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Introduction

The experience gained in this survey supports the assumption that concept or response errors in the research and development field are more serious than sampling errors. The estimated grand total for R&D dollar performance in 1957 has a standard error of less than 1 percent. Most of the detailed estimates of $100 million or more have standard errors of less than 7 percent. Overall response was good requiring an estimate in approximately 4 percent of the companies and 1.2 percent of the total R&D performance funds.

The following discussion includes additional information on the limitations of the study. Tables at the end of this appendix give the standard errors calculated and the imputation rates for selected measures used in this survey.

Methodology of Survey

Sample Design. The sample for the 1957 survey of industrial research and development represented all manufacturing industries and selected nonmanufacturing industries that are engaged in R&D activities. It was drawn from lists of the Bureau of the Census and the Bureau of Old-Age and Survivors Insurance, supplemented by business births during 1957, and it was stratified by industry and employment size as of 1956.

The sampling unit used was the company, defined as all establishments under common ownership or control. All companies with 2,500 employees or more were included in the sample with certainty.
 Smaller companies were sampled at rates ranging from 1.000 downward depending upon their industry and size. For industries heavily engaged in research and development, such as the aircraft and parts industry, all companies with as few as 100 employees were included with certainty. Industries that conduct relatively little research and development were sampled lightly, for example, the sampling rates for the food and kindred products industry ranged from 1 in 1 for companies with 2,500 employees to 1 in 500 for companies with less than 8 employees. Companies with less than 100 employees were found in earlier surveys to account for about 5 percent of the total R&D, so that the smallest companies were sampled at very low rates. The 300 largest companies from a Department of Defense list of R&D contractors were included in the panel with certainty regardless of their industry classification or employment size.

In total, 6,800 companies were included in the sample. A total of 1,950 certainty companies (all those with 2,500 or more employees and others in selected industry‑size strata) accounted for 89 percent of the total estimate of R&D performance funds. The balance was sampled at varying rates; table B‑1 shows the probabilities of selection applied for each industry‑size stratum.

Single-unit companies (those having only one establishment) were selected by a random process under which all such companies in the same stratum had the indicated chance of being selected. For multiunit companies, however, the probabilities of table B-1 were used as intermediate probability measures that were assigned to their individual establishments. These measures for the establishments of each multiunit company were summed in order to determine the company's total probability of selection. The total multiunit probabilities assigned in this way were more nearly commensurate with the size and industrial structure of companies having diverse activities than would be possible if the probabilities had been assigned on the basis of a company's principal activity alone. After their total probabilities had been determined, the multiunit companies were samples by a random process in accordance with their assigned probabilities.

This sample design aimed to yield estimates of R&D performance and financing that would have moderate sampling errors for all substantial subaggregates. The allocation approximated the theoretical optimum for estimating the grand total of R&D performance funds. In determining the “optimum” sampling fractions to be applied, advantage was taken of the data on R&D performance by industry and size that were available from the results of earlier surveys. A somewhat different allocation would have been appropriate, if estimates of scientific and engineering personnel in all activities, in addition to R&D personnel, had been one of the primary objectives of the 1957 survey, as was the case in the earlier surveys.

Sampling Error. The objectives of the sample design were well realized. Although the 1957 sample was smaller than the sample used for 1953, as a result of the design briefly described above, the sampling errors of the 1957 estimates are generally lower than those achieved in the earlier survey. The estimated grand total R&D performance of $7.2 billion has a standard error of sampling of less than 1 percent. Most detailed estimates of $100 million or more have standard errors of less than 7 percent. For small totals, however, the potential range of error due to sampling usually is large, and this should be carefully considered when interpreting the estimates. Table B-2 shows the sampling errors for selected estimates.

Data Collection and Estimation. The 1957 survey was a mail canvass. Two forms were employed in the survey, Form RD-1 for companies with 100 employees or more and Form RD-2, an abbreviated schedule, for companies with less than 100 employees. Approximately 3,900 companies were canvassed with Form RD-1 and 2,900 companies with Form RD-2. Forms for the 700 largest companies were mailed in March 1958. The balance of the sample was mailed in April.

Nonrespondents were followed up twice by mail. All certainty companies in the RD-1 panel that had not responded by June 1958 were also followed up by telephone and information for key items was obtained at that time or arrangements were made for an abbreviated form to be mailed to the Bureau for use in the tabulation. Approximately 45 percent of the companies in the RD-1 sample had some expenditures for research and development. Somewhat less than 10 percent of the companies in the RD-2 sample reported such expenditures. The survey was closed to tabulation in July 1958.

Of the 6,800 companies included in the canvass, complete or partial reports were received from upwards of 6,500, an overall response rate of 96 percent. These included returns from nearly all the large companies. Data for the few large nonrespondents were imputed on the basis of their industry classification and employment and ratios derived from the reports of similar companies. A sub-sample of 10 percent or 20 percent, depending upon industry and size, was selected of the small nonrespondent companies and followed up intensively in order to secure reports from them.

The sample data were inflated to universe levels by multiplying each company's figures by the reciprocal of its probability of selection. In the case of the subsample of the nonrespondents, the product of the initial probability and the subsampling probability was the basis for the weight. Totals at various levels of detail were then obtained by summing the inflated figures. More elaborate estimation procedures did not appear justified in view of the low incidence of R&D reported by noncertainty units.

Some large companies were unable to supply figures in the full detail requested. As in the case of complete nonresponse, the missing figures were imputed individually on the basis of the related data available from the company's report and ratios derived from the reports of similar companies. Reports on Form RD-2, which did not request the full detail, were processed in a like manner. Ratios for companies in the nearest size classes and classified in the same industry were applied to impute the additional detail.

Some nonmanufacturing industries with very little research and development but sizable numbers of scientific personnel that were directly represented in the 1956 BLS Survey were not covered by the 1957 sample. An estimate, approximately 1.5 percent of the 1957 total R&D cost, was imputed for them from the 1956 results, and is included in the 1957 figures.

The amount of imputation made by the Bureau of the Census in the major items is shown in table B-3. Where the amount that was imputed exceeded 20 percent, the figures were not released. An exception is the dollar value of applied research and development, respectively, as noted elsewhere in this report.

Editing and Classification. As contrasted with the usual Census establishment report, this survey was based on a company report. In order to assure that the entire company was covered, total employment reported was compared with the total for the same company tabulated in the 1954 Census. This check, made for all companies with one or more manufacturing subsidiaries, revealed a few cases where reports had first been returned without including data for all subsidiaries. Revised reports were then obtained from such companies.

Other checks were made through comparisons of R&D expenditures to sales; research and development in basic, applied, and development categories; salaries to total R&D performance funds; total scientists and engineers to total salaries; and other such relationships. These comparisons isolated additional questionable returns that were checked through correspondence, or in the case of large companies, by telephone or visit. The figures as checked by the reporting company were entered in the tabulation. This was done even though comparisons with other reporting companies made it difficult in a few cases to accede that the definitions were being interpreted in substantially the same way by the company under correspondence and the bulk of other reporting companies.

After the punching of tabulating cards had been completed, an array of figures by industry by size isolated other questionable reports, and also provided the basis for imputing missing items for companies known to be performing research and development. Estimates were made only for those companies that had acknowledged they were doing research and development but did not report data or supply estimates themselves. These estimates or imputations were made by the Census Bureau on the basis of the relationships found in the three or four companies in the same industry and of nearest employment size in the array.

Industry classifications in manufacturing for each company were taken from the Annual Survey of Manufactures. New companies and nonmanufacturing companies were classified on the basis of BOASI industry codes. The Census company-coding system places a company in manufacturing, mining, or other industrial area on the basis of employment. Within manufacturing, a Census company receives a code on the basis of value added by the various establishments of the company.

Size classes for tabulation were assigned on the basis of employment for 1958, reported on the survey form, although the size class for purposes of sample inflation depended upon the size at time of selection.

Reporting by Company Division. One object of the 1957 survey was to continue the effort to report, more clearly and at greater length, applied research and development by product field. At the time the 1957 survey was launched, efforts to obtain reporting by product field in the 1956 survey could not yet be determined as successful. Therefore, companies with more than 1,000 employees in two or more different broad industries in the 1954 Census were asked to report total R&D performance by operating division. The resulting figures, when finally tabulated, were not considered to be significantly different from figures reported by product field and consequently are not included in this report. 

Comparability of 1957 Survey With Earlier Surveys of Industrial Research and Development

The 1957 estimates of industrial R&D performance and financing are not directly comparable to those developed from the 1956 or 1953–54 surveys conducted by the Bureau of Labor Statistics. 5 The principal reasons for non-comparability of 1956 and 1957 survey results are as follows:

1) Some companies used different methods or bases for compiling figures for the two surveys, reflecting, in part, difficulties with concepts in the field of research and development. This was evident in the two different figures for research and development performed in 1956 reported by these companies to the Bureau of Labor Statistics in the 1956 survey and to the Bureau of the Census in the 1957 survey, although the definitions and instructions used in both surveys were identical.

Since a new sample was employed, the Census Bureau included in the 1957 form a request for a single figure on total R&D performance during 1956. This figure provided the best base for a measure of change from 1956 to 1957, and for a measure of changes attributed to the difference in samples. Furthermore, the figures provided an opportunity for checking on differences in methods of reporting by the same company, reflecting response errors, or more appropriately in this field, concept errors.

Employees of the Census Bureau who were also made sworn employees of the Bureau of Labor Statistics compared the 1956 total R&D performance figures reported in the 1957 survey with the corresponding figures reported in the 1956 survey. Of 318 large companies included in both surveys that accounted for $4.8 billion of the 1956 total R&D performance of $6.0 billion reported to the Census Bureau, more than half (167) changed their 1956 figures to some extent from those reported in the earlier survey. The sum of their absolute changes (disregarding sign) was $0.4 billion, or a relative change of 8 percent. The corresponding net change, obtained by summing the positive and negative changes algebraically, was 4 percent. This net response difference was roughly four times as large as the sampling error of the estimated grand total R&D performance cost. These companies were all included in the survey with certainty and, therefore, did not themselves contribute to the  smaller sampling error. At the grand total level, the observed response or concept errors tended to be partially offsetting, but such balancing of plus and minus influences frequently did not occur in the various industry, size, and other subtotals developed from the surveys.

2) The sample for the Bureau of the Census survey was based on more recent company lists than were available to the earlier Bureau of Labor Statistics survey. The 1957 sample was selected from a list that provided company characteristics as of 1956. The sample for the earlier Bureau of Labor Statistics survey, however, was drawn from a list that provided company, industry, and size characteristics as of 1951, which was the latest available list at the time this survey was undertaken. A number of companies that were small in 1951 and, therefore, sampled with low probability had become very large by 1956. Exceptionally large sampling errors were associated with the various estimates by industries and/or size classes affected by the companies that exhibited such unusual growth. Several such estimates were either much higher or much lower than the corresponding estimates derived from the 1957 survey in which these companies were included in the sample with certainty and, therefore, did not contribute to the sampling errors. For several industries and/or size classes, comparisons of the 1957 figures with those for 1956 derived from the earlier survey would be highly misleading.

3) The industry codes assigned to a few important companies differed between the two surveys. For multiunit manufacturing companies, the Census system assigned industry codes on the basis of value added by various establishments of the company, while the Bureau of Labor Statistics assigned industry codes to companies on the basis of establishments with the highest employment.

4) The sampling unit used in the Bureau of Census survey was the company defined in accordance with the standard Census concept, including all establishments under common ownership or control. In the earlier Bureau of Labor Statistics surveys, subsidiary corporations were asked to report separately. A limited number of companies did report separate data for their subsidiary corporations, and some of these were classified in a different industry than the rest of the company.

5) The response rate to the surveys varied and thus affected the amount of imputation that was necessary in each survey.

6) The phrasing of questions asked small companies differed in the two surveys. Significant reporting differences noted may be traceable to this factor.

When a company has assigned R&D responsibilities to a staff of scientists or engineers, however small the staff, there is little difficulty in obtaining agreement that the particular firm is doing research and development, although questions may arise as to the amount or level of this activity. However, in many small companies, personnel assignments may be quite informal and the company may or may not identify itself as doing research and development. Although any resulting errors will have little effect on total volume of R&D performance as tabulated for the industry or in grand totals, they do affect figures for small size classes and figures on number of establishments.

The companies’ 1956 figures from the 1957 Census and 1956 BLS surveys underscored this point. Although very few identical small companies were included in both surveys, statistical comparisons could be made for manufacturing companies with less than 100 employees. For that class, the 1957 sample reports yielded estimates of only one-half the total number of companies conducting research and development found in the 1956 survey. In each of the two surveys, the total R&D funds reported by companies with less than 100 employees amounted to less than 3 percent of the total for all sized of companies. However, the difference between the two surveys with respect to number of small companies doing R&D work persisted from industry to industry and was well beyond the range that might reasonably be expected for sampling alone. Inasmuch as responses of small companies may have been influenced by variations in the questionnaires used in the two surveys, a study of that question is being carried out as part of the 1958 survey.

Problem of Measuring Industrial R&D Performance and Financing

As mentioned above, a gross change of 8 percent and a net change of 4 percent was observed in the total R&D performance figures covering the same year that were reported by identical large companies. These figures indicate the difficulty of measuring industrial R&D performance and financing. They, in fact, understate the magnitude of the problem, for larger differences might have been expected had every pair of successive reports revisions reflected only the variable interpretations that were made within companies. They do not include the variations among different companies which must be added to the calculated within-company difference for a total measure of response variance.

Quantitative measures of the total response variance are not available, but correspondence with about 200 large companies and direct interviews with about 50 more, conducted after the 1957 reports had been analyzed, emphasized the importance of the concept problem in this field. This review, which is aimed at isolating the reasons for differences rather than measuring explicitly their size, is being conducted by the Bureau of the Census with the support of the National Science Foundation, as part of the Foundation’s program for improving the available data on research and development. The findings to date suggest that response differences result principally from two factors: 1) the incompleteness or lack of accounting records on R&D performance and financing in some companies, and 2) the failure of some respondents to interpret survey definitions correctly in reporting research and development.

The definitions supplied with the 1957 report from defined research and development as “basic and applied research in the sciences and engineering, and design and development of prototype and processes.” As may be observed from a review of the paragraphs reproduced in appendix C, the instructions outline the types of activities to be included and excluded and the types of costs to be included, particularly wages and salaries, materials, overhead, etc.

The line traced by these instructions between research and development, on the one hand, and nonresearch time, based upon our limited information, is detailed, and at the present time, based upon our limited information, it is believed that it can be traced precisely only in the accounts of a few companies. As noted above in the discussion on differences with earlier surveys, it is difficult in some cases to determine through these surveys whether or not some small companies are actually performing research and development. In some large companies, research and other engineering activities are separated primarily on the basis of estimates.

Aside from the problem of determining total R&D costs for a company, several of the other major reporting problems encountered by companies that reported R&D activities are summarized below:

1) In the classification of research and development into basic research, applied research, and development, only a few companies have units which are assigned responsibility for the separate categories as defined in these instructions. More frequently, the reporting of separate figures for these categories necessitated a special classification of work orders or entire R&D projects in terms of the definitions.

2) Some of the figures reported for basic research appeared to be questionable, and were rechecked through correspondence. A few companies reporting an unusual proportion of research in this category were found to be using the term in the light of a special company practice rather than as intended for the survey. A number of changes were made as a result of correspondence. A few companies that reported zero for basic research are believed, on the basis of recent visits to the companies after survey tabulations had been completed, to be performing some research in this category.

3) Special mention should be made of the attempt to differentiate between applied research and development. In view of the size of the funds spent for research and development, and the wide spectrum of effort included, there will undoubtedly be further effort to improve the definitions and instructions to permit a classification of costs into such types. But in the 1957 survey, one-third of the dollars reported for applied research and development were not reported separately for these two types. (See table B-3 for the amount estimated in each industry.) Preliminary reviews of 1958 returns do indicate that more of the companies are reporting applied research and development separately. This is being done in spite of the fact that the combined figure for 1957 was copied on the 1958 form of these companies before the forms were mailed by the Census Bureau.

4) Reporting of applied research and development by product field in which such work was conducted is known to include some errors, since some companies misinterpreted the survey instructions by reporting the product field for which the work was done rather than the actual field in which the applied research and development was conducted. For example, a recent visit revealed that one electrical equipment firm reported applied research and development under electrical equipment since that was the field for which the work was done, even though some of the work was chemical in nature. In some cases these figures, by field of applied research and development, were based on a tabulation of costs of individual projects, or summaries of projects by type of laboratory. In others, the figures were estimated by respondents.

5) The employment and wage items presented special difficulties to some respondents. Figures on scientists and engineers in separate R&D establishments are generally available, but when research and development are performed in departments that also do other engineering or production work, it is sometimes difficult to isolate such data. In such instances, manpower estimates are generally derived from man-hour data or estimated in other ways.

6) Field interviews after the survey was completed indicated that a few companies failed to include material costs in their R&D performance figures. Failure to include such costs may have resulted from the misinterpretation of instructions regarding the reporting of materials consumed in R&D performance or because of inadequate records on such costs.

7) Reporting practices among companies differ with respect to the treatment of overhead chargeable to research and development. In some companies, an overhead charge is included in the R&D figures. In others, it is not, particularly where research and development is itself included as part of the overhead charged to production units.

8) For this survey, the classification of a particular Federal contract as research and development was made by the reporting company. There are borderline cases where another company or a government agency might make a different classification. Where Federal contracts include both production and research and development, some classifiers have not yet been able to segregate the research and development portions of such contracts. Instead they have reported the entire cost of contracts that are primarily of a research-development nature, and excluded research and development performed as a part of production contracts. The cost of subcontracted research and development that was financed by the Federal Government was to be excluded by the company letting the subcontract, but reported by the subcontractor that performed the research and development. The purpose of this instruction is to avoid double-counting and, at the same time, get accurate data on the research and development actually performed by the respondent. The difference between the actual and the desired effect of this instruction, particularly on the aircraft and parts industry figures, is not entirely clear and is receiving further study.

Activities to Improve R&D Statistics

The problem of misinterpretation of definitions used in surveys of industrial research and development is being reduced through correspondence and visits to companies with large R&D programs. Its effect should be considerably lessened in future surveys. However, the correction of errors resulting from lack of accounting records on R&D activities will depend primarily upon the development of improved accounting and estimating procedures within individual companies.

The use of the shuttle form by the Bureau of the Census is expected to play an important role in improving results of future surveys of industrial research and development. In this shuttle type of reporting, used widely in other surveys, the respondent firm is supplied with the actual figures reporting in the previous period. On the 1958 schedules, the previous years’ figures for total R&D scientists and engineers, development, applied research, basic research, and the sources of R&D funds were entered on the forms before mailing. Returns have shown that this arrangement has helped to preserve the comparability of reports and has provided respondents with a ready vehicle for making adjustments in earlier figures. So far as year-to-year changes are concerned, the data for the two years, compiled from an identical sample and reviewed by each company at the time it supplied data for the current year, are subject to sampling, response, imputation, and processing errors that are apt to affect both sets of numbers in much the same way. To a large extent, therefore, such errors are offsetting in estimating change.

The reporting requirements on Federal research contracts, currently more than one-half of the industrial R&D performance, can be expected to encourage the improvement of company accounts covering this portion of the research and development. It is recognized, as noted above, that some Federal contracts do include both production and research-development. to this extent, the anticipated effect of accounting for federally financed work on the reportability of R&D cost may be reduced. The Defense Department has specific provisions (Armed Services procurement Regulations 15.205.35) under which a “reasonable” part of a company’s own R&D program may be allowed in defense contracts as an expense of doing business. From the point of view of a data-collection agency, it would appear that company efforts to isolate and classify their own R&D costs may increase if the allowance is considered attractive by the reporting company. On the other hand, if the allowance is not considered attractive, such efforts may decrease.

As part of the effort to improve the reporting system, the National Science Foundation has authorized the Bureau of the Census to review problems of reporting R&D performance and financing with the largest industrial performers and a sample of small companies with R&D programs. This activity has already made it possible in a number of instances to improve the comparability of company reports on R&D activities.

Finally, and of most importance, the greater attention given by industry to R&D activities and the information required by management on such operations should make for improved reporting in this field.

� Prepared by the U.S. Bureau of the Census, the collecting and compiling agent in this survey for the National Science Foundation.


� This indicates that a sampling ratio of 1:1 (or 1.000) was employed in the selection of companies in this particular size class.


5 For details on these earlier surveys, see NSF 56-16, op. cit. and NSF 59-50, op. cit.
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