Comparative Factory Productivity
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Note from the Editor: This article
summarizes some of the major
findings of a research project fund-
ed in major part by the Research
and Evaluation Division, Economic
Development Administration, {.S.
Department of Commerce, and in
minor part by the Control Data Cor-
poration. Research focused on U.8S.
companies.

hy do some factories outper-

form other factories? What is it
about what the better performing
factories do that results in greater
productivity gains for them? Is their
productivity gain tied to people moti-
vation? Investment in new equip-
ment? The adoption of MRP ||
(manufacturing resource planning)
systems? Improvement in quality
management? Focused factories?
Just-In-Time manufacturing? Every-
body, it seems, has an anecdote to
support his own personal view of
what contributes to productivity. The
research summarized here was an
effort to tie hard facts and numbers
to the stories. Significantly, it was
themes like quick throughput, low in-
ventories, and high quality —all inti-
mately related to Just-In-Time
manufacturing—that shone through
the results.

The Data

Two databases were developed
expressly for this research. One was
a mail survey of eight pages, creat-
ed to gather 220 items of data.
There were 265 plants in diverse in-
dustries nationwide that responded.
These were mainly large plants,
many belonging to sizeable parent
corporations.

The second database was de-
rived from intensive visits to 26
plants, 14 of which could be classi-

fied as computer plants and 12 of
which could be classified as vehicles
plants (fabrication and assembly of
auto/truck/farm vehicles, or their
components). Detailed information
on the productivity performance of
these plants during the last five
years was collected as well as time
series information on a variety of
plant characteristics.

This type of data collection was
selected to promote an objective
and generalizable set of results. Re-
gression analysis was the statistical
tool used to analyze the data. Fortu-
nately, the results from both data
sets are quite consistent with one
another, and thus | am increasingly
confident that these results have
general application.

Productivity, unfortunately, has
many different definitions. This fact
complicates any study of it. Howev-
er, as this study focused primarily
on changes in productivity and not
absolute levels of productivity, the
exact definition of productivity is not
as important as its consistent mea-
surement over time.

The plants responding to the
mail survey answered several ques-
tions about their productivity mea-
sures. The first, and probably the
“hardest” single quantitative mea-
sure, asked for the rate of change of
the plant's measured labor produc-
tivity. A follow-up question asked for
the rate of change of any more gen-
eral productivity measure, if any was
used. Three other questions asked
each plant for more qualitative mea-
sures: 1) self-ranking within its par-
ent company, 2) self-ranking within
its industry, and 3) identifying
whether productivity had quickened
or slowed over time.

The 26 plants that were visited
provided their own measures of pro-
ductivity and productivity gain. They

also supplied information sufficient
to calculate a total factory productiv-
ity index, which, although of debata-
ble significance for line managers, at
least corrects for some bias inherent
in labor productivity measures and,
thus, is of interest for a study such
as this one.

The study’s explanatory varia-
bles are numerous. With such detail
from both the mail survey and the
plant visit data, there was the oppor-
tunity to examine a host of possible
forces acting on productivity. Fortu-
nately, the diverse variables relating
to process, product, management
policy, investments, and the like,
can be aggregated into categories
that make considerable sense, such
as quality, workforce policies, equip-
ment investment, and the like.

Mail Survey Results

Tables in Figs. 1 and 2 summa-
rize the results from both databases.
Let’'s examine the first table, which
summarizes the results from the
mail survey. Across the top are the
five measures of plant productivity
that were investigated. It groups the
particular variables found to be sta-
tistically significant into themes that
correspond to various concepts
about productivity advance. “Plus”
signs indicate that the set of varia-
bles taken together “explain” an in-
crease in productivity, while “minus”
signs indicate that they are associat-
ed with a decrease in productivity.
The more “plus” or “minus” signs,
the more statistically significant the
results and/or the more variables
enter those various themes. Ques-
tion marks are placed for those
groups of variables for which there
is conflicting information. N.A.’s are
entered for those groups of varia-
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bles which did not enter the regres-
sion in a statistically significant way
and thus are not likely to have an
effect one way or another on pro-
ductivity.

It is interesting to compare how
the results of the different regres-
sions run. The dependent variables
arrayed in Fig. 1 stretch from hard
number values (labor productivity
change and general productivity
change) to fuzzy perceptions of pro-
ductivity performance (rank-in-
industry and rank-in-company). The
differences in these results are both
intriguing and plausible. Consider
the results for each grouping of in-
dependent variables.

Throughput time and flow-relat-
ed variables consistently show up as
impartant in each of the regres-

The results . . . support the
view that the smoother

the engineering and
manufacturing interface, the
higher the plant’s
productivity.

sions, except for the rank-in-industry
one. There, a move toward job-shop
flexibility is valued. In all of the other
cases, the variables that argue for
lower throughput time and a
smoother production flow {better
layouts, linking process segments)
are the ones that achieve statistical
significance.

Similarly, the harder the depen-
dent variable (measure of productivi-
ty gain), the more that elements of
chaos and confusion in the factory
{such as engineering changes, ex-
pediting, demand fluctuations) affect
productivity adversely. On the other
hand, at the fuzzier end of the spec-
trum, product complexity and the
ability to expedite appear to be val-
ued.

The materials management re-
sults dovetail with these throughput
time and flow-related results. In gen-
eral, they indicate that lower inven-
tories, better vendor performance,
and smoother production planning
yield higher productivity gains. Only

Productivity Measures

(Dependent Variables)

Explanatory Labor General Productivity Rank Rank
Variable Productivity Productivity Gain: Quickened in in
Category Gain Gain or Slowed Compary  Industry
faster throughput ++ + + +

Lower inventories ++ ++ NA + -
Better quality + + ++ NA +++
Less confusion

and chaos + +++ + NA

More worker participation,

better communication ++ ++ ++ ++ 7
Hardware advance NA NA + + ++
Better product design,

materials substitution + + + - -
Factory focus ? + ? + NA

Fig. 1. Results from the mail survey data.

at the fuzzy end of the spectrum,
that which favors complexity and ex-
pediting, are the short-term benefits
of production control apparently of
more value than the longer-term
benefits of production planning, pur-
chasing, and inventory control.

Design, Quality Factors

Improved product designs also
appear to augment productivity in a
consistent fashion. Materials substi-
tutions are clearly an important vari-
able in several regressions. The re-
sults also support the view that the
smoother the engineering and man-
ufacturing interface, the higher the
plant's productivity.

The quality-related results sup-
port the contention that quaiity and
productivity complement one anoth-
er. Attention to quality and its im-
provement appears to lead to pro-
ductivity gain.

A couple of results are particu-
larly intriguing. The quality variable
that enters the labor productivity re-
gression is machine up-time. Given
the direct labor orientation of many
definitions of labor productivity, this
is quite understandable. Having ma-
chines running well consistently will
naturally increase output per worker.
The resulits also suggest that quality
concerns are more of an issue with-
in an industry than within a compa-
ny (the results are strong for rank-in-
industry but not rank-in-company
regressions). This is quite plausible

as well because quality 1s easier to
assess and compare across compa-
nies within the same industry than
across industries within the same
company.

The workforce results, with
some exceptions, are consistent
with one another and with expecta
tions. Worker and supervisor ideas
are valued as are fewer labor
grades, broader job content, more

Investment in new plant and
equipment does not appear to
be that important an influence
on productivity advance, at
least over the short term.

cross-training, and better workforce
morale, effort, and involvement. In-
triguingly, only for the rank-in-
company regression does unionism
attain significance, and that is un-
derstandable given the anti-union
stances of many companies’ man-
agements. Unionism, while impor-
tant to a plant’s perception of its
rank within its company, however,
does not appear to be much related
to other, “harder’ measures of pro-
ductivity performance.

When it comes to hardware ad-
vance, however, the interpretation is
more difficult. Except for a variable
that values hard automation (and
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Productivity Measures
{Dependent Variables)

Expianatory Variable Category

Plants' Own Measures

Total Factor
Productivity Index

Faster throughput
Lower inventories
Better guality

Less confusion
and chacs

Maore worker participation,
better communications

Hardware advance

Better product design,
materials substitution

Factory focus

+ ++
+ +
+ ++
++ +
+ NA
? ?
NA NA
+ NA

Fig. 2. Results from the plant visit data.

that is probably related to process
industry productivity advance), only
the rank-in-industry regression re-
sults support the importance of
hardware advance. investment in
new plant and equipment does not
appear to be that important an influ-
ence on productivity advance, at
least over the short term.

Several results related to the
“focused tactory” notion are also dif-
ficult to interpret, because they con-
flict in their impact on productivity.

Plant Visit Results

A total of six different regres-
sions were run using the data as-
sembled from the plant visits. These
six regressions fall into two major
classes: one class uses the plant’s
own measures of productivity. The
other class uses a total factor pro-
ductivity index' that was constructed
from plant-supplied data. Using each
of these two classes of productivity
measure, three regressions were
run: one that explains the level of
the productivity measure itself; one
that explains the percent changes in
that measure from quarter to quar-
ter; and one that explains a stand-
ardized value of the level of produc-
tivity. This standardized value
carries a mean of zero and a stan-
dard deviation of one and thus per-
mits comparisons across plants.
Statistically, the standardized mea-

sure is the most defensible of the lot
and is thus worthy of special consid-
eration. Fig. 2 presents the results
from these plant visit regressions.

The explanatory variables indi-
cate that the major themes of the

From a variety of angles, the
results consistently underscore
the importance of Just-In-Time
()IT) manufacturing concepts.
The importance of throughput
time reduction, lowering
inventories, raising quality,
and interacting well with
engineering and design all
tend to support the basic
tenets of the JIT movement.

study — throughput time reduction,
improved quality, and low
inventories — are borne out by the
results. In particular, the most de-
fensible regression, that using a
standardized value of the plant's
own measure productivity, indicates
that the lower the throughput time,
the greater the percentage of the
process covered by control charts,
and the higher the inventory turns,
the more productive is the plant.
The other regressions in gener-
al support and embellish this find-
ing. The more productive the facto-

ry, the less confusion, less vendor
expediting, better quality, lower in-
ventory, fewer engineering changes,
and the more concern for layout.
While there are some perplexing re-
sults, namely those involving invest-
ment and in-plant expediting, the
plant visit results do confirm many of
the.findings of the mail survey,

Interpreting the Resuits

From a variety of angles, the
results consistently underscore the
importance of Just-In-Time (JIT)
manufacturing concepts. The impor-
tance of throughput time reduction,
lowering inventories, raising quality,
and interacting well with engineering
and design all tend to support the
basic tenets of the JIT movement.
The study, of course, was not de-
signed to explore just JT issues; it
was more general than that. Therein
may lie its value, because from a
host of possible influences on pro-
ductivity, it was JIT-related policies
that had the most effect on produc-
tivity.

Currently, | am on leave at
IMEDE in Switzerland pursuing, via
a mail survey, the same kind of in-
formation as | collected in the United
States. Naturally, | would relish re-
sults that supported these from the
United States, because that would
be even more evidence to support
the universality of Just-In-Time. |
hope to have the European results
analyzed by the summer of 1987,
upon my return to the United States.

'The total faclor productivity index is essen-
tially an index of the value added by the
plart, divided by the full labor costs for all
employees of the plant, and an estimate of
the "services™ derived from the plant, equip-
ment, and inventories at the facility. As such,
it is a measure that is not biased toward
capital-for-labor substitution.

Author: Roger W. Schmenner is a pro-
fessor of operations management, Indi-
ana University School of Business.
While on leave from indiana, he is a
visiting professor at IMEDE Internation-
al Management Development Institute
in Lausanne, Switzerland. A former fac-
ulty member at Harvard and Duke, he
has completed studies on plant location
and urban economics.
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