
FR
O

M
 T

H
E 

A
R
CH

IV
ES

Find Similar Titles More Information

Visit the National Academies Press online and register for...

Distribution, posting, or copying of this PDF is strictly prohibited without written permission of the National 
Academies Press.  Unless otherwise indicated, all materials in this PDF are copyrighted by the National Academy 
of Sciences. 

To request permission to reprint or otherwise distribute portions of this
publication contact our Customer Service Department at  800-624-6242.

Copyright © National Academy of Sciences. All rights reserved.

Instant access to free PDF downloads of titles from the

10% off print titles

Custom notification of new releases in your field of interest

Special offers and discounts

NATIONAL ACADEMY OF SCIENCES

NATIONAL ACADEMY OF ENGINEERING

INSTITUTE OF MEDICINE

NATIONAL RESEARCH COUNCIL

This PDF is available from The National Academies Press at http://www.nap.edu/catalog.php?record_id=19876

Pages
65

Size
5 x 8

ISBN
0309333490

The Effects of Nonresponse Bias on the Results of 
the 1975 Survey of Doctoral Scientists and 
Engineers (1979) 

Spisak, Andrew W.; Maxfield, Betty D.; Comprehensive 
Survey of Doctorate Recipients; Commission on Human 
Resources; National Research Council 

http://www.nap.edu/catalog.php?record_id=19876
http://www.nap.edu/related.php?record_id=19876
http://www.nap.edu/catalog.php?record_id=19876
http://www.nas.edu/
http://www.nae.edu/
http://www.iom.edu/
http://www.iom.edu/


The Effects of 
Nonresponse Bias on 
the Results of the 
1975 Survey of 
Doctoral Scientists 
and Engineers 

Andrew W. Spisak 
Research Associate 

Betty D. Maxfield 
Project Director 

Comprehensive Survey of Doctorate Recipients 
Commission on Human Resources 
NATIONAL RESEARCH COUNCIL 

NATIONAL ACADEMY OF SCIENCES 
Washington, D.C. 1979 

NAS-NAE 

JUN 1 8 1979 

LIBRARY 

Copyright © National Academy of Sciences. All rights reserved.

The Effects of Nonresponse Bias on the Results of the 1975 Survey of Doctoral Scientists and Engineers
http://www.nap.edu/catalog.php?record_id=19876

http://www.nap.edu/catalog.php?record_id=19876


./ 

Copyright © National Academy of Sciences. All rights reserved.

The Effects of Nonresponse Bias on the Results of the 1975 Survey of Doctoral Scientists and Engineers
http://www.nap.edu/catalog.php?record_id=19876

http://www.nap.edu/catalog.php?record_id=19876


ACKNOWLEDGMENTS 

This report is based on the results of the 1975 
Survey of Doctoral Scientists and Engineers and the Non­
response Bias Survey, which were conducted under the 
auspices of the Commission on Human Resources {CHR) of the 
National Research Council. The National Science Founda­
tion provided support for this project, and additional 
support from the National Institutes of Health made 
possible the augmentation and maintenance of the data 
base on the survey sample in the biomedical sciences. 

Andrew W. Spisak, as principal investigator, devel­
oped the methodology for the study, drafted the report, 
and was responsible for incorporating reviewers' 
suggestions. Betty D. Maxfield, director of the Compre­
hensive Survey of Doctorate Recipients, assisted with 
the report and provided suggestions for revision. 
Benjamin Tepping, statistical consultant to the project, 
advised the project staff on survey design and sampling 
error calculations. 

William C. Kelly, director of the Commission on 
Human Resources, and Dorothy Gilford, director of Human 
Resources Studies, provided administrative assistance and 
policy guidance. Lyle V. Jones served as principal re­
viewer for the Commission. J. James Brown of the National 
Science Foundation's Division of Science Resources Studies 
served as the staff officer at the Foundation. 

Doris Rogowski supervised the activities of the CHR 
Supporting Services office. George Boyce, Edward J. Finan, 
and Donald G. Wharton of the CHR Data Processing office 
performed the data processing activities associated with 
the project. Special thanks go to Roberta Douglas, project 

i i 1 

Copyright © National Academy of Sciences. All rights reserved.

The Effects of Nonresponse Bias on the Results of the 1975 Survey of Doctoral Scientists and Engineers
http://www.nap.edu/catalog.php?record_id=19876

http://www.nap.edu/catalog.php?record_id=19876


secretary, for her preparation of the report and to Sandra 
McDowell, Eileen Milner, Lori Thurgood, and Mary Wanyoike 
for their diligent work in locating and contacting sample 
members. 

Appreciation goes to the many members of the scien­
tific and engineering communities who helped in obtaining 
current mailing addresses for the survey sample. They 
include representatives of professional societies; grad­
uate deans; academic department chairpersons; alumni 
office personnel; and officials in business, industry, and 
government. 

The doctorate recipients who responded to the 1975 
Survey of Doctoral Scientists and Engineers or to the 
Nonresponse Bias Survey deserve much gratitude for the 
cooperation and assistance that n1ade this report possible. 

Betty D. Maxfield 
Director 
Comprehensive Survey of 

Doctorate Recipients 

iv 

Copyright © National Academy of Sciences. All rights reserved.

The Effects of Nonresponse Bias on the Results of the 1975 Survey of Doctoral Scientists and Engineers
http://www.nap.edu/catalog.php?record_id=19876

http://www.nap.edu/catalog.php?record_id=19876


CONTENTS 

Highlights ......•......•.......................... v11 

Introduction .....................................• 

Chapter I - 1975 Survey of Doctoral Scientists and 
and Engineers . . . . . . . . . . • . . . . . • . . • . . . . . 3 

Chapter II- Nonresponse Bias Study ....•.......... 9 

Chapter III - Analysis of Employment Characteristics 15 

Chapter IV - Analysis of Demographic Characteristics 27 

Chapter V- Conclusions ........................... 33 

Appendix A: 

Appendix B: 

Appendix C: 

APPENDICES 

Questionnaire and Specialties List for the 
1975 Survey of Doctoral Scientists and 
Engineers . . . . . • . . . . . . . . . . . • . . . • . . • . . . 37 

Questionnaire and Cover Letters for the 
Nonresponse Bias Survey .............. 43 

Weighting Procedure .................. 49 

Appendix D: Sampling Error Estimates ............. 53 

v 

Copyright © National Academy of Sciences. All rights reserved.

The Effects of Nonresponse Bias on the Results of the 1975 Survey of Doctoral Scientists and Engineers
http://www.nap.edu/catalog.php?record_id=19876

http://www.nap.edu/catalog.php?record_id=19876


Copyright © National Academy of Sciences. All rights reserved.

The Effects of Nonresponse Bias on the Results of the 1975 Survey of Doctoral Scientists and Engineers
http://www.nap.edu/catalog.php?record_id=19876

http://www.nap.edu/catalog.php?record_id=19876


HIGHLIGHTS 

The results of the nonresponse bias study for 
selected variables are summarized in the following table. 
Generally, revised estimates of demographic and employ­
ment characteristics based on data for both respondents 
and nonrespondents compare favorably with estimates based 
solely on responses to the 1975 Survey of Doctoral Scien­
tists and Engineers. 

Comparison of Selected Statistics for U.S. 
Science/Engineering Ph.D.'s, Summarized 

Revised 
Estimatell 

Total 
Population 262,942 
Labor Force 247,561 

% 
U.S. Science/Engineering Labor Force: 

Unemployed and Seeking Employment 1.1 
Total Employed by Field: 

Mathematics 8.2 
Physics/ Astronomy 7.6 
Chemistry 11.3 
Earth, Environmental, and Marine Sciences 4.0 
Engineering 15.2 
Life Sciences 24.6 
Psychology/Social Sciences 22.6 

Full-Time and Part-Time Employed Working in: 
Business and Industry 27.7 
Educational Institution 54.7 
Gowmment 10.4 

Full-Time and Part-Time Employed Engaged in: 
Teaching 36.9 
Reaearch and Development 30.7 
Manqement and Administration 19.0 

U. S. Science/Engineering Population: 
Male 87.8 
Female 12.2 

8Baaed on results of the 1975 Survey of Doctoral Scientists and Engineen and the 
Nonreaponse Bias Study. 

bNational Research CouncU, Commilalon on Human Resources, Doctoral Sclenti3t:J 
and Engtneen In the United States: 197S Profile (Washington, D.C. : National Acad· 
emy of Sciences, 1976). 

vii 

Previously 
Published 
Estimateb 

Total 
279,351 
265,534 

% 

1.0 

6.4 
6.8 

12.6 
4.6 

15.8 
24.7 
22.9 

25.9 
51.1 
10.0 

36.8 
29.8 
20.8 

90.6 
9.4 
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INTRODUCTION 

In 1975 the Commission on Human Resources-National 
Research Council (CHR-NRC) conducted the second survey in 
a series of biennial surveys of a sample of Ph.D.-level 
scientists and engineers. The 1975 Survey of Doctoral 
Scientists 1 and Engineers, sponsored by the National 
Science Foundation (NSF) and the National Institutes of 
Health (NIH), provided data that, when projected to the 
population, yielded information about the employment and 
demographic characteristics of Ph.D. scientists and engi­
neers in the United States. The results of a survey that 
achieves less than complete coverage of the sample are 
subject to nonresponse bias. If respondents and non­
respondents differ in the characteristics being studied, 
such bias may affect statistical results. This report 
analyzes the effects of bias due to nonresponse on the 
1975 survey data reported in previous NRC publications. 2 ' 3 

1Throughout this study, the population of doctoral scien­
tists is defined as those with doctorates in the natural 
and social sciences and mathematics. A detailed list of 
fields (the Degree and Employment Specialties list) appears 
as part of the survey questionnaire reproduced in Appendix 
A. 
2 National Research Council, Commission on Human Resources, 
Doctoral Scientists and Engineers in the United States: 
1975 Profile {Washington, D.C.: National Academy of 
Sciences, 1976). 

3National Research Council, Commission on Human Resources, 
Employment Status of Ph.D. Scientists and Engineers: 1973 
and 1975 {Washington, D.C.: National Academy of Sciences, 
1976). 

1 
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CHAPTER I 

1975 SURVEY OF DOCTORAL SCIENTISTS AND ENGINEERS 

Sampling Frame and Sample 

The 1975 sample was drawn from the Roster of Doctoral 
Scientists and Engineers, which the National Research 
Council compiled from its Doctorate Records File, the NSF's 
National Register of Scientific and Technical Personnel, 
and other sources such as professional directories and 
catalogs of doctorate-granting institutions. The roster 
contained data on 314,002 individuals who either received 
doctorates in science or engineering between January 1, 
1930, and June 30, 1974, or received Ph.D.'s in other 
fields during the same period and were subsequently employed 
in science or engineering. 

The roster has several components of varying degrees 
of completeness. Virtually all of those awarded doctorates 
in science or engineering from United States institutions 
were included. A second segment consists of individuals 
who earned doctoral degrees from foreign institutions. 
No comprehensive sampling frame exists for foreign-earned 
doctorates in the United States. However, some additions 
were made to the 1975 sample, using college catalogs, 
national laboratories, and corporations as sources. A 
third component is the group of nonscience/nonengineering 
Ph.D. recipients working in science or engineering. Some 
10,000 were included in 1975, approximately three percent 
of the roster. 

The sample was stratified by field of science/engi­
neering degree or field of science/engineering employment, 
year of award of the doctoral degree, degree category 
(i.e., recipients of science/engineering doctorates from 
United States institutions; recipients of nonscience/non-

3 
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engineering doctorates from United States institutions, who 
subsequently switched to science or engineering fields; and 
recipients of doctorates from foreign institutions), sex, 
and racial-ethnic identification (for fiscal year 1973 and 
1974 Ph.D. •s only). 

A variable sampling rate, ranging from 7 to 100 
percent, was set for each cell in a matrix of the five 
stratifying variables described above, to provide samples 
large enough to yield reliable estimates for certain sub­
groups of the population (e.g., women, racial minorities, 
and older people). Within each cell a simple random 
sample was selected. Sample sizes for combined strata 
appear in Table 1. The 1975 sample consisted of 66,779 
individuals, who represented a population of 313,992 
Ph.D.'s ... 

Survey Procedures 

Previous studies and address searches revealed that 
of the original 66,779 individuals in the 1975 sample, 
3,415 were deceased or were outside the scope of the survey. 
Consequently, no survey questionnaires were mailed to 
these former participants. (An individual is considered 
out-of-scope if he or she (1) holds a doctorate in a 
nonscience/nonengineering field and works in a nonscience/ 
nonengineering position; or (2) holds a Ph.D. from a 
foreign institution, is a foreign citizen, and resides in 
a foreign country.) Thus, the survey sample consisted of 
63,364 individuals. 

The initial mailing was conducted in late May 1975, 
with two follow-up mailings in July and November 1975. 
The second follow-up mailing excluded individuals with 
foreign addresses except for those persons for whom new 
addresses had been secured. Survey data were published on 
responses received through March 31, 1976. 

4 Based on updated information, ten individuals were re­
assigned to six new strata prior to the 1975 survey. Be­
cause new samples were selected only from those strata 
comprising Ph.D. recip,ients who earned their degrees during 
the two years following the 1973 survey, these six strata 
were excluded from the sample selection process. This 
exclusion accounts for the difference between the roster 
total (314,002} and the total population represented 
(313 ,992). 4 
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Response Rates 

Of the 63,364 individuals in the survey sample, in­
forn~tion was collected on 43,821, yielding a response 
rate of 69.2 percent. The 43,821 respondents represented 
74.6 percent of those who were presumed contacted (58,780). 
Responses were defined as not only completed questionnaires 
(43,442), but also information about individuals found to 
be deceased (379). Response rates for aggregate categories 
of the stratifying variables are provided in Table 1. 

Among the science and engineering fields, response 
rates ranged from 65.0 percent for social scientists to 
73.4 percent for earth scientists. Response rates were 
generally lower for recent Ph.D. recipients. The response 
rate for individuals who had earned doctorate degrees at 
foreign institutions was nine percentage points below the 
rate for Ph.D. recipients from U.S. universities. The 
difference is only two percentage points when the number 
of respondents is expressed as a percentage of the number 
of individuals who were presumed contacted. A lower pro­
portion of minorities responded to the survey (57.3 percent 
of the sample) compared with nonminorities (69.6 percent). 
Nearly equal percentages of men and women, however, partic­
ipated in the survey. 

Data were not collected for three categories of sample 
members: those who refused to participate in the study 
(375); those for whom no valid addresses could be located 
(4,584); and those who were presumably contacted but failed 
to respond to the survey (14,584). These three types 
of nonrespondents, potential sources of bias in the survey 
results, are the subject of this report. 

5 
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TABLE 1 Population, Sample, and Response Rates for the 1975 Survey of Doctoral Scientists and Engineers 

Total Surveyc Survey Survey i-f on- No Response Ratesd 
Population• Sample lnactiveb Sample Response Deceased Response Refused Address (A) (B) 

(N) (N) (N) (N) (N) (N) (N) (N) (N) (%) (%) 

TOTAL 313,992 66,779 3,415 63,364 43,442 379 14,584 315 4,584 69.2 74.6 

en Field of Ph.D./Employmente 
Mathematics 18,645 5,011 325 4,686 3,146 27 1,191 34 288 67.7 72.1 
Physics/ Astronomy 27,936 5,810 216 5,594 3,797 28 1,346 33 390 68.4 13.5 
Chemistry 47,276 8,821 370 8,451 5,920 47 1,771 47 666 70.6 76.6 
Earth Sciences 9,159 2,194 103 2,091 1,520 IS 415 -19 122 73.4 78.0 
EqineerJna 45,229 1,352 175 7,177 4,830 31 1,699 31 586 67.7 73.8 
Ufe Sciences 79,409 19,433 713 18,720 13,252 119 3,976 96 1,277 71.4 76.7 
Psychology 36,190 7,910 518 7,392 5,034 49 1,735 43 531 68.8 74.1 
Social Sciences 48,275 9,397 768 8,629 S,SS8 ss 2,321 65 630 65.0 70.2 
Nonsc:i.{Nonengr./Unknown 1,273 851 227 624 385 8 130 7 94 63.0 . 74.2 

Year of Doctorate 
CY1930-1949 39,292 9,292 1,296 7,996 5,476 200 1,631 66 623 71.0 77.0 
CY19SO-FY1961 73,746 14,824 832 13,992 9,910 86 3,104 106 786 71.4 75.7 
FY1962-1969 101,851 23,399 993 22,406 15,212 60 5,336 151 1,647 68.2 73.6 
FY1970-1972 59,367 11,284 265 11,019 7,613 20 2,577 37 772 69.3 74.5 
FY1973-1974 39,051 7,666 6 7,660 5,112 13 1,829 11 695 66.9 73.6 
Unknown 685 314 23 291 119 -- 107 4 61 40.9 51.7 
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......, 

Ph.D. Institution 
u.s. 301,431 61,453 3,152 58,301 40,396 345 13,477 311 3,772 69.9 74.7 
Foreign 12,561 5,326 263 5,063 3,046 34 1,107 64 812 60.8 72.4 

Sex 
Male 284,719 53,352 2,691 50,661 34,833 316 11,661 309 3,542 69.4 74.6 
Female 29,273 13,427 724 12,703 8,609 63 2,923 66 1,042 68.3 74.4 

Raoe/Ethnic Groupf 
Minority Group 4,428 2,223 2 2,221 1,270 3 727 1 220 57.3 63.6 
White/Unknown 309,564 64,556 3,413 61,143 42,172 376 13,857 374 4,364 69.6 74.9 

1Population figures are provided for aggregate strata for each of the five stratifying variables. The sample was selected from 1,127 strata, containing a total popu· 
lation of 313,992. 

bThe inactive category consists of penons known to be deceased or out-of-scope prior to the 1975 survey. The out-of-scope classification was asaigned to any 
1973 survey respondent who indicated that he or she: I) holds a doctorate in a nonsciencefnonengineering field and works in a nonsciencefnonengineering 
position, or 2) holda a Ph.D. degree earned at a foreign institution, is a foreign citizen, and resides in a foreign country. 

CThe survey sample consists of the total sample minus the inactive cases . 

dResponse rate "A" is the number of 1975 survey respondents plus survey deceased divided by the survey sample. Response rate "8" is the number of 197S 
survey respondents plus survey deceased divided by the number assumed to have been contacted, i.e, the survey sample minus those for whom no valid ad· 
dresses could be obtained. 

eSample memben who earned doctorates in science or engineering were stratified by field of degree. Those with doctorates in the humanities, education. ur pro· 
fesaional fielda who were identified as working in science or enpneering were stratified by field of employment. 

fRacefethnic data were available from the NRC's Doctorate Recorda File beginning with FY1973 I'll. D. recipients. Therefore, few sample memben could be 
classified prior to the 1975 survey. 
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CHAPTER II 

NONRESPONSE BIAS SURVEY 

Error in Sample Estimates 

Estimates based on a sample are subject to two types 
of errors--sampling and nonsampling. Sampling error 
measures the precision with which an estimate based on a 
particular sample approximates the average result obtained 
from all possible samples of equal size. Nonsampling error 
can arise from a number of sources, including misinterpre­
tation of survey questions, errors in coding and processing 
of responses, incomplete sampling frame, and bias due to 
nonresponse. 5 

The effects of nonresponse bias can be evaluated in 
a number of ways. For example, bias can be investigated 
by comparing the characteristics of respondents to the 
first survey mailing with those of respondents to follow­
up mailings. 6 If the respondents to subsequent mailings 
report a greater proportion of unemployment than the re­
spondents to the initial mailing, for example, bias with 
respect to employment status data could be inferred but 
could not be measured. Another approach is to assume 
that either all or none of the nonrespondents possess the 
particular characteristic being estimated. Weighting for 

5Marie E. Gonzales et al., "Standards for Discussion and 
Presentation of Errors in Survey and Census Data," Journal 
of the American Statistical Association, 70, Part II, 1975, 
pp. 5-23. 

6National Research Council, Commission on Human Resources, 
An Evaluation of the 1973 Surve of Doctoral Scientists and 
En ineers Washington, D.C.: National Academy of Sciences, 
1976 . 

9 
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the proportion of survey response will provide the bounds 
of maximum bias due to nonresponse. 7 

Both of the foregoing techniques have obvious disad­
vantages. The first approach makes inferences about the 
nonrespondents from the behavior of respondents, whereas 
the second approach assumes an arbitrary and empirically 
unsubstantiated outcome. Neither strategy is based on 
direct observation of the nonrespondents. In this study, 
data were collected for every individual in a subsample 
of 200 nonrespondents. Next, estimates for a number of 
demographic and employment characteristics were computed, 
on the basis of information about the respondents and 
nonrespondents. Finally, these estimates were compared 
with estimates based solely on responses to the 1975 
survey, to determine whether there were important 
differences that would indicate nonresponse bias. 

Methodology for Collection of Data on Nonrespondents 

Certain demographic data were available for both 
respondents and nonrespondents in the 1975 survey sample, 
or for subgroups of the sample, from sources such as the 
Survey of Earned Doctorates (conducted by the CHR-NRC), 
the 1973 Survey of Doctoral Scientists and Engineers, and 
various directories, bulletins, and reference materials. 
Demographic data on field, year of award of doctorate, 
sex, location of B.S. institution, and location of Ph.D. 
institution were available for virtually the entire sam­
ple. Information on citizenship and age were obtained 
for almost all FY1958-FY1974 Ph.D.'s. Data on racial­
ethnic identification were available for FY1973 and FY1974 
Ph.D.'s only, and analysis of this variable was not possible 
because of the small number of individuals in the non­
response subsample who earned degrees in those years. 

Data on the employment characteristics of the nonre­
sponse subsample were collected by means of a postcard 
questionnaire (see Appendix B). The requested information 
included employment status, type of employer, primary 
work activity, field of employment, and place of residence. 

7William C. Cochran, Sampling Techniques (New York: John 
Wiley & Sons, Inc., pp. 361-362. 

10 
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Only a few variables were selected, to limit the size of 
the questionnaire and, therefore, encourage individuals 
to respond. The selected questions were viewed as the 
most important items for which 1975 survey data were 
published. (Salary data, which might be a good measure 
of bias, were not collected. It was believed that the in­
clusion of such a sensitive item might discourage response.) 
All questions related to employment as of February 1975-­
the period with which the original survey was concerned. 

The size of the subsample for the nonresponse bias 
study (200 individuals) was limited by the resources 
available to the project. A thorough analysis of non­
response bias requires that data be obtained for virtually 
all individuals selected for the survey. The relatively 
large sampling errors associated with population estimates 
based on 200 observations presented limitations, which 
affected the design of this study. 8 For example, analyses 
have been restricted to comparisions of respondents and 
nonrespondents in terms of single variables. Multivariate 
analyses would create numerous small subgroups and are, 
therefore, not included in the report. 

Sampling errors of the estimated differences between 
respondents and nonrespondents are presented in each 
analytical table to allow the reader to evaluate the pre­
cision of the statistics. In addition, 95 percent confi­
dence intervals have been constructed for the revised 
estimates. The procedures used in weighting the 1975 
survey sample and the nonresponse bias survey subsample 
and in estimating sampling errors are documented in Appendices 
C and D. 

The stratified random subsample of 200 cases was se­
lected from the 19,543 individuals for whom no data were 
collected in the 1975 survey (i.e., those who refused to 
participated in the survey, did not respond, or for whom 
no addresses were available). Eight subsample strata were 
defined in terms of field (field of Ph.D. for those with 
science or engineering doctorates, field of employment for 
nonscience or nonengineering Ph.D. recipients) and type of 

8 For example, the sampling error of a proportion of .5, 
estimated from 200 observations, is .0354. To reduce 
the sampling error by 50 percent, to .0177, a sample 
size of BOO would be required. 

11 
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nonresponse, with an approximate sampling rate of one percent. 
The number of individuals in the 1975 sample who satisfied 
the nonresponse study strata definition (n) and the number 
of cases selected for the nonresponse bias survey subsample 
(n) are given in Table 2. 

TABLE2 Nonresponse Bias Survey Subsample by Strata 

Stratum• n il 

Nonrespomeb /Refu~ed 
Mathemati<:s/Phylical Sciences 4,856 so 
Engineering 1,730 18 
Life Sciences 4,072 41 
Social Sciences/Other 4,301 44 

NoAddre11 
Mathemati<:s/Phylical Sciences 1,466 1S 
Engineering S86 6 
Life Sciences 1,277 13 
Social Sciences/Other 1,2SS 13 

Total 19,543 200 

1 The etratlfyiDa vadabl• are type of noarwponae and field, which Ia defined by comblnlnc etnta 
from the 1975 •mple. 

bThoee wbo were pr-med contacted and did not r.pond. 

Mailing Techniques 

Before the first mailing of the postcard questionnaire, 
an intensive address search was initiated for individuals 
for whom no valid addresses were on file. In addition, 
address searches were conducted concurrently with the survey 
for a relatively large proportion of the subsample members, 
whose most recent addresses on file proved to be invalid. 
Numerous address sources were consulted, including the 
alumni offices of the individual's B.A., M.A., and Ph.D. 
institutions; dissertation advisors; former employers and 
colleagues; relatives; professional societies; numerous 
directories and catalogs; and publication abstracts. 

Between May 1977 and June 1~78, survey information 
was obtained for all 200 cases through four mailings, one 
telephone survey, contacts with relatives or colleagues, 
and library searches of biographic data and recent publi­
cation information. 

12 
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Various mailing techniques were used in the study. 
The first mailing consisted of a double postcard; half 
contained a brief explanation of the study, and the 
other half comprised the five-item questionnaire. For the 
second and third mailings, an individually addressed cover 
letter accompanied the questionnaire. The cover letter 
provided a detailed description of the survey and stressed 
the importance of the individual's response to the success 
of the study. For the fourth mailing, cover letters were 
developed to appeal to both groups--those individuals with 
U.S. addresses and those with foreign addresses. Refer to 
Appendix B for the texts of the cover letters. 

In all four mailings, the NRC provided return postage 
for individuals with U.S. addresses. International reply 
coupons were sent to the subsample members with foreign 
addresses in the fourth mailing. All letters in the fourth 
mailing were sent by certified mail. 

Weighting and Sampling Error 

Statistics in this report are weighted estimates based 
on sample observations. Sample weights were computed by 
strata and assigned to all members of the 1975 survey sample. 
The 200 nonresponse sample cases were weighted to equal the 
product of a subsample weight and sample weight computed 
for each of the eight strata defined in the study. To 
eliminate the task of rounding fractional estimates of 
totals, fractional weights were converted to integer weights 
and were randomly assigned to represent the stratum popu­
lation. A detailed description of the weighting procedure 
and an example of the random assignment process are provided 
in Appendix C. 

Standard errors were estimated for all statistics 
presented in this report. Confidence intervals are pre­
sented in the form g ± (1.96 S.E. (s}}, where~ is an esti­
mate and S.E. (g) is its standard error; 95 percent of such 
intervals would include the average value of the estimate 
obtained from all possible samples of the same design and 
size. Appendix D contains a detailed explanation of the 
method for computing sampling errors. 
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CHAPTER III 

ANALYSIS OF EMPLOYMENT CHARACTERISTICS 

On the basis of responses to its 1975 survey, the 
Commission on Human Resources-National Research Council 
published analyses of the employment characteristics of 
doctoral scientists and engineers in the United States . 9 

Population estimates based on sample observations were 
weighted on the assumption that the employment charac­
teristics of the nonrespondents were the same as those 
of the respondents. The validity of this assumption is 
doubtful; therefore, it is necessary to examine the 
possibility that biases may have arisen in the data be­
cause of less than complete coverage of the sample. 

This section examines possible biases in estimates 
of variables such as the sizes of the U.S. doctoral 
science and engineering population and labor force, and 
distributions of Ph . D. scientists and engineers in the 
United States by employment status, type of employer, 
primary work activity, and employment field. Figure 1 
illustrates the relationship among the population sub­
groups that are analyzed. Estimates, based on data from 
1975 survey respondents plus the nonresponse bias sample, 
are compared with 1975 survey statistics, which were 
adjusted for nonresponse. Bias is investigated by evaluat­
ing the importance of the differences between the two 
estimates. 

9 National Research Council, Commission on Human Resources, 
Doctoral Scientists and Engineers in the United States: 
1975 Profile (Washington, D.C.: National Academy of Sciences, 
1976). 
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U.S. Doctoral Science and Engineering Population 

Survey respondents were included in the population 
if they (1) had earned a doctoral degree in science or 
engineering between January 1, 1930, and June 30, 1974 or 
(2) had earned a nonscience or nonengineering degree during 
the same period but were employed in science or engineering 
in 1975. Only persons who resided or were employed in the 
United States during 1975 were included. Respondents having 
nonscience or nonengineering doctorates and working in non­
science or nonengineering fields in 1975 were excluded from 
the population estimate. On the basis of the 1975 survey 
responses, the doctoral science and engineering population 
in the United States in 1975 was estimated at 279,351 
(±1,174). 10 

Data collected in the nonresponse bias study were used 
to construct a revised estimate of the U.S. science and 
engineering population. The number of individuals in the 
nonresponse bias study subsample who satisfied the criteria 
stated above for inclusion in the population (that is, holding 
a Ph.D. in science or engineering earned between January 1, 
1930, and June 30, 1974, or holding a nonscience or non­
engineering Ph.D. but employed in science or engineering, 
and residing or employed in the United States during 1975) 
was inflated to equal the population they represented. 11 

To this figure was added the number of 1975 survey respon­
dents who satisfied the population criteria, inflated by 
their sample weights (unadjusted for nonresponse). 

The revised population estimate of 262,942 (±1,892) 
(Table 3) is nearly six percent lower than the estimate 
of 279,351 that was based on responses to the 1975 survey 
and indicates a nonresponse bias in the original estimate. 
Table 3 compares the response and nonresponse groups by the 
criteria used to define the population. Whereas 92.5 (±0.3) 
percent of the respondents were part of the U.S. science/ 
engineering population, only 74.0 (±6.2) percent of the non­
respondents satisfied the criteria for inclusion in that 
population. Similarly, although only 6.2 (±0.2) percent 

1 0Ibid., p. 7 
11 Refer to Appendix C for 1975 weighting procedures. 
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of the 1975 respondents were foreign located, results of the 
nonresponse survey show that as many as 23.0 (±6.0) percent 
were located outside the United States. The difference of 
16.8 (±6.0) percent between the two groups resulted in an over­
estimation of the U.S. science and engineering population. 

TABLE 3 Population Classification of Respondents and Nonrespondents, 1975 

1975 Profile 
A B A&B Report 

Respondents• ~~Jl!!~Pondents~ S.E.(A-B)C TotaJd Statistics 

Population 211,187 91,296 302,483 e 

% N % N % % N N 
U.S. Science/ 

Engineering 92.5 (195,391) 74.0 (67 ,55 1) 3.2 86.9 (262,942) 279,351 
U.S. Nonscience/ 

Nonengineering 0.4 (924) 1.0 (882) 0.7 0.6 (1,806) e 
Foreign Located 6.2 (13,153) 23.0 (21,010) 3.0 11.3 (34,163) e 
Deceased 0.8 (1 ,719) 2.0 (1,853) 1.0 1.2 (3,572) e 

•Population estimates b-d on data ford ftiiPOndeota to the 1975 1urvey (N = 43,821). 

bPopulation estimates b-d on data for d memben of the nonrespo111e btal 1urvey aublample 
(N = 200). 

CSampUns enon of differences between the ftiiPODdenta and the DODJellpondenta. See Appendix D 
for fonnuiL 

d&timates ~don resp0111e and nonre~po111e poup data combined. See Appendix D for ratio 
and IIIIRPUnl error fonnulu. 

eThe 1975 Profile report lnduded estimates for the U.S. aclence and ensineerinl population only. 

The low response rate of Ph.D.'s located abroad may 
have occurred because the 1975 survey emphasized the employ­
ment characteristics of the doctoral population located 
in the United States. Another possible cause of under­
estimating the number of foreign located Ph .D.'s is that 
most sample members with foreign addresses were eliminated 
from the third mailing of the 1975 survey, when more inten­
sive follow-up efforts were focused on the U.S. address 
group. The overall survey response rate increased between 
the second and third mailings by approximately eight per­
centage points, from 61.1 to 69.2 percent. Because the 
weighting procedure assumed no differences between respondents 
and nonrespondents, a greater response by the U.S. portion of 
the sample would result in an overestimation of that group. 

Although based on a small number of observations, 
estimates in Table 3 for the percentages of deceased in­
dividuals and persons in the nonscience/nonengineering 
segment of the population are similar for both respondents 
and nonrespondents. Of the respondents, 0.8 (±0.08) percent 
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were deceased compared with 2.0 (±2.0) percent of the 
nonrespondents. For the response group 0.4 (±0.04) percent 
were classified as nonscience/nonengineering in their fields 
of Ph.D. and employment versus 1.0 (±1.0) percent for the 
nonresponse group. Because of these relatively small 
differences, it appears that estimates for these two cate­
gories are not substantially affected by nonresponse bias. 

Employment Status 

The employment status of the U.S. doctoral science 
and engineering population is presented in Table 4. The 
percentages for the response and nonresponse groups are 
similar for most employment categories. The largest 
difference is between the percentages of respondents and 
nonrespondents who were employed full-time, 7.3 (±6.2) 
percentage points. This difference suggests a possible 
bias attributable to nonresponse. 

TABLE 4 Employment Status of Respondents and Nonrespondents in the U.S. 
Doctoral Science and Engineering Population, 1975 

Employment 
Status 

A B A&B 
Respondents• Nonrespondentsb S.E. (A-B)C Totatd 

U.S. Science/ 
Engineering 
Population 195,391 

% 
Full-Time Employed 88.4 
Part-Time Employed 2.7 
Postdoctoral Appointment 3.0 
Unemployed and Seeking 

Employment 0.9 
Not Employed and Not 

Seeking Employment 0.9 
Retired and Not Employed 3. 7 
Other 0.2 
No Report 0.2 

67,551 

% 
81.1 
4.6 
4.2 

1.5 

3.2 
4.6 

e 
0.7 

262,942 

% % 
3.2 86.5 
1.7 3.2 
1.6 3.3 

1.1 1.1 

1.4 1.5 
1.7 3.9 

0.1 
0.7 0.3 

1975 Profile 
Report 
Statistics 

279,351 

% 
88.4 

2.7 
3.0 

0.9 

0.9 
3.7 
0.2 
0.2 

•Population estimates baaed on data for those respondents to the 197 5 survey who were part of 
the U.S. doctoral science and engineering population 1n 1975 (N=40,250). 

bPopulation eatimates baaed on data for those members of the nonresponae billa survey subaample 
who were part of the U.S. doctoral science and engineering population in 1975 (N=148). 

CSampllng erron of differences between the respondents and the nonreapondenta. See Appendix D 
for formula. 

d&timates baaed on response and nonreaponse group data combined. See Appendix D for ratio 
and variance formulas. 

eNo sample memben 1n this category. 
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The revised statistic of 86.5 {±1 . 6) percent who were 
full-time employed compares with the published figure of 
88.4 percent. 12 Although the published estimate was 
affected by nonresponse bias, the overestimation of the 
percentage of doctoral scientists and engineers in the U.S. 
employed full-time was evidently small. 

The data in Table 4 show that somewhat higher per­
centages of nonrespondents reported other than full-time 
employment, although for most categories the sampling 
errors are rather large relative to the estimated differ­
ences. 

labor Force and Unemployment Rate 

The labor force consists of individuals who are 
full-time or part-time employed, on postdoctoral appoint­
ments, or unemployed and seeking work. The number of 
doctoral scientists and engineers in the U.S. labor force 
in 1975, estimated from the 1975 survey data, was 
265,534 {±1,172). 13 The revised estimate, which includes 
data from the nonresponse bias survey, is 247,561 {±1,741) 
{Table 5). This lower labor force estimate is consistent 
with the preceding analysis, which indicated that published 
figures overestimated the size of the U.S. science and 
engineering population in 1975 because of the nonresponse 
bias favoring U.S. residents. 

The estimated percentage of Ph.D.'s employed full-time 
is 91.9 {±1.3) percent compared with 93.0 percent reported 
in the 1975 Profile, 14 an insubstantial difference. There 
is also good agreement between the new estimates and those 
previously published concerning part-time employed, 3.4 {±0.9) 
percent, and those on postdoctoral appointments, 3.6 {±0.8) 
percent . The statistics computed for 1975 respondents fall 

12 National Research Council, Commission on Human Resources, 
Doctoral Scientists and En ineers in the United States: 1975 
Profile Washington, D.C.: National Academy of Sciences, 
1976), p. 12. 
I 3 

Ibid., p. 29. 
14Ibid., p. 29. 
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TABLES Employment Status of Respondents and Nonrespondents in the U.S. 
Doctoral Science and Engineering Labor Force, 1975 

1975 Profile 
Employment A B AAB Report 
Statua Reapondenta1 \ Nonreapondentab S.E. (A-B)C Totald Statiatica 

U.S. Science/ 
Enl!neertna 
Labor Force 185,781 61,780 247,561 265,534 

'Jii 'Jii 'Jii 'Jii 'Jii 
Employed Full-Time 93.0 88.7 2.7 91.9 93.0 
Employed Part· Time 2.9 s.o 1.9 3.4 

6.00 Postdoctoral Appointment 3.2 4.6 1.7 3.6 
Unemployed and Seeking 

Employment 1.0 1.6 1.2 1.1 1.0 

•Population estimatea baaed on data for those reapondenta to the 1975 survey wbo were part of 
the U.S. doctoral science and enlineerlnslabor force in 1975 (N=37,751). 

bPopulation eatimatea baed on data for those memben of the nonre1ponse bill 1urvey 1ublample 
wbo were part of the U.S. doctoral science and enpneerlnslabor force In 1975 (N=135). 

cs.mpllns erron of dlfferencea between the reapondenta and the nonreapondenta. See Appendix D 
for formula. 

dEatimatea baaed on reapoRIO and nonreapoRIO sroup data combined. See Appendix D for ntlo 
and sampllns error formulu. 

eReapondenta wbo were employed part·time or who held p01tdoctoral appolntmenta were com· 
blned In the 197.5 Profile report. 

within half a percentage point of the figures that include 
information on nonrespondents. 

The unemployment rate, the ratio of the number of 
individuals who are employed and seeking work to the total 
labor force, is a statistic of special interest. The un­
employment rate for the total doctoral science and engi­
neering labor force, which takes into consideration both 
the response and nonresponse groups, is 1.1 (±0.6) percent 
compared with an estimated 1.0 (±0. 1) percent for the 
respondents to the 1975 survey. 15 The small difference 
between the unemployment statistics is evidence that the 
1975 published data were not appreciably affected by 
nonresponse bias. 
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Field of Employment 

The employment fields of respondents and nonrespondents 
as percentages of the. total employed are shown in Table 6. 
For all fields, differences between estimates based on 
response and nonresponse data and statistics published in 
1975 are small. The largest estimated difference occurs 
for mathematics. The 1975 Profile reported that 6.4 
percent of the U.S. science and engineering population were 
working in this field, compared with a revised estimate of 
8.2 (±1.4) percent. 16 Although the estimate for the com-

TABLE 6 Field of Employment of Respondents and Nonrespondents Employed in the 
United States, 1975 

B 1975 Profile 
Employment A Non· A&.B Report 
Field Respondents& respondentsb S.E. (A-B)C TotaJd Statistics 

Total Employed 184,010 60,786 244,796 262,991 

% % % % % 

Mathematics/Physical Sciences 30.7 32.3 3.3 31.1 30.4 
Mathematics 6.3 14.1 3.0 8.2 6.4 
Physics/ Astronomy 6.7 10.3 2.5 7.6 6.8 
Chemistry 12.9 6.5 2.1 11.3 12.6 
Earth, Environmental &. 

Marine Sciences 4.8 1.5 1.0 4.0 4.6 
Engineering 15.1 13.7 2.6 15.2 15.8 
Life Sciences 25.3 22.6 2.5 24.6 24.7 

Agricultural s.o 1.3 1.0 4.1 s.o 
Medical 5.2 4.0 1.5 4.9 S.l 
Biological IS. ! 17.2 2.6 15.6 14.6 

Psychology /Social Sciences 22.1 23.9 2.5 22.6 22.9 
PSYchology 10.9 12.3 2.6 11.2 11.0 
Social Sciences 11.2 11.6 2.5 11.3 11.9 

Nonscience/Nonengineering 4.9 3.2 1.6 4.5 4.9 
No Report 1.3 4.4 1.8 2.1 1.3 

&Population estimates based on data for those respondents to the 1975 survey who were part of the 
employed U.S. doctoral science and enpneerins population in 1975 (N=37,296). 

bpopulation estimates baaed on data for those memben of the nonresponse bias survey subaample who 
were part of the employed U.S. doctoral science and enpneerins population in 1975 (N=l33). 

CSampllns erron of differences between the respondents and the nonrespondents. See Appendix D for 
formula. 

d&timates based on response and nonresponse group data combined. See Appendix D for ratio and 
variance formulas. 

16Ibid., p. 7. 
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bined response and nonresponse groups is not substantially 
greater than the statistic computed for respondents alone, 
the percentage of employed Ph.D.'s who were working in 
mathematics was probably slightly underestimated due to 
nonresponse bias . 

Similarly, 11.3 (±1.0) percent of the employed Ph . D.'s 
were estimated to be working in chemistry com~ared with 12.6 
percent reported in the 1975 Profile report. 1 The 
difference between the respondents and nonrespondents is 
6.4 (±4.0) percent. Thus, the figure published in 1975 may 
have overestimated the percentage of doctoral scientists 
and engineers employed in chemistry. 

Type of Employer 

Data on type of employer for full-time and part-time 
employed doctoral scientists and engineers are presented 
in Table 7. Postdoctoral appointees have been excluded from 
the analysis, as they were in 1975~ because the overwhelming 
proportion of this group is employed in educational insti­
tutions. 

An estimated 27.7 (±2.0) percent of the full-time and 
part-time employed doctoral scientists and engineers were 
working in business and industry in 1975 compared with 25.9 
percent reported in the 1975 Profile. 18 Educational institu­
tions enployed 54 .7 (±2.·1) percent of the scientists and 
engineers holding Ph.D.'s in the United States, compared 
with 57.7 percent reported in the 1975 published data . 19 

Bias due to nonresponse probably led to a small 
overestimation of the percentage employed by educational 
institutions and a slight underestimation of the business 
and industry category. The bias in favor of educational 
institutions may be related to the fact that fewer address 
sources are available for individuals working in non­
academic employment. 

17 Ibid. , p. 7. 

19 Ibid., p. 15. 

19 Ibid., p. 15. 
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TABLE 7 Type of Employer of Respondents and Nonrespondents Employed in 
the United States, 1975 (Excluding Postdoctoral Appointees) 

1975 Profile 
Type of A B A&B Report 
Employer Respondentsll Noruespondentab S.E. (A-B)C Totatd Statistics 

Total Employed 178,100 57,916 236,016 254,643 

% % % % % 
Business/Industry 26.1 32.6 4.0 27.7 25.9 
Educational Institution 57.4 46.3 4.3 54.7 51.1 
Gowmment 10.1 11.1 2.7 10.4 10.0 
Other 6.2 8.5 2.5 6.8 6.4e 
No Report 0.1 1.5 ).) 0.5 

•Population estimates bated on data for th010 respondents to the 1975 survey who were part of 
the full-time and part-time employed U.S. doctonl science and engineerlDg population in 1975 
(N=35,861). 

bpopulation estimates based on data for th010 members of the nollresponse bias survey aubsample 
who were part of the full-time and part-time employed U.S. doctonl science and engineerlDg popu­
lation in 1975 (N=l26). 

CSampling erron of differences between the respondents and the noruespondenta. See Appendix D 
for formula. 

dEstimates bated on response and noruesponse group data combined. See Appendix D for ratio 
and variance formulas. 

ente "other" and "no report" categories were combined in the 1975 Profile report. 

Primary Work Activity 

With the exception of management and administration, 
differences between the percentages of respondents and 
nonrespondents engaged in various work activities are small 
(Table 8). 

The revised statistic for management and administra­
tion, 19. 0 (±1 . 5) percent, compared with the 1975 Profile 
figure of 20 .8 percent, suggests a bias due to nonresponse. 20 

However, as in other instances, the implications for the 
validity of the previously published data do not appear 
serious. 

2 0 Ibid . , p • 17 . 
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TABLE 8 Primary Work Activity of Respondents and Nonrespondents Employed in 
the United States, 1975 (Excluding Postdoctoral Appointees) 

1975 Profile 
Primary Work A B A&B Report 
Activity Respondents• Nonrespondentsb S.E. (A-B)C TotaJd Statistics 

Total Employed 178,100 57,916 236,016 254,643 

% % % % % 
Teaching 36.6 37.9 4.2 36.9 36.8 
Research and 

De>~elopment 29.8 33.4 4.1 30.7 29.8 
Management and 

Administration 20.9 13.0 3.0 19.0 20.8 
Other 10.3 14.6 3.1 11.3 

12.6e 
No Report 2.4 1.0 1.0 2.1 

•Population estimates based on data for those respondents to the 1975 survey who were part of 
the full-time and part-time employed U.S. doctonl science and en&ineerlna population in 1975 
(N=35,861). 

bpopulation ettlmates based on data for thoae memben of the nonresponse bias survey subsample 
who were part of the fuU-tlme and part-time employed U.S. doctonl science and en&ineerlna popu­
lation In 1975 (N=l26). 

CSampUna erron of differences between the respondents and the nonrespondents. See Appendix 0 
for formula. 

dEatlmates based on response and nonreaponae aroup data combined. See Appendix D for ratio 
and variance formulas. 

eThe "other" and "no report" cateaorles were combined in the 1975 Profile report. 
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CHAPTER IV 

ANALYSIS OF DEMOGRAPHIC CHARACTERISTICS 

Certain demographic data for individuals in the 
sample were available from CHR files prior to the 1975 
survey. With this information, the presence or absence 
of bias was investigated by comparing the estimates of 
the demographic characteristics of respondents and non­
respondents with estimates based only on 1975 survey 
response data. Variables such as sex, calendar year of 

· Ph.D., field of Ph .D. , location of B.S. institution, and 
location of Ph.D. institution were compared (Table 9}. 

Men constituted 87.8 (±1.6} percent of the doctoral­
level science and engineering population in the United 
States compared with 12.2 (±1.6} percent for women . Based 
on the 1975 survey responses, estimates of 90.6 percent 
for men and 9.4 percent for women were reported in the 
1975 Profile. 21 The rather large differences between the 
respondents and nonrespondents indicate a nonresponse 
bias that resulted in an overestimation of the number of 
men and an underestimation of the number of women. 

It is possible, however, that the ~bias~ is actually 
a function of the different sample designs of the 1975 
survey and the nonresponse bias study. Women were sampled 
at higher rates than men in the 1975 survey and thus carried 
lower weights. Because sex was not a stratifying variable 
in the nonresponse bias study subsample, when the original 
strata were aggregated and new weights assigned, the women 
generally received higher (and the men somewhat lower} 
weights than in the 1975 sample. 

21Ibid., p. 11 . 
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TABLE 9 Demographic Characteristics of Respondents and Nonrespondents in the 
U.S. Doctoral Science and Engineering Population, 1975 

1975 Profile 
A B A&B Report 

Respondents• Nonrespondentsb S.E. (A-B)C Totald Statistics 

U.S. Science/ 
Engineering Population 195,391 . 67,551 262,942 279,351 

% % % % % 
Sex 

Male 90.6 79.8 3.2 87.8 90.6 
Female 9.4 20.2 3.2 12.2 9.4 

Cblendlu Yur of Ph.D. 
1930-1939 4.6 4.6 1.7 4.6 4.7 
194o-1949 6.9 6.8 2.1 6.9 6.6 
195o-1959 20.0 14.9 2.9 18.7 19.6 
196o-1969 38.9 45.3 4.2 40.6 39.6 
197o-1974 29.5 27.8 3.8 29.0 29.5 
No Report < 0.1 0.6 0.6 0.2 < 0.1 

FJeld of Ph.D. 
Mathematics/Physical Sciences 33.7 32.7 2.1 33.4 33.4 

Mathematics 5.6 8.1 . 2.1 6.2 5.1 
Physics/ Astronomy 8.9 11.4 2.4 9.5 9.0 
Chemistry 15.9 11.2 2.3 14.7 15.5 
Earth, Environmental, 

& Marine Sciences 3.4 2.0 1.2 3.0 3.2 
Engineering 14.5 14.7 1.7 14.6 14.8 
Life Sciences 26.0 23.8 1.9 25.4 25.2 

Agricultural Sciences 4.7 3.0 1.3 4.3 4.7 
Medical Sciences 2.7 4.1 l.S 3.0 2.6 
Biological Sciences 18.6 16.7 2.2 18.1 17.9 

Psychology /Social Sciences 23.6 24.9 2.2 24.0 24.6 
Psychology 10.4 8.2 2.1 9.9 10.5 
Social Sciences 13.2 16.6 2.4 14. 1 14.1 

Nonscience/Nonengineering 2.1 3.4 l.S 2.4 2.0 
No Report 0.1 0.6 0.6 0.2 < 0.1 

B.S. ln1titution Loet~tion 
United States 90.2 77.4 3.4 86.9 e 
Foreign 8.1 19.1 3.2 11.0 e 
No Report 1.6 3.5 1.6 2.1 e 

Ph.D. lmtttution Loet1tlon 
United States 96.5 94.1 1.8 95.9 96.0 
Foreign 3.5 5.9 1.9 4.1 4.0 
No Report < 0.1 f < 0.1 < 0.1 

•Population estimates baaed on data for those respondents to the 1975 survey who were part of 
the U.S. doc:toralscience and enlineerins population in 1975 (N=40,250). 

bpopulation estimates baaed on data for those members of the nonreaponae bias aurvey aubaample 
who were part of the U.S. doc:toralscience and engineerinJ population in 197 S (N= 148). 

CSamplinJ erron of differences between the respondents and the nonrespondents. See Appendix D 
for fonnulL 

d£atimatea baaed on response and nonreaponae sroup data combined. See Appendix D for ntio 
and variance formula. 

estatlatics for this variable were not published in the 19 75 hofl~ report. 

fLocation of Ph.D. institution ia known for all nonrespondents. 
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This resulted in higher population estimates for 
women and lower population estimates for men. When the 
original 1975 survey sample weights are used, sex differ­
ences between respondents and nonrespondents are negligible, 
as shown later in this chapter. Also, the nearly identical 
response rates to the 1975 survey for men and women (Table 1) 
suggest that the differences reported in Table 9 are the 
result of the different weighting procedures. These pro­
cedures are detailed in Appendix C. 

For calendar year of Ph.D., a somewhat higher esti­
mate is computed from the combined response and nonresponse 
group data for the 1960-1969 cohort, 40.6 (±2.1) percent 
compared with 39.6 percent estimated from the 1975 survey 
response data. 22 However, the difference between the two 
figures does not appear to be a cause for concern. 

Estimates for field of Ph.D. and Ph.D. institution 
location, based on aggregate data for respondents and non­
respondents, vary little from estimates computed from only 
the 1975 survey response data. It is important to add that 
because sex, field and year of doctorate, and location of 
Ph.D. institution were all stratifying variables for the 
1975 survey sample, biases due to nonresponse were largely 
adjusted in the assignment of stratum weights. 

Evidence of bias due to nonresponse does exist for 
location of B.S. institution. A much lower percentage of 
the nonrespondents earned B.S. degrees from U.S. institu­
tions than did the respondents, 77.4 (±6.7) percent versus 
90.2 (±0.3) percent. The combined estimate, 86.9 (±1.5) 
percent for the response and nonresponse groups suggests a 
possible overestimation of the percentage in this category. 
Because the foreign located Ph.D.'s were underestimated, 
bias with respect to location of B.S. institution would 
be expected in the total population of doctoral scientists 
and engineers. It is interesting to note that this bias 
also exists in the U.S. science and engineering population. 

Table 10 consists of data on citizenship and age. 
This information was available for most individuals in the 
sample who earned doctorates between July 1, 1957 and June 
30, 1974. Although a slightly higher proportion of the 
nonrespondents were over 50 years of age, the overall age 
distributions of respondents and nonrespondents are similar 

22Ibid., p. 11. 
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and support the conclusion that the effect of nonresponse 
bias on the estimates based on 1975 survey responses was 
minor. 

Table 10 Citizenship and Age of Respondents and Nonrespondents in the U.S. 
Doctoral Science and Engineering Population, 1975 (FY1958-FY1974 
Ph.D. Recipients) 

A B AclB 
Respondentsa Nonrespondentab S.E. (A-B)C Totald 

U.S. Science/ 
Engineering Population 143,080 53,152 196,232 

% % % % 
attzeruhtp 

United States 93.7 77.1 3.9 89.2 
Foreip 6.2 22.0 3.9 10.5 
No Report 0.1 0.9 0.9 0.3 

Agein 1975 
Under 30 5.0 4.3 1.9 4.8 
30-34 28.2 26.1 4.1 27.6 
35-39 27.1 23.1 4.0 26.0 
40-44 19.7 22.6 4.0 20.5 
45-49 11.6 11.5 2.9 11.5 
S0-54 5.3 6.1 2.2 s.s 
SS-59 2.0 2.6 1.5 2.2 
60-64 0.8 e 0.6 
Over64 0.3 2.7 1.5 1.0 
No Report 0.1 0.9 0.9 0.3 

•Population estimates bued on data for thote respondents to the 1975 survey who were part of 
the U.S. doctoralaclence and englneerin11 population In 1975 (N=29,311). 

bpopulation eatimates baaed on data for thoae memben or the nonrespoll80 blaa survey subsample 
who were part orthe U.S. doctoralaclence and engineering population In 1975 (N=116). 

CSampllnll erron or dlfrerencea between the rwpondentl and the nolirespondents. See Appendix D 
for formula. 

dEatimates bued on response and nonreapo1180 sroup data combined. See Appendix D for ratio 
and variance rormulaa. 

eNo sample memben In this cate11ory. 
NOTE: Statlatlcs for CY193o-FY1974 Ph.D. recipients in the 1975 Profile report are not compar· 
able with data restricted to doctorate recipients from the period FY1958-FY1974, the yean for 
which a11e and citizenship information for the nonreapondents is avallable. The percenta11e diatribu· 
tiona that would be obtained by the wei11htin11 procedure uaed in the 1975 Pro/De are approxi· 
mated by the figures In the "Respondent•" column. 

Citizenship data for respondents and nonrespondents 
follow the pattern observed for location of B.S. insti­
tution, a variable with which citizenship is presumably 
highly correlated. A much lower proportion of the non­
respondents held U.S. citizenship in 1975 than did respon­
dents, 77.1 (±7.7) percent versus 93.7 (±0.3) percent. 

30 

Copyright © National Academy of Sciences. All rights reserved.

The Effects of Nonresponse Bias on the Results of the 1975 Survey of Doctoral Scientists and Engineers
http://www.nap.edu/catalog.php?record_id=19876

http://www.nap.edu/catalog.php?record_id=19876


This finding suggests that an estimate of the percentage 
of U.S. citizens in the doctoral science and engineering 
population, based entirely on response group data (93.7) 
percent, is subject to nonresponse bias. 23 The lower 
estimate of 89.2 (±2.1) percent, which takes into account 
information on the nonrespondents, indicates that the 
percentage of U.S. citizens in the U.S. science and engi­
neering population was slightly overestimated in 1975. 

Because demographic data were available for most 
members of the sample prior to the 1975 survey, it was 
possible to make comparisons between larger groups of 
respondents and nonrespondents than those that constituted 
the U.S. science and engineering population. Table 11 
consists of data for those variables for which the greatest 
differences were observed between respondents and non­
respondents in the U.S. science and engineering population: 
sex, location of B.S. institution, and citizenship (for 
FY1958-FY1974 doctorate recipients only). 

Although rather large sex differences have been 
observed between respondents and nonrespondents in the 
U.S. science and engineering population (Table 9), 
differences between the response and nonresponse groups 
in the total population appear to be practically nonexistent. 
This supports the hypothesis discussed earlier that this 
particular "bias" is actually a technical discrepancy 
related to the sample design and weighting. 24 

Differences between the response and nonresponse 
segments of the U.S. science and engineering population 

23Ibid., p. 11. The 1975 Profile reported that 94.2 percent 
of the U.S. doctoral science and engineering population were 
U.S. citizens. This figure included individuals who earned 
their Ph.D.'s between January 1, 1930, and June 30, 1974. 
Therefore, this statistic cannot be compared with estimates 
based on data for FY1958-FY1974 doctorates only. 

24The effects of sample design and weighting on other 
estimates for the nonresponse group are quite small, re­
sulting in variations of the combined estimate for respondents 
and nonrespondents of less than 0.5 percent. 
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with respect to location of B.S. institution (Table 9) 
and citizenship {Table 10) also appear in the total 
population. As expected, the nonresponse portion of the 
total population (which includes a greater percentage of 
foreign-located Ph.D. •s) consists of greater proportions 
of foreign citizens and doctorate recipients who earned 
their B.S. degrees at foreign institutions. Thus, esti­
mates for these two variables for both the total population 
and the U.S. science and engineering population were 
probably biased due to nonresponse. 

Table 11 Selected Demographic Characteristics of Respondents and Nonrespondents 
in the Total Doctoral Science and Engineering Population, 1975 

A B A&B 
Respondentsa Noruespondentsb S.E. (A-B)C Totald 

Total Population 
(CY193Q-FY1974 Ph.D.'s) 222,696 91,296 313,992 

% % % % 
Sex 

Male 90.7 90.6 0.1 90.6 
Female 9.3 9.4 0.1 9.4 

B.S. lmtttution Loctztion 
United States 86.9 70.3 0.4 82.0 
Foreign 11.4 25.7 0.3 15.5 
No Report 1.8 4.0 0.1 2.4 

Total Population 
(FY1958-FY1974 Ph.D.'s)e 158,057 68,658 226,715 

% % % % 
Citizenlhip 

United States 89.0 65.9 0.4 82.0 
Foreign 10.9 30.5 0.4 16.8 
No Report 0.1 3.6 0.1 1.2 

•Population estimates baaed on data for an respondents to the 1975 survey plus those for whom 
information wu conected prior to the 1975 survey and who were part of the total 1975 sample 
(N=47,l36 for CY193D-FY1974 Ph.D.'s; N=33,416 for FY1958-FY1974 Ph.D.'s). 

bpopulation estimates baaed on data for those for whom no valid addresses were available for the 
1975 survey, those who refused to participate in the survey, and those who were presumably con­
tacted but did not respond to the survey (N=19,543 for CY193o-FY1974 Ph.D.'s; N=14,698 for 
FY1958-FY1974 Ph.D.'s). 

csampling erron of differences between the respondents and the nonrespondents. See Appendix D 
for formula. 

d&tlmates baaed on reaponae and nonreaponae JfOUP data combined. See Appendix D for ratio 
and variance formulas. 

ecitizenship data were available only for FY1958-FY1974 Ph.D. recipients prior to the 1975 
survey. 
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CHAPTER V 

CONCLUSIONS 

The preceding analyses indicate that the statistic 
most affected by bias due to nonresponse in the 1975 Survey 
of Doctoral Scientists and Engineers was the estimate of 
the size of the doctoral science and engineering popula-
tion in the United States. Although 92.5 (±0.3) percent 
of the respondents to the 1975 survey were in the U.S. 
science and engineering population, only 74.0 (±6.2) per­
cent of the nonrespondents satisfied the criteria for in­
clusion in the U.S. science and engineering population. 
The published estimate of the U.S. doctoral-level science 
and engineering population, based on 1975 survey responses 
only, was 279,351 ±1,174; the revised estimate, based on 
the results of this study, is 262,942 ±1,892. There-
vised estimate is clearly lower than the 1975 estimate. 
The upper bound of the 95 percent confidence interval of 
the revised estimate (264,834) is almost 14,000 less than 
the lower bound of the interval of the 1975 figure (278,177). 

Of course, countervailing biases are possible, such 
as those resulting from the lack of a comprehensive sam­
pling frame for individuals who hold doctorates earned 
at foreign institutions and who work in the United States. 
Investigation of such biases, which are related to non­
response, is outside the scope of this study. 

Although evidence of bias attributable to non­
response was detected for certain employment and demo­
graphic characteristics, previously published statistics 
on the doctoral-level science and engineering population 
in the United States do not appear to have been seriously 
affected. This is true for the highly sensitive estimate 
of unemployment among Ph.D. •s. Because it is a reasonable 
hypothesis that an unemployed Ph.D. scientist or engineer 
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is less likely to respond to an employment survey, this 
statistic could be considered particularly vulnerable to 
nonresponse bias. 

The 69.2 percent response rate to the 1975 survey, 
relative to the nonresponse rate of 30.8 percent, tends 
to reduce the effects of nonresponse bias. For an esti­
mate of a particular characteristic to be seriously biased, 
substantial differences would have to exist between the 
response and nonresponse groups. For example, using the 
responses of 69 percent of the sample, if 25 percent of 
the population are estimated to be employed in business 
and industry, the proportion (p) of the nonresponse group 
working in business and industry would have to be as low 
as 9 percent to produce a revised estimate of 20 percent, 
as shown by the equation: 

0.69 (0.25) + 0.3l(p) = 0.20 
p = 0.089 or 8.9 percent 

By similar calculation, the proportion of nonrespondents 
enployed in business and industry would have to equal 
0.411 or 41 percent to result in a revised estimate of 30 
percent. Differences of this magnitude between the response 
and nonresponse groups analyzed in this study were rare. 

Because a larger proportion of the nonresponse 
group was not part of the United States doctoral science 
and engineering population, the response group accounted 
for nearly 75 percent of the population being estimated. 
This increased the tolerance for differences between 
respondents and nonrespondents. 

Although significant differences between the response 
and nonresponse groups were found for certain characteristics, 
few were sufficiently large (given the parameter being esti­
mated and the proportion of nonresponse) to seriously 
affect the original estimates, which were based entirely 
on responses to the 1975 Survey of Doctoral Scientists and 
Engineers. 

The findings of this study are being used in planning 
future surveys. The 1979 sample design has been modified 
to include citizenship as a stratifying variable. This 
change will partially adjust for differences in the response 
rates between individuals located in the United States and 
abroad and will, therefore, reduce the bias in estimates of 
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the sizes of the science and engineering population and 
labor force in the United States. Estimates for those 
variables similarly affected by the low response rate of 
sample members residing outside the United States, such 
as location of B.S. institution and citizenship, should 
be less biased as a result of the modification of the 
sample design. 

Efforts have been made to increase both the overall 
response rate of 69 percent and, in particular, the partici­
pation of sample subgroups with low response rates (i.e., 
social scientists, mathematicians, recent Ph.D. recipients, 
and racial/ethnic minorities). The cover letter accompany­
ing the 1979 survey will stress the importance of each 
individual's response to the success of the study. In 
addition, monographs of summary data from the 1977 survey 
were mailed to sample members in 1978 to inform them of 
the major findings of the previous study and to serve as 
a source of updated addresses. 

Also, in an attempt to increase participation in the 
survey, the length of the 1979 questionnaire has been re­
duced for individuals who have responded to previous surveys. 
The "short form" questionnaire will eliminate those items 
that request previously supplied data such as sex, date of 
birth, and racial/ethnic group. Different mailing techniques, 
including certified mail and more personal cover letters and 
envelopes, will be tested on a small, randomly selected sub­
sample in the follow-up mailing of the 1979 survey. 

Finally, consideration will be given in future surveys 
to implementing a more intensive follow-up of nonrespondents . 
A subsample of 1,000 individuals, for example, could be 
randomly drawn from the group of nonrespondents and surveyed 
separately. Data for this group would be collected on a few 
key variables (such as those employment characteristics in­
vestigated in this report plus, perhaps, salary). Such a 
study would yield the information that is needed to evaluate 
the extent of nonresponse bias concurrent with the publication 
of survey data . 
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APPENDIX A 

QUESTIONNAIRE AND SPECIALTIES LIST 
1975 SURVEY OF DOCTORAL SCIENTISTS AND ENGINEERS 
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APPENDIX B 

NONRESPONSE BIAS POSTCARD QUESTIONNAIRE 
AND COVER LETTERS 
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Questionnaire and Survey Description for First Mailing 

The National Research Council has recently obtained data on employment from 
a large stratified sample of doctorate-holders ·in science (including the social 
sciences) and engineering in the U.S. from 1930 to the present. Many individuals 
in government and academia have a concern about highly trained individuals in 
these fields who are unable to locate suitable employment. 

Prior to publication of summarized data, however, we are conducting a special 
analysis to determine the validity of our statistics. By completing and returning 
the attached postcard, you will help us in evaluating our results. Thank you for 
your cooperation. 

Betty D. Maxfield 

Project Director 

OMB No. 099·ROZM 

If your name and address are incorrect, please enter correct information on the lines above. 

1. What was your employment status as of 3. Which category best describes the type of 
February, 19757 organization of your principal employ-
0 E.mployed full-time ment in February, 19757 
0 Employed part-time 

Were you seeking full-time employ­
ment? 0 Yes 0 No 

0 Postdoctoral appoir.tment (fellowship, 
traineeship, research associateship, etc.) 

0 Unemployed/seeking employment 
0 Unemployed/not seeking employment 
0 Retired and not employed 
0 Other, specify: ________ _ 

1a. Was your place of employment/residence 
in February, 1975 0 U.S. 0 Non-U.S.? 

2. What was your primary work activity? 
0 Research It Development 
0 Management It Administration 
0 Teaching 
0 Other, specify: ________ _ 

0 Business or industry 
0 Two-year college 
0 Medical school 
0 Four-year college or university, other 

than medical school 
0 Elementary or secondary school system 
0 Hospital or clinic 
0 U.S. military service 
0 U.S. government, civilian employee 
0 State, local, or other government 
0 Non-profit organization 
0 Other, specify:_ 

4. What scientific specialty was most closely 
related to your principal employment or 
postdoctoral appointment? 
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Cover Letter for Second and Third Mailings 

Dear Dr. 

NATIONAL RESEARCH COUNCIL 
COMMISSION ON HUMAN RESOURCES 

U. ~·- W ........ , D. C. INH 

July 8, 1977 

In 1975 the National Research Council surveyed over 66,000 Ph. D.'s in science 
and engineering of which approxi1111tely 70 percent responded. Of the nonrespondents, 
addresses were frequently invalid, or if valid addresses were available, contacted 
individuals chose not to complete the questionnaire. We are now attempting to ver­
ify the results of our survey data by asking a sa~le of nonrespondents to answer a 
postcard questionnaire consisting of only four questions. 

The enclosed pre-addressed postcard can be completed in a matter of seconds. 
Results of this special study are required as a means of ~~easuring the accuracy of 
data we have collected in prior surveys. Your response is extremely important re­
gardless of your place of residence, employment status, or field of Ph.D. or employ­
lllent. 

I realize that a nllllber of d-nds are made on your time . Sollie of you, no 
doubt, are often asked to complete several questionnaires in the course of a year. 
I recognize also the growing uneasiness concerning the release of personal data. 
Let 111e assure you, however, that all responses fron1 this survey will be held in 
strict confidence and that no identifying data will be released in any form. May 
I, therefore, receive your cooperation? A few mments of your time will be most 
appreciated. 

Best regards , 

Likri)·~ 
Betty D. Maxfield 
Project Director 
Comprehensive Survey of 

Doctorate Recipients 

Tift N•ho,..l Jtfo,..,,,. c0 .. ,.cil it tltt ,n~t o,n~~tiftt •a....cr of tht N•tioul Ac•lll.,.y of Scilf'l'l<tt •M tht N•ho•wd A.c•tl...,.y of £"Ji"Hr1"1 
to ,..,. JO'Of"'"''"' •""' oth.,. orJif,.iUtiofU 
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Cover Letter for Fourth Mail!ng (U.S. Address) 

Dear Dr. 

NATIONAL RESEARCH COUNCIL 
COMMISSION ON HUMAN RESOURCES 

March , 1978 

In 1975 the National Research Council surveyed over 66,000 Ph.D.'s in 
science and engineering of which approxiNtely 70 percent responded. Of 
the nonrespondents, addresses were frequently invalid, or if valid addresses 
were available, contacted individuals chose not to COIIIJilete the question­
naire . We are now attellpting to verify the results of our survey data by 
asking a SUIPle of nonrespondents to answer a postcard questionnaire con­
sisting of only four questions. 

The enclosed pre-addressed postcard can be COIIIJileted in a 11111tter of 
seconds. Results of this special study are required as a means of llll!asuring 
thi accuracy of data we have collected in prior surveys. Your response is 
ext.--ly iT.rtant regardless of your place of residence, I!IIIPlOYiftl!nt status, 
field of Ph::, or field of I!IIIPlOYiftl!nt. Please note that the questions deal 
with eiiPlOYiftl!nt inforwation as of February 1975, the t1tne of the original 
survey. 

I realize that a nUIIber of deNnds are 11111de on your time. I recognize 
also the growing uneasiness concerning the release of personal data . Let 
me assure you, however, that all responses fr0111 this survey will be held in 
strict confidence and that no inforwation which could identify you will be 
released. May I receive your cooperation? A few 1110111ents of your titne will 
be 110st appreciated. 

Best regards, 

Betty D. Maxfield 
Project Director 
COIIIJirehensive Survey of 

Doctorate Recipients 

Th~ N•lior~allttltllrch CoMflcili• tltt priflci,.E op"atir11 •I.,.CV or "" Natioul Aca.ltmy of Scifrtc,_ aJtfll tltt NatioMl Ac•l1m1 of £,.,;,. • .n,., 
tO ~~ JOHnl,..fftt an.f otlt" ora•niutiCtftl 
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Cover Letter Fnr Fourth Maflfn!' (Foref'!n Addres$) 

Dear Dr. 

NATIONAL RESEARCH COUNCIL 
COMMISSION ON HUMAN RESOURCES 

Uti C-"t..._ A- W......,., D . C. JMlt 

March , 1978 

1n 1975 the National Research Council surveyed over 66,000 Ph.D.'s in 
science and engineering of which approxi•tely 70 percent responded. Of 
the nonrespondents, addresses were frequently invalid, or 1f valid addresses 
were available, contacted individuals chose not to c~lete the question­
naire. We are ,_ attellptfng to verify the results of our survey data by 
asking 1 SiiiiiPle of nonrespondents to answer a postcard questionnaire con­
sisting of only four questions. 

The enclosed pre-addressed postcard can be c~leted in a 11111tter of 
seconds. Results of this special study are required as a •ens of ••suring 
tlii""'i'CCuracy of data we have collected fn prior surveys. Your response is 
extre.lx fi!?Ortant even though you .ay have been residing outside the United 
States during February 1975, the ti• of the original survey. Sfllflarly, to 
insure the success of the study, your reply fs needed regardless of your an­
ploy-.nt status, field of Ph.D., or field of I!IIIPloy-.nt. 

1 realize that a n.-ber of d-nds are •de on your thae. 1 recognize 
also the growing uneasiness concerning the release of personal data. Let me 
assure you, '-ver, that all responses fro. this survey will be held fn 
strict confidence and that no fnfor.tion which could identify you will be 
released. May I receive your cooperation? A few -ts of your tf• 
will be .,st appreciated. 

Best regards, 

Betty D. Maxfield 
Project Of rector 
C0111prehensfve Survey of 

Doctorate Recipients 

Til• H•tio,..l R.,,..,clt CoMr~cil i• tit• pri,.cip•l op•r•ti"l •Jfflt)' of tltt N•tio,.al Acatl.my of Scitnc" ad tit• Natiorwl A.calllftrny of £fllif1Hrifll 

to ''"'' JotN"'"''"' .,.,. otlt•r orJ•"iutiofiJ 
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APPENDIX C 

WEIGHTING PROCEDURE 
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Estimates in this report are based on weighted 

observations. Each individual in the 1975 survey sample 

(66,779) was assigned a sample weight (Ws) computed for 

each stratum (h) according to the formula, Wsh=Nh/nh , 

where Nh and nh are the respective population and sample 

sizes for stratum h. 

The 200 nonresponse bias sample cases received 

weights equal to the product of sample and subsample 

weights. For each stratum (h) defined. for the ~onresponse 

bias survey, a sample weig~t (Ws) was computed: 

H nh 
L L (Wshi . Yhi) 

A h i Ws~ = 
H 

~ L yhi 
h i 

where yhi is the ith case in stratum h of the 1975 sample 

that satisfies the definition of stratum h in the non-

response survey sample; Wshi is its sample weight; nh is 
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the sample size of stratum h; and H is the number of strata 

in the 1975 sample that constitutes stratum h in the non­

response bias survey sample. 

The nonresponse subsample weights {Wk~) were com­

puted by the formula Qkh = n~/~fi , where n~ is the sample 

size of stratum h, and nh is the subsample size. 

The weight for population estimate {Wh) is the pro­

duct of the sample and subsample weights: wh = wsfi · Wkh . 
Respondents in each stratum were assigned a weight 

equal to the integral part of the subsample weight, or the 

integral part plus one. Allocation of integral weights 

within a stratum were randomly allocated so as to repre-

sent the stratum population. This technique avoids the 

necessity of rounding fractional estimates of totals. 

For example, consider a stratum which contains 56 

individuals of whom 10 were selected for the sample; the 

average weight for the individuals in this stratum would 

be 56/10 = 5.6. To obtain integer weights, 4 of the 

respondents, chosen at random, would each receive a weight 

of 5, thus representing 20 individuals in the population. 

The 6 remaining respondents would each receive a weight 

of 6, thus representing 36. Combined, the 10 respondents 

would represent the 56 individuals in the stratum. 
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In this report, estimates for respondents to the 

1975 survey were computed with sample weights. Referenced 

statistics from previous CHR publications were calculated 

with weights adjusted for nonresponse. These weights were 

obtained by dividing the stratum population (minus that 

portion of the population represented by the "inactive" 

sample members) by the number of respondents to the 

survey. Integer weights were assigned by the random 

procedure discussed above. This accounts for the small 

variations that occasionally occur between the ratios 

computed with sample weights and weights adjusted for 

nonresponse. 

52 

Copyright © National Academy of Sciences. All rights reserved.

The Effects of Nonresponse Bias on the Results of the 1975 Survey of Doctoral Scientists and Engineers
http://www.nap.edu/catalog.php?record_id=19876

http://www.nap.edu/catalog.php?record_id=19876


APPENDIX D 

SAMPLING ERROR ESTIMATES 
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Most of the statistics presented in this report 

are ratios of random variables, r = y/x, where 

and where yhi and xhi are observations made on the ith 

sample member of stratum h, Nh is the number of individuals 

in the population of stratum h, and nh is the number of 

sample cases in stratum h. Strata were combined whenever 

the number of sample cases in a stratum was less than two. 

The variance of the ratio y/x is estimated by the 

expression 

s; = (~ Y(~ 
where 

2sxy) 
xy , 

Nh-nh 

lfh-1 nh-1 
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xh and yh being the means of the x and y values observed in 

stratum h, respectively. Similarly, s2 and s2 are defined 
X y 

using (xhi - xh) 2 and (yhi - Yh) 2 in the inner summation. 

Differences between two estimated ratios in percentage 

form (e.g., the difference between the percentage of 

respondents employed by business and industry and the 

corresponding percentage of nonrespondents) can be expressed 
Yl Y2 

as rl - r2 = x,- - x2 . The variance is estimated by 

s 2 = s2 +s 2 - 2s 
rl-r2 rl r2 rlr2 

The terms s:1 and 

s 2 are estimated variances of ratios, calculated as given 
r2 

above, and sr r is the covariance, which, because the re-
1 2 

sponse and nonresponse groups do not overlap, is negligible 

and can be omitted from the calculation. 

The estimates based on the combined data of the 

response and nonresponse groups are the ratios of the sums 

of the random variables, i.e., r1, 2 = Y1 + Y2f x1 + x2 , 

where y1 and x1 are the estimated numbers of respondents 

possessing particular characteristics (for example, the 

number employed full-time and the number in the labor 

force) and y2 and x2 are the corresponding numbers of 

nonrespondents. This can also be expressed as 

r1, 2 = W • r1 + (1- W) · r 2 , where W is the proportion 

of the combined estimate represented by the response 
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group, r1 is the ratio for the response group, and r2 is 

the ratio for the nonresponse group. 

The variance of the combined estimate is approximated 

by the sum of the variances computed for the response and 

nonresponse groups separately by the formula for s~ dis­

cussed above, weighted for the contribution of each group: 

s2 = [w2• s2 + (l-W) 2• s2 ] • rl,2 rl r2 

Again, because the response and nonresponse groups do not 

overlap, the covariance term· has been omitted from the 

formula. Since estimates for the nonresponse group are 

based on a small number of observations that represent a 

large population, most of the variance is contributed by 

this group. 

The confidence intervals presented in the text 

were constructed by taking the square root of the estimated 

variance of a statistic and multiplying this standard error 

by 1.96. The product was added to and subtracted from the 

statistic to establish the upper and lower limits of the 

interval. 
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