Towards A General Theory of Innovation Progress, In Research on
The Management Of Innovation: The Minnesota Studies, 632-662, New York, Harper & Row.

Prahalad, C. K., and Gary Hamel, (1990). The Core Competence of the Corporation Harvard Business Review, 68,
May-June, 79-91.

Sethi, A. K., and Sethi, S. P., (1990). Flexibility in Manufacturing: A Survey, International Journal of Flexible
Manufacturing Systems, vol. 2, pp. 289-328.

Simon, Herbert A., 1986, Rationality in Psychology and Economics, Journal of Business, vol. 59, no. 4, part 2,
S209-5224.

Skinner, Wickham, 1974, The Focused Factory, Harvard Business Review, 52, May-June, 113-121,

Szulanski, G. (1996). Exploring Internal Stickiness: Impediments to The Transfer of Best Practice Within the Firm,
Strategic Management Journal, 17, 27-43.

Teece, D., and Pisano, G., (1994). The Dynamic Capabilities of Firms: An Introduction, Industrial and Corporate
Change, 3, 537-556.

Teece, D., Pisano, G., and Shuen, A., (1997) Dynamic Capabilities and Strategic Management, Strategic
Management Journal, vol. 18, no. 7, Aug, pp.509-533.

Thompson, James, (1967). Organizations In Action. McGraw-Hill, New York.
Tirole, Jean, 1989. The Theory of Industrial Organization. The MIT Press; Cambridge, MA.
Upton, David M., (1995). What really makes factories flexible? Harvard Business Review, 73, July, 74-79.

Upton, David M., (1997). Process range in manufacturing: An empirical study of flexibility, Management Science,
43, 1079-1092.

Weick, Karl E., (1976). Educational Organizations as Loosely Coupled Systems, Administrative Science Quarterly,
21, 1-19.
Wernerfelt, Birger, (1984). A Resource-Based View of the Firm, Strategic Management Journal, 5, 171-180.

Winter, S. G. (1987). Knowledge And Competence As Strategic Assets, In D. Teece (ed.), The Competitive
Challenge: Strategies For Industrial Innovation And Renewal, 159-184, Ballinger, Cambridge, MA.

Winter, Sidney G. (1990). Survival, Selection, And Inheritance In Evolutionary Theories Of Organization. In
Jitendra V. Singh (ed.), Organizational Evolution;: New Directions: 269-296, Newbury Park, CA: Sage.

Zander, U., And Kogut, B. (1995). Knowledge and The Speed Of Transfer And Imitation of Organizational
Capabilities: An Empirical Test. Organization Science, 6,76-91.

28



6¢C

uoneldepy

A

S2UIINOL
Mau
Auvssaoau
2]V2.40

o1 419y

[opoA Temydaouo)) 1 aInSiyg

sayqovdoo J[qe[reAe SUIOOINO
Allll L
Jv42u25) S90INOSAY OUBULIOLIS J
sanpigodpo
otfioads
oo saunnol
_ oy Ayoedeo Bunmoeynuew
oandrosqe (< UOTJBLIRA
oryroads-sunnoy ~pajiwr |

Spuwi241nbaa ma.ﬁ&m%ﬁ
Spuwwiaaimmbaa &EQELA

S9A1193[qo suy
uononpoid 29 UOISSI
SuLmjoejnueBW MIN

<Fwrr o

saAnafqo aury

uononpold 29 uorssur
SuLmmornuew pasnoo,]




113

(Surssasozd uonewiiojul [23U0ZIIOK) SuI| UCINPOId
siosiazadns auyj uononpoid jo Kaang + QeI [eOUIWINY [ENOY :,01eY J0S[AISdNg-19Y10M, | 18 $99401dws 30 Auptqe Sussosoid voneuwogul [eIU0ZUOY “T7H
tpuow J3d simoy ui pajenoges
s10stasadns sutj uoyonpoud jo Aoaing + ‘40 198 104 paninbay owiy oY 33210V, SSI] L I[qEIIEAY ol 28RI0AY, (Yoe1s dn 13g) s9550} dn-195 Joye d)qe[IRAR WL 7" ATH
uolysny 2318 = § ‘uoIysny) ST =
s1ostatadns aui] uononpoud jo Aaaing + (2areuuonsonb woy pesiaai ofess) o[eds waNry Jurod ¢ ,uowysny Aoeden, (1or]s Aoeden) uolysno Asede) '1°qzH
Sul] uononpoid J8 $391n0531 Yor[S ‘AZH
ornbapy AJy3iY = ¢ ‘a1enbapeu] A1y31Y = 1 :(omeuuonsanb (A13152W0
siosiatadns suij uononpoid Jo £sAing + Woxy pIsioAdl 3[eds) a[eas UK uiod ¢ ‘siaxjiom Jo WJuiuresy jo Acenbapy, . SunNoY) S3UNNOI plo St JO AIvISeW S, 5Ul] uononpold *OZH
(asustiodxa SUNNOJ [ENPIAIPUL) tAr 20USLIadXD
siosiazadns aulf wonanpoxd jo Aarmg + 1E10J SIN20M YDIYA YBnoy) SGof JO IAqUINN :,UOTIBIOY-qOf JO JuaIXa, 34wy 53940jdwa [BNPIAIPUI JeI Saunnos Jo a3iouaday "g7H
WY [V = § “20uU2Id[Iq ON = [ (A1911eA sunnol Sur) $2AN93[Q0 unsixa
s1ostazadns auyf uononposd jo Aaaing + *21e9s LI Juted ¢ ‘oul| & Je , Souandpq Sunnoy wed, SU1 J0J sas0 T} uondNpoad € Jey SN0 J0 antopaday “VZH
£q yum
204nos mpq | wonv)a.Li0o 24nsvapy )} v fo sauiyqodoo Suramonfnuow ayy 3unouap s31qo1iv i
paroadxy )
9A103(qo pagusyo e 0] 3depe [j1m Suip a1 A12An10939 210w o1 “SuUL| B JO santjiqedes SuLimoeynuew sy o718 Y] 'z s1saiodAy
Ajiausd01919y wInoA L4 se awreg - (X3ANIH tesw) Arsus3oaislay awn|oa wed Jo aneA ued (spnituew s8ueyD) Juswonnbas paSueys e jo opmuTepy ‘g4
UMWIQ AIIA = § YNOYJIP [[B 18 10N = [ :3[€dS (AKousioyap sunnoy) aansalqo pasueys
s10s1A19dns suif uonanpoxd 3o Aoaing - wayiTImod ¢ tsurp awres sy uo sayazeq jjews pur a3re Burssasosd ur Aoy ® 10 AL1ED 0} PIP3SU $3UMN0I FUNSIXG JO Aousousd “VIH
£g ynum 2a1133/qo paSuby>
04nos DIpF | UOD}2II00 sinsvagy | fo ssuawaiinbal Supamonfuvu [ouonippp a2y} 3urjousp sayqu1iv,
paioadxy
23ueyd
ay1 01 3depe 1M suy] uononpoud e A12An03135 53] 213 *2A1193[q0 paSurys v Jo siuswannbas Sunmioeinuew jeuonippe s 1912913 Y] ‘[ sisapodAy
sa[qeliea Juapuadapuj
"0661-9861 ‘s1aquinu yred og] o
311 JO Y9€3 103 0w Aq SAUNOA UORONPOL CanZE,V ,muEEg 3red o xapuy UBWYOSHY = 15H (23uBys Juswannbas “a1) AsuaSossroy sumjoa wed
122K Aq SPIEPUEIS 310M PUT “0661-9861
13120 1505 Kq S3N0Y JOqE] 1911p AJYIUOL [EmIoY 3onpoid jun 33d sinoy Joge] 0 = AAnonpoIgioge] aur e 3o Aranonpoad Joqej 19211
g =13 4 Y19 (1807 x 19 VINSHY Zd + "1 180 ="1"411A19npOosg1
"MO[3q 3qLIOSOP IMm Sk ‘elep (3o H)V €8 + HV zd LioIvig HITpOIdI0GET ¥ Anauadosalay swnjoa wred pue sul|
.S3WN|oA 1red 3o Xapuj WewWydSIE,, pue Jonpoid X391 3Y1 Ul 2qLI959p am se ‘Qifiqeidepe 1358218 sojedipul £ jo Kjianonpoud Joqe] 199J1p UsomIsq UoneIaosse re1odwapioiug
nun.1ad simoy 1oqe 10an(,, Arewpd ‘0661-9861 €4 aansod 1o8re| e fuorssasdar sydnnw | uonenbs ut 121513905 £ :3]qELIBA wspuadag | ot se pauryap ‘0Ano3(qo sun uonanpozd padueys e 01 Aipiqeidepy
224n0g vIOT a4nspapy a1gn1ap 4
dfqertea juapuadaq

§32.1N0G ¥IE( PUE JUIWIINSBITA] ‘SI[qEBLIBA "B] Qe



Ie

Surssasoxd

80°01 SLEL SE £ 43 9L LE'TI 0z £ L1 9521 €151 SE £ 43 oney UOTIBULIOJUI [BJUOZIIOH
Oreds I

£1°1 £0°E S 4 £ S A S S 4 £ 96" 95T £ r4 1 urod-¢ Yoeys Ayoede)

$6°ZT £€9C 08 £€1 L9°8L yArA| 6291 o€ €€ 1.98C 89b°S LTL 91 v 9Tl sinoy doels dn 108
o[BS WA

601 95'¢ S z £ 4% 484 S 4 € 9sL £ 4 Z 4 jutod-¢ Kiajsews sunnoy

sqof

z61'1 L1 £ 0 £ S61°1 00’1 € 0 £ 809" £V'T £ Sl S1 JoJoquinN | 20u313dxa 3unNoI [enpIAlpuf
31eds U]

$68 [ £ 1 Z LoL: STl £ 1 z SEO'T SL1 £ 1 z wod-¢ Aa1rea sunnol aurg
XIANIH Jo

LYT 96T eL 0 69’ £01T ¥Zov" gL zr 19° SSt 6zl 8y’ $0° b ONeA UBSIN spnuSew a3ty
9IS LAI']

901 L8T S I ¥ byL LET £ 1 [4 1901 LEE S ¢4 £ utod-¢ Aduatoyap sunnoy

as UBIN XA ULA s3uey as UBSA XeIN A 23uey as Ued XeA W o3uey 2INSBIN JqeLIBA
(91 = N) Ipim-£1030ey4 (8 = N) Bunurgoepy (8 = N) Alqurassy

s9[qelte A Juspuadapuy aof sopspe)s Arewmng *qJ d[qe L



[43

I Fuissasoid uoneULIOjUT [BIUOZIIOH | 8
pro |1 yoers Aioeded | L
LLE-[TI0- (1 soe[s dnjagio
19¢" |9¢T |80¢E" |1 Aiisewr aunnoy | §
PCO-|STE {L9S 1919 T 2ouaL1adXd SUNN0I [eNpPIAIPU] | ¢
vrb |90L" {60 - | Ebb” [29E |1 KyslieA aunnoa auly | €
S9v -1 18¥- | 88T~ {C09- |0€S™~ {0CI-|1 spmiuSew a3ueyD |z
€0y {ev0-|PSO” 1LOL” 681" |€L0° |0TS-|1 Kouaio1yap sunnoy | |
(91=N) apim-£10108y
1 Surssaso.d uoBULIOIUI [RIUOZIIOH | 8
Svo |1 yoe[s Auoede) | £
L69-10¥S -1 yoeys dn1ag |9
01T |SSO° {vIg |1 A1z)sewt sunnoy | ¢
080" |C61" [€ch” jebL” |1 aousrradxa sumInol [enplAIpy] | ¢
€Iy’ TSy |ep1-1€9L° 919" |1 AJSLIBA 2UIINOL UL | €
CLS - |vee’- |8€0° |6V~ 1891 - |801-|1 spmytuSewr agrey) |z
90¢" | £6€~1890-|9LS" [000° [6EE” |66T-|1 Aouarolyap aumnoy | |
(8=N) sauj] SMUIYIB
I Surssasoid UOIRULIOJUT [BJUOZLIOH | 8
999" |1 yoeys Aoeded | £
8ec- 161 -1 yoeps dnjes|o
9CS" |8p0-1€9L- |1 K1ajsewr sunnoy | s
969-|801-|CIYy" {¥0S™- |1 asuat1adxa sunnol {enplalpy] |
1€p” 19GL° 1ESP™-[000°  |10T- |1 AJaLIBA UTINOI SUIT | €
OSS™-|LLT-|LLO-|ILT - ISLY.  |LEE |1 spmjrusew a8uey) |z
STV 109€-|16C9°-|E1L €SS~ [€6T-{8LT-]1 Aousioyyap sunnoy | [
(8=N) sauif A|quiassy
8 L 9 S 14 £ Z [

sajqelae A juapuadapu] uaaMIaQq SHUSIDIJI0)) HOIIB[ILI0)) ISIM-T1BJ UOSIEd] O] d[qe ]



Table 2. Standardized Time-Series Regression Coefficients of Equation 1

Larger positive B3 coefficients indicate greater adaptability, that is, less detrimental

impact of volume heterogeneity on productivity over time, while more negative B3
coefficients indicate lesser adaptability.
(Based on first-differences of LaborProductivity; N=47; t-statistics in parentheses;

coefficients significant at 90% or higher are in bold.)

ljurbin- Multiple R B1 (t-values): B2 (t-values): B3 (t-value):
Watson ‘d’ * LogT Heterogeneity LogT x Heterogeneity.

Machining lines
ML1 2.35 20 -.140 (.722) -.624 (1.253) .554 (1.124)
ML2 2.01 .08 -.019 (.116) .080 (.146) .001 (.002)
ML3 222 .26 -.108 (.707) -.369 (.473) 592 (\757)
ML4 231 32 -.066 (.447) -.237 (1.433) -.107 (.645)
MLS 1.87 22 -.958 (.740) -.360 (.460) 1.077 (.709)
ML6 2351 217 -1.376 (1.134) -.818 (1.173) 1.281 (1.062)
ML7 2.04 .50 =213 (.312) -923(1.192) .786 (.856)
ML3B 2.04 24 677 (1.105) -.640 (.868) .668 (1.115)
Assembly lines
ALl 2.29 .25 .144 (.502) .343 (.967) -.119 (:365)
AL2 232 21 =159 (.500) .199 (.369) -.109 (.168)
AL3 2.53 32 -.284 (1.771) -.842 (1.765) .806 (1.661)
Al4 2.16 33 -.385 (2.012) -1.095 (1.935) 1.058 (1.813)
ALS 243 28 -.287 (1.616) -.998 (1.575) 970 (1.501)
AL6 1.88 40 -.434 (2.561) -1.373 (2.203) 1.356 (2.203)
AL7 2.15 37 -376 (2.184) -1.304 (2.124) 1.263 (2.018)
ALS 2.11 A5 -1.100 (.943) -754 (.967) 770 (.942)

* The acceptable range of d-statistic for this data set is between 1.63 and 2.37 (Durbin & Watson, 1951). Only three

of sixteen cases fall slightly outside this range, suggesting little evidence of auto-correlation.
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Table 3. Spearman Non-Parametric Correlation Coefficients between B3 and Independent

Variables

Positive coefficients indicate greater adaptability. Coefficients in bold (**) are significant at the 90% level.
Coefficients in italics (*) are significant at the 85% level. These significance levels are relevant for the size of the

sample.
Assembly | Machining | Factory Hypothesis results: Implications for
Hypothesis (expected sign) lines Lines Wide adaptability to changed objective (We
(N=8) (N=8) (N=16) address the unexpected results in the
discussion section)
H1 Manufacturing
Requirement
Variables
HIA () Routine deficiency 784 ** 143 484 * | Rejected. Deficiency of old routines for
(Batch size difference new objectiuve assists assembly
difficulty) adaptability.
HIB (-) Change magnitude =781 ** -119 -339 | Moderate support: Greater magnitude of
(Mean HINDEX) change often resists adaptability.
H2 Manufacturing
Capability Variables
H2A (+) Line routine variety 169 S77* 438 * Moderate support: More available old
(Routing difference) routines somewhat assists adaptability.
H2B (+) Individual routine - 767 ** 805 ** 184 Mixed support & rejection: Greater
experience (Job variety of routines among employees
rotation) has mixed effects on adaptability.
H2C (+) Routine mastery 849 ** 587 * 622 ** | Support: Greater mastery of old routines
(Training) often assists adaptability.
H2D.1 Capacity slack - 782 ** .626 ** -.055 Mixed support & rejection: Slack from
*) (Capacity cushion) capacity cushion has mixed effects on
adaptability.
H2D.2 | Set up slack (Available -.289 073 034 Rejected: Slack from time gained in set
) time) up has little effect on adaptability.
H2E (+) | Horizontal information 723 .060 575 ** | Moderate support: Greater horizontal
processing (Worker- information processing somewhat assists
supervisor ratio) adaptability.
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Appendix: Survey Questionnaire
(Administered in 1993; relevant hypothesis noted in parentheses)

Instructions.

a. All questions pertain to the period 1986-1991, that is, to the years after CR4 introduction but

before CRG introduction.

b. Please indicate the best answer for each question.

Question Hypothesis Response options
Scale:
1. Sometimes parts are made in large as well __1 = Very Easy
as small batches. How easy or difficult is it to HIA 2 . Somewhat Ea§y
produce large and small batches together? 3 = Neither easy nor difficult
4 =Somewhat difficult
5 =Very difficult
Scale:
2. You have different part numbers being 1__ Not at all different
. 1 . 2 = Minimally different
made on this line. Do different part numbers H2A _ .
follow different routing? 3 = Somewhat different
' 4 = Mostly different
5 =All different
3. How many jobs have the workers on your .
line rotated t)},xﬂough? y H2B Actual number of jobs
Scale:
1 =Much less needed
4, Has the right amount of training been me 2 = Less needed
provided to the workers on your line? 3 = Just about right
4 = More needed
5 =Much more needed
Scale:

1 = Much more than enough
5a. Do you have enough capacity on your line HOD.1 2 = More than enough
to meet the demand? ' 3 = Just about right

4 = Less than enough

5 = Much less than enough

5b. How long does it take to change set up? H2D.2 :Actual time requlred
in hours and minutes

6. How many employees are under the OF Actual number of

supervision of one supervisor? employees
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