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Tne Honorable Bob Eckhard:
House of Representatives

pDecr sir. Ecknardt:

In your letter of May 14, 1976, you reguestea our OQOffice
of Program Analysis to "review the information and comment on
the statistical valicdity of the statements made respecting
new product activity by small companies® in the study by the T, -stae—
Manufacturing Chemists Association of notential economic
impacts of the proposed Toxic Substa., ves Control Act,

BACKGROUAND

It is generally agreed that the Toxic Substances Control Act
would impose costs ¢n firms in the chemical industry, reguiring
them to perform certain tests and provide data on the results
of those tests. Tuoe following studies on the implications of
the Toxic Substances Control Act have becn made public:

1. Draft Economic Impact Assessment for the Prorozed Toxic
supstances Control Act, S5.776, U.S. Environmental
Protection Agency, June 1975.

2. Studv of the Potential Economic Impacts of the Proposed
TOX1C Suostances Control Act as Illustrated by senaite
Bill S.776 (Fetruary 20, 1975)., Manufacturing Chemists

Association, June 1375,

3. Statement on S5.776 and the toxic Substarces Legislative
_s3ue, Dow Cnemical U.S.A., April 1975.
We commented upon those studies in a staff paper and in a
letter to Senater Tunney. 1/ Also, Mr. Harry S. Havens,
Direcror, Office of Progrem Analysis, testified before the )
Senate Commerce Comm‘ttee, Subcommittee on the Environment, on .\° 47354
Octooer 24, 1975. His testimony was based on the staff paper.

1/7A Comparison of Three Estimates of Costs of the Prorosed

T Tcxic Supstances Control Act" (OPA-76-6), Oct. 21, 1975.
Letter repcrt to Senator Tunney (B-10%9020), Dec. 4, 1975,
on certain aspects of the Association study.
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In addition to questions about the magnitude of costs
imposed by the act, many gquestions arise regarding the in-
cidence of these costs~--that is, who will ultimately bezar
them? Consumers? Pirms? Taxpayers? Worhkere? To what ex-
tent would these costs fall upon relatively small firms?
Regarding this last guestion the Association study offers
some evidence, and the purpose of this report is to comment
upoen the validity of that evigdence. Further, we present
informatrion from other sources which bears on the guestion.
The derailed results of our review are presented in en-
closure I.

Qur representatives were informed that you did not wish us
to obtain comments or try to obtain additional data from the
asscciation. In our gprevious work on the Associztiosn report,
we were told by the Agsociation that survey data would not ke
disclosed because that would violate agreements made with the
surveyed firms.

EVIDCHCE IN THE ASSCCIATICH STUDY

The study states on page 67:

“aAnalysis of 'small companies' shows a higher level
of new product activity, per dollar of sales, than
the overall sample.”

This statement applieg to two segments of the chemiczl incustry,
inorganic chemicals (Standard Industrial Classification 281) '
and industrial ¢rganics (Standard Industrial Classification
2f6). The stvudy states further:

*“In the Inorganic chemicals area, rew product activitv
appears to be five to ten times as great among the
small companies. In Industrial Organics the activity
is 100 times as great.”

The study qualifies these statements by pointing oui that
"these data lack precision because of the small number of
companies on which it is based."”

The statistical method was to take a sample of small firms,
guestion them about the number of new products they had intro-
duced, and compile the resulting data. Ffrom these data, the
Association study concludes that small firms introduce new
products at a much higher rate (per unit of sales) than tne
rest of the industry. We believe, however, that this conclusinn
is not supported by the evidence presented in the study. Even
though the nine small firms sampled in the Association study
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reported more new products (per unit of &ales) than did all

of the firms in the sample, this fact alone 1s not suificient
to support generalizations about the thousands of small firms
in the chemical industry. Apart from smallness of the sample,
the study fails to provide encugh statistical information
about its semple to support its conclusion.

RELATED EVIDENCE

" The relation between firm sizg and innovation has been
tie subject of several economic studies. None of the studies
w2 have reviewed is concerned precisely with the gquestion
of new products in the chemicel industry. Instead, manv
deal with research and development spending (rather than
new products introduced commercially) and some deal with
all U.S. monufacturing (rather than the chemical industry
or its compounents).

These studies do not support the contention made in the
Association study that new product ac-ivity among small firms
is many times greater than in the industry us a whole. Perhaps
the nearest that any study cemes to such sirppert is a2 National
Science Foundation study (cited in Science lndicators 1974, a
report of the Mational Science Board, Natvicnul Sclencs Fouada-
tion, 1975). 1Its data indicate that between 1953 and 1973,
small manufacturing firms {less than 1,000 emplcyees) in-
troduced =bout 20 to 25 percent more innovations per dollar
of sales than did all firms in its sample. This is much
smaller than the difference suggested by the Bssocilation
study. However, the National Science Foundation study
addressed manufacturing as a whole, and may not be indica-
tive cf the situation in the chemical industry.

CONZLUSION

Oa the basis of our review, we conclude that the material
preserted in the Association study does not support the state-
ments made in the Association report with respect to new product
activity by sm- .l cumpanies in the chemical industry.

Sincerely yours,
. 1 ’ N
/’?:'/ . . '{

. N ~ . - [ar. :
R . I A0y - M o N

Phillip S. Huaghes
Assistant Comptroller General

Enclosure



ERCLOSURE I EMCLOSURE I

REVIZH OF IN{ORHMATION ON LEW
PRODUCT ACTIViTiLs 11y SHELL COA

According to the Study of the Potentiazl Economic Impacts
of the Proposed Toxic Substences Control Act »3 {ilustrated by
Senate Bill 8,746 (Feoruary 20, 1975), Manulacturing Cnemizis
Assoclation, June 1975

"analysis of 'small companies' shows a higher level
of new product activity, per dollar of sales, than
the overall sample.".

This statement applies to two segments of the chemical indus~
try--inorganic chemicals (SIC 281) and industrizl organics
(SIC 286). Tne study also states:

"In the inorganic chemicals area, rew producc
activity appears to be five to ten :imes as great
among the small comrpanies. In Industrial

Organics thz activity is 190 times au grezt.®

The study qualifies thesas statements by pointing out that
"these data lack precision because of the small number of
corpanies on which it is based.”

Any study which tries to generalize about a populatior
{in this case, the smaller £irms in the chemical indust.v)
on the basis of a statistical sample must have some mean:
to determine whather the particular sa >le dvrawn is typical
of the industry or whether it happens by chance to be
composed of firms which are not typical. Our comments wunon
the study fall into c¢wo categories--sampling techniqgues and
the interpretation of data. 1In addition, we present related
evidence from other studies.

SAMPLING TECHNIQUES

At the time of the Association survey, there were
approximately 10,000 firms in the chemical industry (SIC 28).
The study is based »n the rzsponser of 45 of these firms.
Because some of these were large firms, the 45 responding
firms accounted for about 24 percent of total indastry salecs.
In the subcategories of SIC 28 relevant to the "small
firms" question, SIC 281 and 5IC 286, responding firms
accounted for 15.5 percent and 38.3 percent of sales,
respectively.

This Zevree of industry coverage might be sufficient to
give reliakle information about the entire industrv if appro-
priate statistical sampling techniques had been used. We
found, however, indications of inappropriate statistical




ENCLOSURE 1 ENCLOSURE I

ne

sampling technigues and a feailure to prese enoughk infor=-
ration to determine whether other accepted procedures had

been follwed.

1. Selection of a sanmple,

The study does not reveal how many of the 10,000 firms
were chosen to receive guestionnaires, but it was apparently
only a fraction of the 10,000. Given the overrepresentation
of large firms, it is clear that th» sample wa3 not random.
Taking a noniandom sample of the indastry would be appropriate
provided that the sampling procedures werse carefully designed
to assure that the sampie was representative of the industry.
Otherwise, the inclusion of a few firms that are in some
way atypical could lead to a misleading picture of the
industry. The Association study reveals neither how large the
sample was nor how it was chosen.

The report states that the underrepresentation of sma
firms means that the survey's bias is to urd:restimate the
of new product introduction because small fi ms are more
innovative. But the premise that small fitms Aare more innova-
tivz is based on the findings »f ¢im survey which, as we argue,
may be inaccurate. Thus, the iszascning in that report mzy be
circulat. The abo.~ statenant in the report seems to indicate
that no formal measures were taken by the researchers to adjust
the results for the nonrandomness of the sample.

2. Response rates.

Apparently, less than 100 percent of the firms sampled
responded to the survey. Many reasons LOr nonresponse may be
cenjectured. For example, highly innovative firms might per-
ceive it in their interests to recspond, while firms that do
not innovate micht not respond, believing that they would not
te affected by the Toxic Substances Control Act. This response
pattern would lead ¢o an overestimate of the number of new
products. The Association study (p. 56) discounts this source
of bias on the grounds that some firms showed no new~product
activity and that responses "coaxed" from reluctant companies
“shwed no significant profile difference." While these
statements are somewhat reassuring to .the reader, they are
inadequate substitutes for a rigcrous treatment of the nreoblem
of nonresponse..

The selective "coaxing"” creates a pro.lem of bias in it-
sz21f pbecause it means that fiims in the sa:nle were not all
treated the same. Perhaps the other firms would have respond-
ed differently if they were also contacted perscnally.
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In summary, the Assccilation survey results are based on
a sample the size of which is noct given, a sample taken by
und<iscloced (but nonrandon) methods, with an unknown bias
bucause o0f less-than~full response and the use of different
data~gathering technigues for some firms,

INT'ERPRETATION OF DATA

1, Sanple gize.

Tane Association study indicates that there were nine
amall €firms in their zample., Of these nine, !+ appears that
some were in SIC 281 and some in SIC 286. Thi- is a small
fraction of the populazion., In 1972, there were more than
1,000 establishments in S$IC 281 and mere than 800 in SIC
286,

2. Sample variance,

Sample variance is the other determinant of how represen-
tative ¢ sample is, If all firms in the sample were fairly
similar, then it weould be likely that the industry was hono-
geneous and that the sample was, therefore, revresentative.
if the sample was diverse-~for example, if the number of new
products differed widely frcm fird to firm--then it would
be concluded that the industry was heterogeneous in this
respect and that a large sample should be taken to lessen the
possibility that the sample was atypical.

The study presents no statist. s whatever dealing with
sample variance. Therefore, there is no way to test the
hypothesis that small firmc are as innovative as the entire
industry. -

One ciue to the mystery of variation in the sample is
the great discrepancy between new substances and grossly
modified substances for the sample from SIC 286. According
to the data on page 69 of the study, the small firms in the
sample introduced publicly no grossly modified substances,
whereas for the sample of gll firms in SIC 286 grossly modi-
fied substances comprised 12 percent of significant develop-
ments introduced publicly (page 64). If the data are supposed
to be consistent with the nypothesis that small firms are
more innovative, then one would expect the small firms to
introduce more grossly modified substances than the large
firms, because grossly modified substances are also indicative
of innovative activity. Since the date show the opposite, it
is likely that the small firms in the sample differ greatly
among themselves. This, in turn, suggescs that the results
are probably not statistically csignificant.



ENCLOSURE I ENCLOSURE I

RELATED EVIDENCF

Because of time constraints, we have not attenpted to make
a thorough study of the relation between firm size and new
product introduction in segments of the chemical industry.
We do, however, present data which bear upon this question
indirectly. *

According to EScience Indicators 1974 (Report of the
National Science Board, nNational Science Foundation,
19751

Laroe companies {(thoge with 10,000 or more employees)
produced & greater number of the sample of innova-
tions between 1953~73 than companies with less

than 100 employees, but a smaller number of firms
emploving l=ss than 1,000; small firms {those

with less than 100 employees and those with 100-

999 employees) produced rmore inncvations per unit
gales than larger firms throughout the pericd.

This conclusion was drawn from a study commissioned for the
National Scienze Foundation report, which studied the sources
of 277 major innovations in U.5. manufacturing betwesen 1953
and 1973. Beccuse this study is concerned with all industry,
not just chemicals, and because it defined innovations differ-~
ently than does the Association report, there is no direct
comparability. The data presented are, however, consistent
with the hypothesis that major innovations per unit of sales
are larger for small firmg than for large firms. The differ-
ence, <hough, is for less than what the Association study
indicates. According to the National Science Foundation
data, small firms (less than 1,000 employees) introduced
about 20 to 25 percent more innovations per dollar of sales
than did all firms in the sample. This is much smaller than
the difference suggested by the Association study, which

says that "in Industrial Organics the activity (among

small firms) is 100 times as great ({(as in the industry

as a whole)."”

Another approach to this problem-—which provides ancillary
evidence-~is to consider the relation between spending on re-
search and development and firm size. According to a2 1964
study by Edwin Mansfield, larger chemical firms spent more
on research and development {per unit of sales) than smell
firms., 1In orcder to apply this finding to the guestion
addressed in this report, one would have to show a relation
between research and development spending and the introduction
of new products. There ls some evidence on this point, but
it applles to all industry rather than to the chemical
industry in particular.
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Recent rescarch in the economics of inncvaticn shows that

many factors affect the rate of innovation besides the size
of the firm, such as interfirm differences in technology,
product diversification, and availability of funds. There=
fore, there may be significant differences in innovative
activity among firms of the same size. This suggests that
there may be- a great deal of variation in the population

of firms from which the Association study drew its sample.
It also suggests that the costg imposed by the Toxic Sub-~
stances Zontrol Act wouid varv from firm to firm and that
the size of the firm would not necessarily be a determining
factor.
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