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L. Introduction

In the economic analysis of its proposed ergonomics rule, the Occupational Safety and
Health Administration (OSHA) references case studies and academic journal reports
linking productivity gains with workplace changes designed to reduce or eliminate
workplace ergonomic risk factors. (Physical stress on the body is associated with repet-
itive motion, forceful exertion, vibration, and awkward posture. Left uncorrected these
risk factors can result in injury or disorder to muscles, tendons, ligaments, joints, car-
tilage, and spinal discs.) The weight of the evidence evaluated by OSHA and presented
in its “Preliminary Economic Analysis and Initial Regulatory Flexibility Analysis for
the Occupational Safety and Health Administration’s Proposed Ergonomics Program
Standard,” November 1999, leads the Agency to conclude that efforts made to reduce
musculoskeletal disorders (MSD) in the workplace often result in workplace produc-
tivity improvement. This conclusion is important and supports OSHA’s belief that the
cost of workplace reforms made to address and reduce MSDs in the workplace will be
compensated by productivity gains. Productivity improvement is realized by workers
being more efficient and working without the danger of physically breaking down
because of awkward or repetitive motion or violent impacts on the body. We analyze
the relationship between industry MSD and productivity changes during the 1990s and
find support for such an association.

II. Research Approach

To evaluate the empirical evidence concerning the relationship between ergonomic
interventions and productivity, national-level data by industry were compiled.! These
data were used to test hypotheses and investigate associations regarding MSD rates,
changes in MSD rates, the implementation of ergonomic controls, and changes in pro-
ductivity. Data analyses included correlations between variables with tests for statisti-
cal significance, across all industries and within certain subsets of industries. In
addition, specific industry groups were identified based on values of particular vari-
ables to determine whether any unique characteristics would be observed. The approach
and the findings of this research follow from and are presented in the context of the
theoretical expectations and the conventional perceptions about the nature of the rela-
tionships between these variables.
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III. Theory and Expectations

Traditionally, labor productivity has been viewed as a measure of technological and
organizational efficiency: how many person-hours per unit of output. Empirical data on
productivity changes in individual industries reflect changes over time, including tech-
nological change, use of contract labor, contracting out production, and purchase of pre-
assembled components. A recent report (Oliner and Sichel, 2000) identified technology
as the prime mover behind productivity change in the U.S. economy in the late 1990s.

As societal welfare increases, one would expect increasing average employee com-
pensation, increasing average productivity, and lower average MSD rates. These trends
should be mutually reinforcing, as supported by conventional theory and the effects of
technological changes (increasing ratio of capital to labor). Trends in manufacturing are
usually cited as the most visible examples. But broader industry measures offer addi-
tional confirmation. BLS labor productivity data for the nonfarm business sector report
output per hour of all persons increased by 7.3 percent from 1992-1997 and by 16.1
percent from 1987 to 1997. BLS data on MSDs rates for all industries declined from
102.50 to 66.77, a reduction of 35 percent, between 1992 and 1998. We expected a
negative correlation between MSD levels and percent changes in recent years and pro-
ductivity increases.

Current reductions in MSD rates appear to result from many causes that cut across
industry sectors: increased awareness of total costs associated with injuries; ability to
control risks and costs has spurred risk reduction efforts generally; unforeseen/inad-
vertent increases in MSD risks caused by production process changes in the past have
since become apparent and are being addressed; across all types of ongoing production
process changes, increasing attention is being paid to ergonomic considerations as an
integral part of process design.

In manufacturing, as labor is displaced from dangerous jobs, the incidence of
MSD’s should decline. In reality, though, all jobs are not made less dangerous as a
result of process change. Process changes made to improve productivity may simulta-
neously lower MSD rates but not necessarily. Industries with different MSD rate/pro-
ductivity trends in recent years were identified in this study. Some analyses of the
economic characteristic of industries with particular MSD/productivity profiles was
atternpted. The analyses did not probe intrinsic industry process characteristics or profit
incentives/constraints; the evaluation was guided and limited by the availability of rel-
evant national industry data. This restricted the focus to industry-level revenue, employ-
ment, payroll, productivity, and MSD rate levels and changes.

Service industries have emerged as this economy’s employment “driver” account-
ing for the lion’s share of employment growth over the past half century. Importantly
a large number of service sector industries have reported relatively high MSD incident
rates. A research interest was to compare and contrast findings between manufacturing
and non-manufacturing industries in order to identify differences. While high produc-
tivity in manufacturing could be achieved through mechanization and a lowering of
MSD rates, it was not clear that this was an option (process change) available to most
service industries. In services, higher productivity absent the option to mechanize oper-
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ations in some nonmanufacturing services, could be achieved at the expense of work-
ing employees harder, resulting in higher MSD rates.

While new technology generally has enabled many occupational risks to be elim-
inated or reduced, new technology may introduce new risks, some of which may not be
immediately apparent. In recent years there has been growing apprehension over the
potential adverse effects of new technology. One dimension of the threat is manifest in
growing MSD problems among those who spend many hours at computer stations.

1. The Data?

The database assembled for the analyses consisted of the most recent relevant data
available by industry. The database includes all 3- and 4-digit industries from 2000 to
8999 (classified by SIC code) for which the following data elements were available:
« revenues, employment, and payroll for 1992 and 1997 for 438 industries
(source: U.S. Department of Commerce, Bureau of the Census);
» rate of MSDs for 1992 and 1998 for 438 industries (source: U.S. Depart-
ment of Labor, Bureau of Labor Statistics).
» productivity index, output per hour in 1997 (1987=100), available for 319
industries (source: U.S. Department of Labor, Bureau of Labor Statistics);
« average hourly eamings for production/nonsupervisory workers in 1999,
available for 305 industries (source: Bureau of Labor Statistics).
» ergonomic engineering control implementation rates, available for 178 of
179 industry groups studied (source: U.S. Department of Labor, Occupa-
tional Safety and Health Administration);

The BLS rate data on MSDs are all “lost-worktime™ injuries, with or without
restricted work activity. In 1998 nearly 593,000 MSD cases were reported, accounting
for about one-third of all injuries and illnesses involving recuperation away from work.
MSD rates are comparable to other BLS injury/illness rate data. Basically, these rep-
resent numbers of cases per 10,000 full-time equivalent employees.?

Descriptive Statistics

Standard 3-Digit  4-Digit

Mean Deviation Number N=178  N=259

Revenue Change (1992-1997) 34.75 26.88 438 35.07 34.53
Payroll Change (1992-1997) 25.85 2425 438 28.49 24.03
Employment Change (1992-1997) 7.82 20.49 438 9.87 6.40
Hourly Earnings (1999) $13.43 $3.14 305 $1343  $1343
Productivity Index (1987=100) 123.74 38.13 319 128.43 121.02
Engineering Controls (% 1993) 48.91 21.66 178 48.91 NA
1998 MSD Rate 83.62 46.65 438 73.15 90.86

1992-1998 MSD Rate Change -33.52 27.04 438 -31.05 -35.23
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IV. Data Analysis and Findings

Overview. Across all industries for which data were available, no significant correlation
was found between changes in productivity and changes in MSD rates. The lack of a
statistically significant correlation implies that both changes in productivity and changes
in MSD rates can occur for a variety of different reasons and from independent sources
of change. The lack of a correlation also shows that achieving reductions in MSDs does
not reduce the potential for increasing productivity. The data do not reject the hypoth-
esis that production process changes implemented specifically to reduce MSD rates
also tend to increase productivity. Rather, the data indicate that achieving large increases
in productivity do not necessarily require large reductions in MSDs. This finding was
not surprising given the diverse sources of productivity change.

In general, employees in industries with low MSD rates in 1998 received above
average hourly earnings and had greater than average productivity gains; conversely,
employees in industries with high MSD rates had below average hourly earnings and
recorded low productivity gains. (Low hourly earnings were also found in several high-
productivity manufacturing industries.)

For 319 industries (combined 3- and 4-digit industry levels), a statistically signif-
icant negative correlation of —0.119 at the five percent level, was found between the
BLS Productivity Index in 1997 (1987= 100), and an industry’s 1998 MSD rate. For
these industries a positive productivity index change was inversely related to 1998 MSD
rates; a productivity increase was related to a relatively low MSD rate. For manufac-
turing industries (4-digit level) a negative correlation was found between 1997 pro-
ductivity indices and changes in MSD rates over the 1992-1998 period. The larger
the MSD rate reduction the larger the productivity gain recorded in 1997 among low-
productivity industries.

An interesting finding emerged from analyses of 178 industry groups (3-digit
level) for which OSHA had data on ergonomic engineering control implementation
rates. Industries with low MSD levels (1998) and large 1992—1998 rate reductions were
found to have below average engineering control implementation rates. Conversely,
industries with above average rates for implementing engineering controls to address
ergonomic hazards continued to experience relatively high MSD levels. Industries in
this group will require continued resourcefulness and interventions to address less
tractable MSD problems. Across all industry groups the percent of employees in each
industry for whom ergonomic controls have been implemented was significantly cor-
related with the 1998 rate of MSDs for the industry. This implies that the industries
that have taken steps to address ergonomic risks among their workers tend to be those
in which ergonomic risk factors have been and continue to be more prevalent.

Based on the industry-level MSD data analyzed no specific new technology threat
was identified and no correlation was identified that would support the contention that
low productivity was associated with reductions in MSD cases. Analysis of industry
data does not support the hypothesis that MSD rate reductions have contributed in a sys-
tematic way to poor productivity. Significantly, a strong negative correlation between
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larger (negative) MSD rate changes and productivity increases was found in industries
with low productivity growth (—.424 at the one percent level).

Industries with Low MSD Rates 1992 and 1998 — Tables 1 and 2. Across indus-
try groups at the 3-digit SIC level, the lowest MSD rate in 1992 was recorded in
Accounting, Auditing and Bookkeeping (872) with a 8.97 rate. An additional 30 indus-
try groups had rates below 50 (from a low of 15.70 for Commercial Banks (602) to a
rate of 49.08 for Radio, Television and Computer Stores (573)). Among the 31 indus-
tries with rates below 50, 21 were in nonmanufacturing and ten in manufacturing.

By 1998 Accounting, Auditing and Bookkeeping once again led all industry
groups with a low MSD rate of 4.86, followed by Computer and Data Processing Ser-
vices (737) with a rate of 7.87. Among the top 30 industry groups with the lowest MSD
rates, 19 were in nonmanufacturing and 11 in manufacturing.

Among the top 50 low-rate industry groups in 1998 (MSD rate below 43) all but
three had achieved a reduction in their MSD rates over 1992 levels. In 18 cases the
reductions were above 50 percent.

Among manufacturing industries at the more disaggregated 4-digit level, the low-
est recorded MSD rate in 1992 was achieved in Organic Fiber, Noncellulosic (2824)
with a rate of 22.59. The only other manufacturing industry with a rate below 30 was
Yarn Spinning Mills (2281) with 26.12. Overall, 30 manufacturing industries recorded
rates below 70 in 1992; the top 50 industries were under 100.

By 1998 Space Propulsion Units and Parts (3764) occupied first place in manu-
facturing with a low rate of 13.59, followed by Nonwoven Fabrics (2297) at 13.86 and
Organic Fibers Noncellulosic with a 15.95 rate. The top 32 manufacturing industries
had rates below 40. Among the top 50 manufacturing industries in 1998 (rates below
52) each had succeeded in reducing MSD rates below 1992 levels; 30 of 50 had reduc-
tions of 50 percent or more; eight industries had reduced rates by over 70 percent (led
by Nonwoven Fabrics with —87.75)

In 1998, low MSD industries had above average employee hourly earnings; for
3-digit industry groups $14.81 and for 4-digit industries $14.00 compared with the
all-industry average of $13.43, and above average productivity indices; 147.3 for the 3-digit
groups and 142.6 for the 4-digit industries compared with the 123.74 all-industry average.

Industries with Large MSD Rate Reductions 1992—1998 — Table 3. Across all 3-
digit industry groups regardless of their 1998 MSD rate levels, 50 of 178 industries
succeeded in reducing 1998 rates over 1992 rates by 45 percent or more. Reductions
above 70 percent were found in Retail Stores, NEC (599) with —77.13, Mailing, Repro-
duction, Stenographic (733) with —74.49, Women’s and Misses” Outerwear (233) with
—73.61, Cut Stone and Stone Products (328) with —71.05, and Reupholstery and Fur-
niture Repair (764) with —70.28. Among the top 50 industry groups with large MSD
reductions, 30 were in manufacturing and 20 in nonmanufacturing. Within this high
rate reduction group, only five industries had 1998 MSD levels above 100 (Wood Prod-
ucts, Trucking and Courier Services, Leather Tanning and Finishing, Structural Clay
Products, and Wood Building and Mobile Homes).
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Industries achieving the largest reductions in MSD rates presumably are more
likely to have made changes specifically intended to reduce ergonomic risk factors.
Among 3-digit industry groups with the largest reductions in MSDs (top quartile, with
reductions of over 47 percent), greater reductions in MSD rates were significantly cor-
related with larger increases in productivity at the five percent level.

Among 50 manufacturing industries (4-digit level) with the largest rate reductions,
only three industries had 1998 rates above 100 ( Potato Chip and Similar Snacks (2096),
Converted Paper Products (2679), and Men’s and Boy’s Work Clothing (2326)).

Industries with High MSD Rates 1992 and 1998 — Tables 4 and 5. In 1992, among
industries at the 3-digit level, Nursing and Personal Care Facilities (805) recorded the
highest MSD rate at 405.33. No other industry group exceeded 300. Eighteen industry
groups recorded rates between 200-300 with Leather Tanning and Finishing (311) at
297.67 at the high end and Wood Buildings and Mobile Homes (245) with a rate just
over 200, at the low end. Fourteen of the 18 industries were in manufacturing; high
rate nonmanufacturing industry groups included Beer, Wine and Distilled Services
(518), Trucking and Courier Services (421), Groceries and Related Products (514), and
Sanitary Services (495).

In 1998 Nursing and Personal Care Facilities (805) remained at the head of the list
with the highest MSD rate of 245.85, followed by Pottery and Related Products (326)
with a rate of 228.87. These two industry groups were the only ones above 200; 18
industry groups recorded rates between 120 and 200; 14 in manufacturing and four in
nonmanufacturing. Among the nonmanufacturing industries, Beer, Wine and Distilled
Services and Groceries and Related Products remained in the high rate group now
joined by Lumber and Other Building Products (521) and Hospitals (806). Most indus-
try groups registered impressive rate reductions between 1992 and 1998.

In 1992 at the more discrete level of industry detail for manufacturing, three indus-
tries recorded MSD rates between 300 and 400 with the highest rate, 397.24, in Bot-
tled and Canned Soft Drinks (2086); Men’s and Boy’s Work Clothing (2326) recorded
372.15 and Mattresses and Bed Springs (2515) had a rate just above 300. Thirty-two
manufacturing industries had rates between 200-300 led by Meat Packing Plants (2011)
at 291.96 down to Steel Investment Foundries (3324) with a rate of 201.43.

By 1998 only one manufacturing industry, Vitreous Plumbing Fixtures (3261),
had an MSD rate above 300 (a 1998 rate of 372.65, up from 238.63 in 1992). Thirty-
four industries had rates between 135-300 with the highest rate in this range (281.44,
up from 169.33 in 1992) recorded in Pottery Products (3269).

The high MSD industries at both 3- and 4-digit industry levels were found to have
below average productivity rates (121.14 for the 3-digit and 117.87 for 4-digit indus-
tries) compared with the all-industry average of 123.74 and below average employee
hourly earnings ($13.25 for industry groups and $13.11 for manufacturing industries)
compared to the $13.43 average.

Separate data analyses were made for all 438 industries, 3- and 4-digit levels com-
bined, focusing on the highest quartile, those with 1998 MSD rates above 108. Inter-
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estingly 109 high-rate industries were above average in their implementation of
ergonomic engineering controls with an average rate of 55.10 versus the all-industry
average of 48.91. The average wage rate for the high MSD quartile was $13.37, some-
what lower than the $13.43 all-industry average. For the high-rate group, a positive
relationship was found between control implementation and payroll per employee of
.377 at the five percent level.

The 109 industries in the high rate group had an average productivity index of
119.6 compared with the all-industry average of 123.74. The productivity indices for
the high MSD category were positively correlated with industry revenue changes (.353
at the one percent level). Some industries in this category would appear to be in a finan-
cial position to address their MSD problem.

Among 3-digit SICs with 1992 MSD rates in the top quartile (above 154), the per-
cent of employees in the industry working with the benefit of ergonomic controls imple-
mented was significantly correlated with changes in productivity at the five percent
level. This finding seems to support the conclusion that in industries with more severe
MSD risk factors, the implementation of ergonomic controls tends to be associated
with improvements in productivity.

Among the industries in the quartile with the highest 1992 MSD rates, there was
no statistically significant difference in the average change in productivity between
those with the highest MSD rate reductions (1992-1998) and those with the lowest rate
reductions.

MSD Rates in Industries with High Productivity Increases — Table 6. During
1987-1997 the highest recorded productivity gain among industries at the 3-digit level
was achieved in Electronic Components and Accessories (367) with an index of 610.5.
An additional three industry groups had indices above 200 (gains over 100 percent):
Communication Equipment (366) with 221.0, Radio, Television, and Computer Stores
(573) at 215.1, and Ophthalmic Goods (385) with 202.6. The top 30 industry groups had
gains of 33 percent or more (indices equal to or above 133); the top 50 industry groups
recorded gains of 23.5 percent and above.

Within the top 30 productivity gainers (index at 133.0 and above), four industry
groups experienced higher MSD rates in 1998 over 1992 (the highest, Cigarettes (211),
recorded a rate increase of 138.56; the next highest was Ophthalmic Goods with a 22.09
percent increase). Among the four industry groups with rate increases only one, Elec-
tric Distribution (361)), recorded a 1998 rate above 100 (the rate increase was 2.73 and
the 1998 level was 116.33).

Among the top 50 industry groups with large productivity gains (1997 index of
123.5 or above) only one additional industry group, Construction and Related Machin-
ery (353), had an MSD 1992-1998 rate increase (14.38). Within the top 50 productiv-
ity gainers, nine industry groups had 1998 rates above 100 with the highest group,
Nonferrous Foundries (336) at 185.0 (combined with a 131.8 productivity index).

While the average percent change in MSD rates between 1992 and 1998 for all
industries was —33.53 the average rate for the 50 industries in the high productivity
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group was —29.37. The all-industry ergonomic engineering control implementation rate
was 48.91 compared to 52.04 for the high-productivity industry groups. Statistically, a
correlation was found for this group between 1998 MSD rates and engineering controls
implementation rates (.394 at the five percent level). For the high-productivity group,
engineering control implementation rates correlated with labor intensivity* (controls
combined with revenue change minus payroll change was .404 at the one percent level).

In general, the high productivity industry group gainers experienced MSD rate
reductions 1992-1998 (-29.37, somewhat below the all-industry average of -33.53)
and relatively low 1998 MSD rate levels (67.19 compared with the all-industry aver-
age of 83.62). Two contradictory cases, Construction and Related Machinery and Elec-
tric Distribution, combined high productivity increases with higher MSD rates in 1998
over 1992 and a 1998 level above 100.

At the more discrete 4-digit level for manufacturing, some contrasts emerged from
the patterns and relationships identified at the industry group (3-digit) level of analyses.

The top productivity increase was achieved in Custom Compound Purchased
Resins (3087) with 245.1. Three other industries also achieved increases above 200:
Electronic Components, NEC (3679) with 238.0, Radio and TV Communications Equip-
ment (3663) with 212.0, and Knit Quterwear Mills (2253) with a productivity index in
1997 of 202.0. The top 30 industries in manufacturing experienced productivity gains
of 44.7 percent or higher; the top 50 industries recorded increases above 30.5 percent.

Among the top 50 industries, five recorded increases in their MSD rates between
1992-1998 with the largest increase in Asphalt Felts and Coatings (2952) at 53.02.
Four industries had smaller increases, between 2.83 and 12.41. Sixteen of the 50 indus-
tries with productivity increases recorded rate reductions of 50 percent or more; six
industries had MSD reductions greater than 70 percent.

Within this group with the highest productivity increases, 19 of 50 manufacturing
industries had MSD rates above 100, and two industries had rates above 200: Bottled
and Canned Soft Drinks (2086) with an MSD rate of 245.24 in 1998 and a 163.2 pro-
ductivity index and Aluminum Foundries (3365) with a 237.77 MSD rate and a 172.8
productivity index. While these cases are exceptions, they make the point that produc-
tivity increases can take place while MSD levels remain high. Efforts designed to
improve productivity may not significantly affect MSD rates.

Compared with the profile that emerged at the industry-group level of analyses,
MSD rate reductions at the more discrete industry level (4-digit) were more modest for
the high-productivity cohort and the number of industries with persistent MSD rates
above 100 was higher at the more disaggregated industry level. The impression of less
tractable, more difficult to solve problems emerges from analysis at the more detailed
industry level.

Across all high-productivity manufacturing industries significant MSD rate reduc-
tions accompanied high productivity increases (the 1992-1998 MSD rate reduction
was ~38.92 compared to the all-industry average of ~33.53), a finding which differed
from the results at the industry group level of aggregation.
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No statistically significant relationship was found between MSD rate reductions
and changes in productivity for this set of manufacturing industries. However, employee
hourly earnings for this high-productivity sector were below the all-industry average
($12.72 compared to the $13.43 average) and very low rates (below $10) were found
in several high-productivity industries, including Men’s and Boy’s Work Clothes (2326)
at $8.12 and a productivity index of 164.0 and Women’s Hosiery (2251) at $8.96 and
a productivity index in 1997 of 165 (a 65 percent increase since 1987).

MSD Rates in Industries with Low Productivity Increases — Table 7. At the oppo-
site end of the productivity spectrum industry groups (3-digit level) with the worst pro-
ductivity records during the 1990s were ranked beginning with industries with
productivity decreases. Eleven industry groups experienced negative productivity (index
below 100 in 1997) with the worst case Logging (241) at 71.9. Manifold Business
Forms (276) and Newspapers (271) also had index ratings below 80.

Among 30 industry groups with the lowest productivity indices (109.2 or below),
three experienced a MSD rate rise between 19921998, with the largest rise in Flat
Glass (321) with a 92.25 increase. Six of the 30 low-productivity industries had 1998
MSD rates above 100, with the highest Flat Glass at 154.32.

Expanding the list to include to 50 industry groups with the lowest productivity
resulted in two additional groups with rising MSD rates and five additional industries
with 1998 rates above 100. The totals for the 50 low-productivity industries were: five
with increasing MSD rates and 11 industry groups with 1998 levels above 100. This pat-
tern was similar to the one found in industries with high productivity increases.

The argument that MSD rate decreases came at the expense of productivity was
analyzed for the low-productivity industries. The average MSD rate reduction for low-
productivity industry groups was —32.74 compared with the all-industry reduction rate
of —33.53. The low-productivity group was slightly above average in implementing
ergonomic engineering controls compared with the all-industry average, 51.78 versus
48.91, and they had a below average 1998 MSD level than the all-industry average,
77.4 versus 83.6. The average earnings rate in the low-productivity group was $13.09,
below the national average of $13.43.

Based on these “averages” no compelling case appears to link low productivity
increases with industry efforts to reduce MSD rates.

Among manufacturing industries (4-digit level) 40 separate manufacturing indus-
tries experienced declining productivity 1987-1997, led by Ammunition Except for
Small Arms NEC (3483) at 53.2 (1987=100). Other industries with serious productiv-
ity declines were Electronic Connectors (3678) at 67.1, Aluminum Die-Casting (3363)
at 72.4, and Canvas and Related Products (2394) at 74.2. Among the top 50 manufac-
turing industries with low productivity (below 104.1), only one recorded an MSD rate
increase between 1992-1998, Sanitary Food Containers (2656) with a 26.5 rate
increase. All other low-productivity industries registered rate reductions; only one low-
productivity industry recorded a rate reduction above —70.0 (Nonwoven Fabrics (2297)
with a —87.75 MSD reduction and a 100.9 productivity index). No data patterns
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emerged to support the hypothesis that MSD rate reductions contributed in a system-
atic way to poor productivity. Significantly, a strong negative correlation between larger
negative MSD rate changes and productivity was found for this cohort (-.424 at the
one percent level).

The distribution of low-productivity industries above and below the MSD rate of
100 was similar to the high-productivity set in manufacturing. Among 50 low-produc-
tivity firms, 14 had MSD rates in 1998 above 199; one industry recorded a rate above
200 (Prepared Flour Mixes and Doughs (2045) at 217.37). Hourly earnings for the low-
productivity group were slightly below the all-industry average and industry revenue
change for this set was below the national average. Sixteen of 50 industries experi-
enced employment declines 1992-1997 in low-productivity manufacturing industries.

Different from the pattern for low-productivity industry groups at the 3-digit level,
manufacturing industries with relatively low productivity increases paid higher hourly
earnings than the average, $13.63 versus $13.43, and had higher than average percent
reductions in 1992-1998 MSD rates than the all-industry average, -38.81 versus
—33.53. The finding for manufacturing could mean that these industries were operating
at relatively high productivity levels throughout the period in absolute terms but not
registering increases. Unfortunately ergonomic engineering control implementation
rates were not available for industries at this level of disaggregation.

Industries with Low 1998 MSD Rates and Large 1992—1998 Rate Reductions
(3-Digit and 4-Digit Industries Combined). This category included eleven 3-digit non-
manufacturing industry groups; within the 39 industries in manufacturing, eight were
at the 3-digit industry group level and 31 at the 4-digit separate industry level. A typi-
cal profile for industries in this group included a 1998 MSD rate below 52.0 combined
with MSD rate reductions greater than —50 (down to —87.75).

This mixed category was slightly above average in revenue change and payroll
change (36.13 versus 34.75 and 27.87 versus 25.85) and above the all-industry average
for revenue change minus employment change and payroll change minus employment
change (29.61 versus 26.93 and 21.34 versus 18.03). The hourly earnings for the com-
bined group was $13.75, compared to the all-industry average of $13.43.

Interestingly, this group had an ergonomic engineering control implementation
rate (based on the 19 3-digit industry groups for which data were available) of 40.53,
below the all-industry average rate of 48.91. Presumably non-ergonomic process
changes, training, changes in work practices or the use of personal protective equipment
contributed to rate declines in these industries. This finding appears to support the opin-
ion expressed by several of OSHA’s ergonomic experts, that relatively minor work-
place changes/interventions can result in significant MSD rate reductions.

For the 50 low-MSD/large-rate-reduction group, productivity data were available
for 30. Four of the 30 experienced a decline in productivity 1987-1997 while the
remaining 26 industries recorded gains. Seventeen of 26 industries with gains had pro-
ductivity indices of 130 or above with the largest increase registered in Surgical and
Medical Instruments (3841) of 170.1.

Forty-three of the 50 industries experienced revenue gains 1992-1997 and (as
noted above) average employee hourly earnings for the group were above the national
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average. A high positive correlation was found between hourly earnings and the percent
change in MSD rates 1992-1998 (.756 at the one percent level). A positive correlation
was also found between the percentage change in MSD rates for this group and pay-
roll per employee in 1997 (.528 at the one percent level). The positive correlation
implies that the largest rate changes took place in industries with lower earnings and
payrolls per employee.

Industries with High 1998 MSD Rates and Low 1992-98 Rate Reductions (3-Digit
and 4-Digit Industries Combined). Once again combining data for both 3- and 4- digit
industries, those with 1998 MSD rates above 107 (the top quartile for all industries) and
MSD 1992-1998 rate reductions of 23 percent or less (worst quartile) produced 57
industries that met the combined filter, 15 at the 3-digit level and 42 separate manu-
facturing industries. Among the 15 industry groups, four were nonmanufacturing and
the remainder, manufacturing.

The highest recorded 1998 MSD rate in the group was 372.65 in Vitreous Plumb-
ing Fixtures (3264); an additional six manufacturing industries had 1998 rates in the
200-300 range. Unlike manufacturing industries, no nonmanufacturing industry group
had a 1998 rate above 200. The worst MSD rate change among all industries in this
high-rate/low-rate reduction category was recorded in Tire Cord and Fabrics (2296)
with a 1992-1998 rate increase of 160.98; the second worst record was in Flat Glass
(321) with and increase of 92.25.

Statistical relationships for industries in this group were found between produc-
tivity indices and revenue changes (.421 at the one percent level), payroll changes (.316
at the five percent level), revenue change minus payroll change (.381 at the five percent
level) and revenue change minus employment change (.424 at the one percent level).
Ergonomic engineering control implementation rates were correlated with revenue
change minus payroll change (.628 at the five percent level). The percent change in
MSD rates 1992-1998 was positively correlated with hourly earnings (.357 at the five
percent level) and the MSD rate change was positively related to the 1998 MSD indus-
try rate (.344 at the one percent level) for industries in this category.

Revenue change for these industries was 38.52, above the all-industry average of
34.75 for the 1992-1997 time frame. Payroll change was very similar to the national
average; hourly earnings for this high rate/low reduction group were above average at
$13.64 versus $13.43.

The 15 industry groups in this category had an ergonomic engineering control
implementation rate of 55.27, above the average for all 3-digit industries for which the
statistic was calculated (48.91). The average productivity index for the 57 industries was
119.26, slightly below the all-industry average of 123.74.

V. Conclusion

On balance, the evidence supports an association of higher productivity increases with
lower MSD rates and greater reductions in MSD rates. Across all industries for which
data were available, lower MSD rates were significantly correlated with higher pro-
ductivity increases. Since both changes in MSDs and in productivity have many varied
causes, the effects of efforts specifically intended to reduce MSDs are difficult to isolate
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from these data. Nevertheless, in two subsets of industries those effects may be more
likely to be discernible: industries with the largest reductions in MSD rates would be
more likely to have made changes intended to reduce MSDs, and industries with lower
productivity growth may reduce the effects of unrelated productivity gains on MSD/
productivity observations. Statistically significant correlations between reductions in
MSDs and increases in productivity were found among both of these groups. In addi-
tion, among industries with the highest MSD rates in 1992, the extent of implementa-
tion of ergonomic controls was significantly correlated with increases in productivity.

NOTES

*A special thank you is extended to William Weber, William McCarthy, and Linda Garris of the Bureau of
Labor Statistics, Office of Safety, Health and Working Conditions, for providing MSD industry data for 1992
and 1998. The opinions expressed in this article are those of the authors and do not necessarily reflect the offi-
cial positions of the department or agency with which the writers are affiliated. Jens Svenson is currently on
detail to the Office of Management and Budget.

! Additional research into the relationship between MSD rate changes and industry productivity change will
focus on annual changes between the two with the MSD rate lagged by up to two years. In the decade of the
1990s it would have been useful to identify the effect, if any, of the decline in unemployment on productivity/
MSD relationships. It would be important to have local area data and industry geographical concentrations
to make sense of this factor. Certain anomalous industry situations uncovered in this research may be explained
when employment/unemployment trends are carefully considered. Unfortunately this could not be accom-
plished within the time constraints for this paper.

2The effort was made to use the most disaggregated level of industry data available. Generally, this meant
Standard Industrial Classification (SIC) 3-digit or industry-group level for nonmanufacturing and the more
discrete 4-digit industry level for manufacturing. In order to track with the coverage of OSHA's proposed rule,
analysis did not include agriculture, mining, and construction industries. Where possible industry results for
the 3-digit group level were compared and contrasted with those at the 4-digit level of industry detail. For
one important characteristic this was not possible: OSHA data on ergonomic engineering control imple-
mentation rates were available only for 178 industry groups (3-digit level).

*News release USDL 00-115 4/20/2000. Incidence rates represent the number of injuries and illnesses per
10,000 full-time workers and were calculated as: (N/EH)*20,000,000 where N=number of cases, EH=total
hours worked by all employees during the year, and 20 million is the base for 10,000 equivalent full-time
workers (working 40 hours per week, 50 weeks per year).

“In this paper, change in revenue minus change in payroll is referred to as change in labor intensivity; pay-
roll as a percent of revenue may also be considered an indicator of the level of labor intensivity.
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