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1. INTRODUCTION 

Statistical science provides important techniques for decision making in a large variety of fields 
of human endeavor mainly through statistical practice. Xccording to Deming( 1965), (‘Statisti- 
cal practice is mostly a collaborative venture between (professional) statisticians and experts in 
subject-matter (area)”. The professional statistician must be properly trained in areas of statisti- 
cal science most suited to the discipline in which the applications are made. Due to a large variety 
of applications. the education of a professional statistician by iiniversities can only be very general. 
Higher education provides the theoretical basis of statistical science whereas the specific expertise 
needed by the professional statistician is given by the application areas. 

In a large measure, the development of statistical theory is the product of applications. Rev- 
olutionary theoretical results in probability and statistics are frequently motivated by important 
applications. It is wel: known that the need of agricultGd e:qerimentstion led Sir Ronald Fishcr 
to develop the theory of design of experiments. The need to estimate the population of France 
as of September 22, 1802, led Laplace to make perhaps the earliest use of what is now known 
as the classical ratio estimator. Realizing the need for a measure of correlation in bivariate 
(anthropological) da ta  led Francis Galton, near the end of the nineteenth century, to  the founding 
of correlation analysis. Being asked to “...investigate what relations existed between the qual- 
ity of materials such as barley and hops. production conditions, and the finished product” in the 
production of beer, “...led W. S. Gosset to seek exact error probabilities of statistics from small 
samples”. ultimately leading to the development of Student’s t-distribution. The procedures of 
survey sampling were developed when the needs of government and social scientists were felt by 
statisticians. Indeed. the sciences of genetics, econometrics, psychometrics, biometrics. etc. were 
brought to their present state of accomplishments using probability and statistical methods. 

Statisticians in the universities find it very hard to  prepare a student for such a wide variety of 
professions. In medicine, experts for various areas of the human body are needed, so the medical 
practitioner is trained in a specific area by residency in that specialty. A statistician essentially 
is trained in the same way as a physician. Most of the training programs in statistics include the 
basic formulations of statistical science. The needs of various scientific and engineering disciplines 
require some specialization. Biostatistics has evolved for the application of statistics to biolog- 
ical, medical, and health sciences. Biostatisticians may still need further training depending on 
the job whether it is in medicine or a pharmaceutical firm or in a research organization. Similarly, 
academic programs exist in industrial statistics, hmsed ir! schools of engineering and sciences. How- 
ever, additional training on the job is necessary depending upon the area of application to industry. 

In practice, the professional statistician is adaptive to the needs of the area of employment. 
Some universities may emphasize a given area of application. However, the statistician learns the 
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specific needs of the field while on the job. Fortunately for the professional statistician. these di- 
verse areas often seek answers to questions which are suitable for the application of the scientific 
method which shares basic common threads with statistical methodology such as problem state- 
ment. hypothesis statement, data gathering, and inferences based thereon. 

In this paper, we review the approach of academic programs which are geared towards appli- 
cations and discuss some of the innovative strategies for preparing statisticians as consultants in 
industry and business. A survey (census) of statisticians at the national laboratories of the 
United States Department of Energy was made to assess their training by universities and to  get a 
broad view of additional training which has brought them to their present professional status. A 
particular interest is the extent to  which employers have contributed to the training of statisticians. 
A few recommendations are made which may serve to improve the future training of statisticians 
for applied collaborative work by universities and employers. 

2. STATISTICAL CONSULTING AND COLLABORATION 

Statistical sciences have a special place in the field of knowledge in that they are applied to  
so many areas of human intellectual activity and life. Therefore. statisticians are concerned with 
sharing their knowledge with other subject area scientists. This puts a burden on the training 
of statisticians, that they be conversant with the art of consulting. It is only recently that the 
importance of teaching statistical consulting has been recognized by the profession. see for exam- 
ple. Rustagi and Wolfe(1982). In the first conference on teaching of statistical consulting, several 
important issues (including the art of consulting, graduate consulting courses, and the formation of 
consulting services operations) were discussed. Many universities have expanded their curricula for 
graduate programs in statistics to include courses on consulting. For the art of consulting, see Boen 
and Zahn( 1982). In the preparation of a professional statistician, inclusion of courses on consulting 
is a must. Attempts have been made by universities to prepare students for careers in industry 
and government. Organizations like the American Statistical Association have set up task forces 
to study the detailed training strategies , e.g., ASA Committee on Training of Statisticians for In- 
dustry, 1980. We discuss next, the requirements for training for careers in industry and government. 

3. PREPARATION FOR A CAREER IN INDUSTRY AND GOVERNMENT 

Employers in industry want a statistician conversant with theory and the practice of statistics, 
an effective problem solver, one with good written and oral communication skills, one knowing how 
to use computers, one being able to  adapt, extend and develop statistical methods, along with 
many other attributes. It is not practical to provide every possible need industry has in the limited 
amount of time the university has a t  its disposal, and some of the training must be left for the 
employers. The lessons of the industrial experience are very similar if we want to  train statisticians 
for government careers and other professions. 

For government careers, the training of a statistician may include certain skills and attitude 
development besides s t a t i s t i d  notions. Accordiig 'io Defiiiiig(lSC5), " ... the (professional) statis- 
tician requires certain principles of practice for effective use of statistical knowledge. Knowledge 
of statistical theory is necessary but not sufficient. Statistical theory does not provide a road-map 
toward effective use of itself ... Professional statistical practice requires experience. maturity, forti- 
tude. and patience ..." Moses( 1982) recommends that a statistician should have requisite knowledge, 
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skills. and attitudes as described below. 

(i)  Computer related knowledge 
( i i )  Statistical theory including notions of 

- sample and universe 

I. Knowledge: 

- standard errors of linear combinations 
- expectation, variance 
- sampling distribution 
- standardization 

- Speaking clearly 
- Effective listening 
- Cooperation 

- Prompt in making 

- Thorough in work 
- Patient 

11. Skills: 

111. Attitudes Development: 

deadlines 

- correlation 
- univariate regression 
- confidence intervals 

- Writing clear prose 
- Developing valid statistical formulation in real life problems 
- Solution of statistical problems 

- Stubborn 

- Able to avoid rivalries 

The 1980 ASA Committee Report on the Training of Statisticians noted that the course work 
should be such that the statistician is a general practitioner and should contain a balance between 
theory and practice. The desired characteristics of a professional statistician include the following: 

e 

e 
e 
e - 
e 
e 

e 
e 
e 
e 

e 

Is well trained in the theory and practice of statistics. 
Is an effective problem soiver. 
Has good oral and written communication skills. 
Can work within the constraints of the real world. 
Knows how to me computers to solve preblerr,~. 
Is familiar with the statistical literature. 
Understands the realities of statistical practice. 
Has a pleasing personality and is able to work with others. 
Gets highly involved in the solution of company problems. 
Is able to  extend and develop statistical methodology. 
Can adapt quickly to new problems and challenges. 
Produces high-quality work in a timely fashion. 

The 1980 ASA report also lists points to consider for producing statisticians with the above 
characteristics as well as possible efforts between universities and industry. They are given in Ap- 
pendix A. 

To help promote such an exchange between employers and universities in the United States, the 
National Science Foundation initiated the University-Industry Cooperative Research Pro- 
grams in the Mathematical Sciences in 1995. There are four subcategories of interest: 

(i)  University-Industry Postdoctoral Research Fellowships where, for 24 
months, fellows will spend equal time working on a project at an industrial location 
and on research with a faculty mentor. 
University-Industry Senior Research Fellowships, where up to  a year of sab- 
batical research support will be supported for either (a) a tenured faculty member 
who will conduct research full-time at an industrial site, or (b) an industrial scientist 
who will work at an institution of higher education. 
Industry-Based Graduate Research Assistantships where graduate students 
will spend part of their time at  an industrial site conducting research that  could 
form the basis of a master’s or doctoral thesis. 
Industry-Based Graduate Cooperative Fellowships where graduate students 
will work full-time as interns in industry for fixed periods of up to one year. 

(ii) 

(iii) 

(iv) 
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In addition to  the joint role for universities and industry (Appendix A )  in training statisticians, 
industry can ( i )  communicate its needs to universities and help identify and define problem areas 
for research. (ii) help provide real data for use in training professional statisticians . and (iii) en- 
courage and support attendance at professional statistical meetings and involvement in professional 
activities. 

X common and popular practice in the training of practicing statisticians has been through 
internship programs, and we briefly discuss them next. 

4. INTERNSHIPS 

Many academic programs require internships in industry and government. A listing of summer 
internships in the United States for statistics students has been given for the last two years in 
the ASA's AMSTAT ,VETI'S. Each internship provides the trainee with experience necessary in a 
particular discipline. The language of communication xith colleagues in that area of discipline 
can be transmitted by experts. and there is better interaction between the statistician and subject 
matter specialist. Students spend summers or other periods of the academic year as an apprentice 
to learn the "tricks of the trade" with the help of experts. Many universities require such experience 
from all of their graduate trainees. This kind of training essentially leads to  employment in that 
particnlar area of activity. For other program-s, we Joiner( 1980). 

Some aspects of training include supervised consulting with research workers in academic areas 
in the university. For example, The Ohio State University requires that each student must spend 
a specific amount of time as an apprentice in the consulting service. Courses in the art of statisti- 
cal consulting have now been formalized and may be part of the graduate programs for statisticians. 

5.  ASSESSMENT OF TRAINING OF STATISTICIANS EMPLOYED AT 
NATIONAL LABORATORIES OF THE U. S. DEPARTMENT OF ENERGY 

The U. S. Department of Energy (DOE) contributes to the welfare of the United States " ... 
by providing the technical information and scientific and educational foundation for technology, 
policy, and institutional leadership necessary to achieve efficiency in energy use, diversity in energy 
sources, a more productive and competitive economy, improved environmental quality, and a secure 
national defense." (ORNL Central Library, Database) 

To help achieve its mission, the DOE utilizes a national laboratory system which includes 
nine multiprogrzm laborataries as listed below. There are also eleven single-program labnratories 
and eleven specific-mission laboratories. Supporting the research and development in terms of data 
collection and analysis is a combined force of approximately 103 professional statisticians as shown 
in Table 1. 
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Table 1. Distribution of Professional Statisticians at DOE National Laboratories ( March. 1995) 

DOE Multiprogram Laboratories Number of Professional Statisticians 
1. rirgonne National Laboratorp(I1linois) 1 
2 .  Brookhaven National Laboratory( New \-ark) 4 

4.  Lawrence Berkeley Laboratory(Californ1a) 4 
.5. Lawrence Livermore National Laboratow( California) 7 

7. Oak Ridge National Laboratory(Tennessee) 23 
8. Pacific Northwest Laboratory(Washington) 22 
9. Sandia National Laboratories(New Mexico) 12 

3. Idaho National Engineering Laboratorv(1daho) 14 

6 .  Los Alamos National Laboratory(New Mexico) 16 

We describe below a survey conducted during February and March of 1995 among all statisti- 
cians at these DOE national laboratories. Completed mail responses were received from all 103 
statisticians in the target universe. In 1992. the combined staff of these nine multiprogram labo- 
ratories exceeded 50,000 with a budget of more than six billion U.S. dollars. Though this system 
of laboratories includes institutions known to many for their contributions toward the develop- 
ment of the atomic bomb. its current research and development activities are quite varied (e.g., 
see Tables B.13.a and B.14 .~  of Appendix B ). and its scientific facilities are utilized internationally. 

The objective of the survey was to determine the extent of professional statisticians’ training 
contributed by their employers at the national laboratories. We shall also discuss the kind of com- 
mon courses given at  the universities and the areas of expertise in which statistical help is needed 
at the laboratories. The process is typical in that the training of professional statisticians in an 
advanced application area is obtained largely on the research projects they work on. Through in- 
teraction with subject area scientists, the statistician helps in the design and analysis of data from 
experiments and investigations which support decision making, information processing, technical 
communications among colleagues and various other matters requiring empirical information. Sur- 
veys may be needed for collecting information. and the statistician provides the analysis of data as 
required by marketing and other business aspects of the industry. The results of the present survey 
are summarized and discussed next. Complete universe responses are given in Appendix B. 

5.1. General Characteristics of the Universe of Professional Statisticians at the DOE- 
National Laboratories (DOE-NLABs) 

Seventy-one (71) of the professional statisticians at the DOE-NLABs have been employed by 
their current laboratory for at least ten years. Table B.l of Appendix B. Only six (6) reported an 
official job title which contained a specific reference to “statistics” or “data”. For ninety-four (94), 
official job titles varied from laboratory to laboratory as well as within laboratories and included 
variations of: technical staff member, research staff member, research scientist, scientist, mathe- 
matician, computer scientist, and engineering specialist, Table B.2. Seventy-six (76) reported that 
their current primary work and research were related to statistical methodology. Most of the re- 
maining twenty-seven (27) had previously been engaged in primary work and research related to  
statistical methodology but were currently on other assignments, including management, Table B.3. 

Eighty-four (84) reported that they were members of a group containing other statisticians, 
Table B.4. This permits the professional statistician to be a member of several research teams with 
other scientists and engineers while enjoying a home base of statistical colleagues who frequently 



complement each other’s statistical knowledge. It is not rare to have more than one statistician on 
a research team for a single project. 

One hundred (100) reported having earned a masters (34)  or doctorate (66) as their highest 
degree. Table B.5. Ofthe  professional statisticians, eighty-four (84) had at  least one degree in statis- 
tics. The remaining nineteen (19) without a degree in statistics reported evidence of significant 
statistical course work. Seventy-eight (78) earned their highest degree in statistics. Mathematics 
was the reported undergraduate degree area for sixty-seven (67) professional statisticians while only 
ten (10) reported an undergraduate degree in statistics. 

5.2. University Training and Course work 

The ten most frequently checked areas in statistics and probability that were nearest to describ- 
ing the major area of the highest degree were the following (almost everyone checked more than 
four areas), Table B.6. 

Number of 
Area Statisticians 
Regression and Correiation .j 9 
Experimental Design 5 0 
Multivariate Analysis 37 
Applied Probability :3 3 
Parametric Inference 28 
Foundations( Statistics) 26 
Fouiidations of Probability Theory 25 
Engineering Statistics/Technometrics 23 
Stochastic Processes 23 
Nonparametric Inference 21 
Sampling Theory, Sample Surveys 21 
Exploratory Data Analysis 21 
Computational Statistics 21 

The ten most frequently checked statistical techniques that were part of the college/university 
training (where respondents checked all that applied) given in Table B. 7 are given below: 

Number of 
Statistical Techniques Statisticians 
Basic Statistical Methods 101 
Regression Analysis 
Analysis of Variance 
Design of Experiments 
Multivariate Analysis 
Nonparametric Methods 
Probability Modeling/Applied Probability 
Sampling, Survey Sampling 
Variance-Component Estimation 
Categorical Data Analvsis 

100 
96 
86 
84 
71 
70 
63 
60 
56 

5.3 Statistical Techniques Used in Work and Research 

The ten most frequently reported statistical techniques that were reported as being most im- 
portant in a professional statistician’s work and research (each statistician was asked to report 3 



statistical techniques) given in Table B.8 are listed below: 

Number of 
Statistical Techniques Statisticians 
Regression Analysis 63 
Basic Statistical Methods 37 
Analysis of Variance 26 
Design of Experiments 26 

Sampling, Survey Sampling 17 
Simulation 16 

12 

12 

Probability Modeling/Applied Probability 22 

Graphical Display and Data Summary 
Multivariate Analysis 12 
Quality Control and Acceptance Sampling 

4mong the most important statistical techniques for work and research that were reported as 
not being a part of the statistician's college/university training (each could report as many as 
three) given in Table B.9. the ten most frequently reported are given below: 

Xumber of 
Statistical Techniques Statisticians 

25 Reliability and Life Data Analysis 
Quality Control and Acceptance Sampling 
Simulation 
Exploratory Data Analysis 
Grapiiical Display a i d  Data Summary 
Bayesian Methods 
Nonlinear Estimation 
Times Series Analysis 
Sampling, Survey Sampling 
Categorical Data Analysis 

25 
23 
21 
21  
19 
15 
14 
12 
11 - 

In responding to  question 9 on the three statistical techniques which were most important to work 
and research and not a part of the statistician's college/university training: 67 statisticians listed 
3 techniques; 12 statisticians listed 2 techniques; 12 statisticians listed 1 technique; and 12 statis- 
ticians listed 0 techniques. That is, 91(=67+12+12) out of 103 have felt an important need for 
additional training in at least one statistical technique since their college/university training. In 
the next section, we look at reported non-statistical needs of the 103 statisticians. 

5.4. Training in Sub jec t  Application Area ,  Comput ing  Skills, and Technical Writing 

Eighty-three (83) of the professional statisticians reported that they had had subject area train- 
ing which had been helpful in their work and research, Table B.10. Of those whose subject area 
training was helpful to  their work and research, they reported (each checked all that applied) ob- 
taining that training in the following settings: 

How Subject Area Number of 
Training Obtained Statisticians 
Self Taught 63 

43 
28 

College/University 57 
On the Job By Employer 
Short Course, Workshop, et c. 
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Xote that forty-three (43)  of the statisticians reported some on the job training by employers in a 
subject area important to their work. 

Ninety-five (95) reported (each checked all that applied) training in computing skills. Table 
B . l l .  Settings in which some training in computing skills were received were: 

How Training in 
Computing Skills Number of 
0 btained Statisticians 

College/University 62 
49 

Short Course. Workshop. etc. 32 

Self Taught 91 

On the Job By Employer 

Note that forty-nine (49) of the statisticians reported some training in computing skills provided 
on the job by employer. 

Thirty-nine (39)  reported (each checked all that applied) a course in technical writing, Table 
B.12. Settings in which some training in technical writing was received were: 

How Course in 
Technical Writing Number of 
Obtained Statisticians 

26 
College/University 15 
On the j o b  i3y Eniployei 

Self Taught 12 
Short Course, Workshop, etc. 9 

Note that twenty-six (26 
job by employer. 

of the statisticians reported a course in technical writing provided on the 

Overall. ninety-three (93) of the statisticians reported that they had taught themselves a subject 
application area. computing skills. or technical writing skills; sixty-nine (69) reported they had had 
on the job training by  employer in a subject application area, computing skills, or technical writ- 
ing skills; and forty-four (44) reported they had had a short course, workshop, etc. training at a 
professional meeting in a subject area, computing skills, or technical writing skills. These numbers 
and the other da ta  reported in this subsection provide clear evidence of the need to  have obtained 
additional training beyond the college/university training. For these statisticians, that additional 
training has certainly included non-statistical training. 

5.5. Contributions of Professional Statisticians to DOE-National Laboratories 

Over the years. the DOE national laboratories have developed expertise in certain areas that 
are frequently called “capabilities”. A “capability” is something that the laboratories do or have the 
ability t o  do well, Table B.13.a. Sometimes research and development results in a “new technology 
(being) brought to market” . Such a listing of “new technologies brought to m ~ r k e t ” ~  is given in Table 
B.14.a. Also the transfer of new technologies developed at DOE national laboratories has received 
increased emphasis in recent years. To help facilitate this transfer, DOE has been given authority to 
enter directly into “cooperative research and development agreements (CRADAs)” with US private 



companies. 

In Tables B.13.a. B.14.a. and B.15.a . the level of involvement of statisticians in these ('capabil- 
ities". "new technologzes brought to market". and "CRADAs" is given. and the level of involvement 
associated with training in a subject area. computing skills. and writing skills is investigated. Tables 
B.13.b. B.14.b. and B.15.b. 

.ill of the ..DOE National Laboratory Capabilities" except two (2) - superconductivity and 
fusion energy- had major level involvement and contributions by at least one professional statis- 
tician. The ten most frequently reported "capabilities" with the most statistical involvement by 
statisticians have been, Table B.13 

DOE National Laboratory Number of Statisticians 
Capability With Major Involvement 
Environmental Assessments 49 
Environmental Restoration 
Nuclear-Power Engineering 
Industrial Processes 
Arms Control and Disarmament 
Applied Mathematics 
Nuclear-Weapons Development 
Transportation 
Material Processing 
Life Sciences 
Instrumentation DeveloDment 

38 
24 
22 
19 
18 
18 
18 
17 
17 
16 

Out of fifty "new technologies brought to market" from the DOE-NLABs, only ten of these new 
technologies had some major involvement by some of the professional statisticians in our universe, 
Table B.f4.a . The one new technology brought to  market where at least fourteen statisticians had 
some involvement (1-Major; 13-Minor) was atmospheric modeling. 

Twenty-four (24) of the statisticians reported having had involvement with at least one CRADA, 
Table B.15 . 

5.6. Training Sponsored At Professional Meetings 

Twenty-three (23) of the statisticians reported having had no training sponsored at  a profes- 
sional meeting. Of the eighty (80) that reported some training at professional meetings, forty-seven 
(47) reported having had some training at the annual meetings of the American Statistical Associ- 
ation. 

6 .  CONCLUDING REMARKS 

Successful professional statisticians require statistical skills as well as non-statistical skills (e.g., 
subject application area knowledge, computing skills, and communication skills). From our survey 
of the statisticians at the nine major DOE-NLABs, statistical skills wcrc pr3vibcd mainly through 
college/university training; and what additional statistical techniques were needed were acquired 
through self-instruction, short courses and workshops, and to  a lesser degree on the job training by 
employer. Of course. there is also the statistical knowledge obtained through the statistical litera- 
ture. seminars. and professional meetings. Most additional training obtained by these statisticians 
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seems to have come in the  acquisition of non-statistical skills. particularly through self-instruction. 

Employers contr ibute  significantlv t o  the professional statisticians’ training, especially in their 
subject application areas. Our survey confirms the  need of constant  improvement in the  academic 
training of statisticians such as inclusion of courses on statistical computing, graphical techniques, 
and  statistical quality improvement. The responsibilities of academic programs a re  to provide 
training in fundamental  techniques and  concepts of statistical sciences. T h e  employers will need to 
provide additional training needed for their special areas of expertise. It’s hoped t h a t  the feedback 
from employers to academic institutions should result in improved training of future  professional 
statisticians. 
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APPENDIX A: Role for Universities and Industry 

A.1. A Role for Universities 

The ASA Committee report called upon Departments of Statistics at  colleges and universities to develop 
and provide programs that address the following issues. 

“Programs for training (professional) statisticians should contain a balance of theory and 
practice”. 
“It is important to include a wide variety of statistical techniques in the course work.” 
“Discussions of the realities of statistical practice is needed.” 
“Students need hands-on experience with real problems.” 
”Enhancement of communication skills is a valuable addition to the program.“ 
“Real problems and associated data are essential in illustrating the statistical methodology 
being taught.” 
“Students should be familiar with the well-known statistical computer program packages 
and at  least one programming language.” 
-’Academic programs should be aimed at the AIS level and higher.” 
“Departments should offer opportunities for students’ research that are stimulated by real 
problems .“ 
”The faculty‘s interest in real problems is an important factor.“ 
“The faculty’s attitude toward statistics in industry is important.” 
“A career in industrial statistics’ brochure is needed.” 

-4.2. A Joint Role for Universities and Industry 

Universities and industry can work together to develop appropriate training programs. Ways to help 
establish dialogue include: 

(1) 
(2) 
(3) 
(4) 
(5) 
(6) 

“Visits to universities by industrial statisticians.” 
“Visits to  industry by academic statisticians.” 
“Holding career days at  universities.” 
“The creation of industry consulting intern programs (See Section 4.).” 
“The appointment of industrial statisticians as coadjutor faculty members.” 
“Arranging for faculty to spend a year in industry.” 

APPENDIX B: Summary of Responses 

Table B.l. 
NLAB): Question 1. In what year did you begin work at this DOE National Laboratory? 

Distribution of Number of Years at Current DOE National Laboratory (DOE- 

Years ( y)  
Lab Y < 5  5 < y < 1 0  l O < y < 1 5  1 5 < y < 2 5  y 2 2 5  

Areonne 1 
I Brookhaven I 2 2 1  

Idaho 4 3 5 2 
L-Berkeley I 1 2 1 

Pacific 2 
Sandia 
Total 21 11 
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Table B.2. Official Job Title: Question 2. What is your official job title? 

Title Contains a Reference to  "Statistics" or "Data" 
L a b  Yes No Unknown 

Argonne 1 
Brookhaven 1 3 

L-Berkeley 1 3 1 
L-Livermore I 7 
Los Alamos 2 14 
Oak Ridge 1 21 1 

Pacific '1 1 
Sandia I 1 11 
Total ] 6 94 3 

Table B.3. Primary Work and Research Related to Statistical Methodology: 
Questzon 3. Is the primary nature of your work/research related to statistical methodology'? 

Primarv WorklResearch 1 
Related to Statistical Methodology 

L a b  Yes N O  

.Argonne 1 
Brookhaven 1 3 

Jdaho 8 6 
I L-Berkelev 1 3 1 I 
I L-Livermore I 5 2 i 

Sandia 
Total 76 27 

Table B.4. Member of Group with Other Statisticians: Question 4. Are you a member of a group 
containing other statisticians? 

1 In Group with I I Other Statisticians 
Lab 1 Yes N O  

Argonne I 1 
Brookhaven 1 2 2 

Idaho 

L-Livermore 

I Oak Ridge I 
Pacific 
Sandia 
Total 84 19 
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Table B.5. Highest Earned Degree: Questzon 5. For each degree, please provide year earned. major 
area(s), and college/university. 

I Lab I Bachelor Master Doctorate 1 
Xrgonne 1 1 

Brookhaven 1 2 2 
Idaho 2 8 4 

L-Berkelev I 4 
L-Livermore 
Los dlamos 
Oak Ridge 

Pacific 
Sandia 2 10 
Total 34 66 

Table B.6. Highest Degree A r e a :  Questzon 6. LVhich statistics/probability areas come nearest to de- 
scribing the area in which you received your highest degreejtraining’? (Check all that apply.) 

Number 
26 

? 

I 

“ 
” 

10 
21 
17 
21 
28 
21 
37 
59 
50 

3 
8 

11 
23 

21 

2 
17 
5 
2 
3 
1 
2 
8 

Statistics 
Foundations 
SafEcLnc y 
Bayesian 
Decision Theory 
Sampling Theory, Sample Surveys 
Distribution Theory 
Exploratory Data Analysis 
Parametric Inference 
Nonparametric Inference 
Multivariate Analysis 
Regression and Correlation 
Experimental Design 
Sequential Methods 
Inference in Stochastic Processes 
Time-Series 
Engineering Statistics/Technometrics 
(includes reliability, life testing, and quality control) 
Computational Statistics 
(includes graphics) 
Applications 

Actuarial Mathematics 
Biometrics/Biostatistics 
Environmetrics 
Psychometrics 
Econometrics 
Sociometrics 
Business 
Other 

Number 
33 
25 
4 

6 

11 
9 

23 
2 
8 
1 

P r o b a b i l i t y  
Applied Probability- 
Foundations of Probability Theory 
Probability Theory on Algebraic 
and Topological Structures 
Combinatorial Probability 
Geometric Probability, Stochastic 
Geometry, Random Sets 
Distribution Theory 
Limit Theorems 
Stochastic Processes 
Stochastic Analysis 
Markov Processes 
Special Processes 

3 Other 
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Table B.7. Statistical Techniques As Part of College/University Training: Question 7. Using 
t h e  following list of s ta t is t ical  techniques, check the  statistical techniques (check all that  a p p l y )  which you 
received as p a r t  of your college/university training. 

Number 
100 
101 

96 
46 
41 
86 
60 
33 
56 
18 
39 
71 
48 
84 
37 
70 
4 .j 
3 1  
41 
53 
6 3  
13 

Statistical Techniques (Based on the 1980 Report of A S A  Sectzon on Statzstzcal Educatzon) 
Regression Analysis 
Basic Statistical Methods 
Analysis of I'ariance 
Exploratory Data Analysis 
Graphical Display and Data Summary 
Design of Experiments 
Variance-Component Estimation 
Biostatistics. including Bioassay 
Categorical Data Analvsis 
Quality Control and Acceptance Sampling 
Nonlinear Estimation 
Nonparametric Methods 
Ranking/Paired Comparison Data Analysis 
Multivariate Analvsis 
Bayesian Methods 
Probability hIodeling/Applied Probabilitv 
Simulation 
Reliability and Life Data  Analysis 
Numerical Analysis 
Time Series Analysis 
Sampling, Survey Sampling 
Other 

Table B.8. Statistical Techniques Most Important for Work and Research: Question 8. From 
t h e  list of s ta t is t ical  techniques in  question 7,  indicate t h e  three s ta t is t ical  techniques that  have been most 
i m p o r t a n t  t o  your work/research. 

Number 
63 
37 
26 
11 
12 
26 

3 
6 
3 

12 

.j 

1 
12 
4 

16 
11 
5 
4 

1: 

7 

7 1  -- 

3 

Statistical Techniques (Based on the 1980 Report of A S A  Section on Statistical Education) 
Regression Analysis 
Basic Statistical Methods 
Analysis of Variance 
Exploratory Data Analysis 
Graphical Display and Data  Summarv 
Design of Experiments 
Variance-Component Estimation 
Biostatistics, including Bioassay 
Categorical Data Analysis 
Quality Control and Acceptance Sampling 
Nonlinear Estimation 
Nonparametric Methods 
Ranking/Paired Comparison Data Analysis 
Multivariate Analysis 
Bayesian Methods 
Probability Modeling/Applied Probability 
Simulation 
Reliability and Life Data Analysis 
Numerical Analysis 
Time Series Analysis 
Sampiirig, Survey Sampling 
Other 
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Table B.9. Most Important Statistical Techniques for Work and Research which Were not a 
Part of College/University Training: Questzon 9. From the list of statistical techniques in question 7, 
indicate the three statistical techniques that have been most important to  your work/research and which 
were not a part of your college/university training. 

N u m b e r  
2 
1 

21 
21 
4 
3 
6 

11 
25 
15 
5 
2 
6 

19 
4 

23 
25 
4 

14 
12 
15 

Statistical Techniques (Based on the 1980 Report of .4SA Section on Statistical Educat ion)  
Regression Analysis 
Basic Statistical Methods 
Analysis of Variance 
Exploratory Data Analysis 
Graphical Display and Data Summary 
Design of Experiments 
Variance-Component Estimation 
Biostatistics, including Bioassay 
Categorical Data Analysis 
Quality Control and Acceptance Sampling 
Nonlinear Estimation 
Nonparametric Xlethods 
Ranking/Paired Comparison Data Analysis 
Multivariate Analysis 
Bayesian Methods 
Probability Modeling/Applied Probability 
Simulation 
Reliability and Life Data Analysis 
Numerical Analysis 
Time Series Analysis 
Sampling, Survey Sampling 
Other 

Table B.lO. Subject Area Training Which Has Been Helpful in Work and Research: Questton 
10. Collaborations of professional statisticians often involve interactions with subject matter investigators. 
Have you had training in a subject matter area (e.g., chemistry, physics. biology, engineering, naturai science, 
environmental sciences, etc.) which has been a major help in your work/research? 

Any Subject 
Area Training ? 

Lab I Y P S  NO 

Pacific 20 
Sandia I 10 2 
Total I 83 20 

If yes, indicate the setting in which you received your subject matter training. (Check all that  apply.) 

If Yes, How Obtained ? 
1 College/ On the Job Self Short-Course, 

Lab University by Employer Taught Workshop, Etc. Other 
Argonne 1 

Brookhaven 3 2 3 1 
Idaho 8 9 8 4 

L-Berkeley 3 3 4 2 1 
L-Livermore 5 4 4 2 
Los Alamos 1 12 5 9 2 1 
Oak Ridge 1 9 4 11 4 1 

^- 

Pacific I 10 10 17 9 - Sandia i 6 6 4 
Total 57 43 63 28 3 
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Table B.11. Training in Computing Skills: 
Questzon 11. Have you had training in computing (including statistical software) skills? 

Argonne 1 
Brookhaven 2 2 

Idaho 13 1 
L-Berkeley 4 

L-Livermore 6 1 
Los Alamos 15 1 
Oak Ridge 21 2 

Pacific 22 
Sandia I 11 1 

1 Total I 95 8 

If yes, indicate the setting in which you received your computing skzlls training. (Check all that  apply.) 

if Yes. How Obtained ? 
j College/ On the Job Self Short-Course. 

Lab 1 University bv Emplover Taught IVorkshop. Etc. Other 
- 

Argonne j 1 
, Brookhaven i 1 :3 I 

Idaho ' 8 t i  13 ) 

L-Berkeley 2 1 4 3 1 
LLivermore 5 1 .j 1 
Los Alamos 10 1 1 '1 -1 
Oak Ridge 17 15 19 8 

Pacific 12 9 21 11 

- 

sanaia I 8 0 11 3 
I 

Total 1 62 49 91 32 1 

Table B.12. Course in Technical Writing: Question 12. Have you had a course in technical writing? 
I I Anv Coursein I I Technical Writing? 

Lab I Yes NO 

If yes, indicate the setting in which you received your technical writing training. (Check all that apply:) 

If Yes, How Obtained ? 
College/ On the Job Self Short-Course, 

Lab University by Employer Taught Workshops, Etc 
Argonne 1 

Brookhaven 1 

L-Berkeley 
L-Livermore 1 1 1 

Idaho 5 3 5 2 

Argonne 1 
Brookhaven 1 

L-Berkeley 
L-Livermore 1 1 1 

Idaho 5 3 5 2 

Los A l m s s  3 2 1 ! 
Oak Ridge 1 3 1 3 

Pacific 3 11 3 4 
Sandia 1 5 1 
Total 15 26 1 2  9 
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Table B.13.a. DOE-NLAB Capabilities Involvement Using Statistical Methods: Questzon 13. 
Below IS an incomplete listing of DOE Natzonal Laboratory Capabalztzes. (Source: THE NATIONAL LAB- 
ORATORIES of the U. S. Departmenl of Energy(l992) ) Where you have made use of statistical methods, 
please check only those capabilities where your level of invojvement was Major  or Mznor. Yote that 

I f a j o r  means you devoted at  least 25% of a "person" year on the effort 
Mznor means you devoted aboce 0% and less than 25% of a "person" year on the effort. 

Table B.13.b. 

Number of S t a t i s t i c i a n s  w i t h  
Level  of Involvement 

Major Minor 
DOE National L a b o r a t o r y  

C a p a b i l i t y  

24 
4 
12 
'7 3 
II 

2 
4 

49 

4 
3 
17 
1 
2 
13 

7 
d 

9 
5 
6 
16 
5 

38 
1 

17 
6 
18 
18 
19 
18 
23 

7 
7 
7 
10 
5 

1 
19 
3 
3 

10 
5 
2 
4 
12 
6 
11 
7 
11 
14 
8 
9 
5 
12 
6 
13 
12 
9 
3 
5 

7 - 

nuclear-power engineering 
renewable-energy technology 
materials development 
industrial processes 
superconductivity 
nuclear medicine 
human-genome research 
environmental assessments 
optics 
fossil-fuel technology 
biotechnology 
material processing 
energy storage 
high-energy physics 
chemical sciences 
fusion energy 
global environment 

energy conservation 
instrumentation development 
environmental-control technology 
environmental restoration 
nuclear physics 
life sciences 
high-performance computing 
applied mathematics 
nuclear-weapons development 
arms control and disarmament 
transportation 
other 

toxicology 

Major 
Involvement Subject Matter Training in Course in 

In D O E N L A B  Training Computing Skills Technical Writing 

At Least One ii 83 16 i 93 8 38 62 / I  
Capability Yes No Yes No Yes N O  

r 

None 1 1 2 0 1 2 ii 
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Table B.14.a. DOE-NLAB New Technologies Brought to Market: Questzon 14. Below is an 
incomplete listing of New Technologies (recently) brought to market as a result of efforts by the DOE labora- 
tories.(Source: THE NATI0,IrAL LABORATORIES of th,e l'. S. Department of Energy(l992) ) Where you 
have made use of statistical methods, please check only those capabilities where your level of involvement 
 as X a j o r  or Mznor. (See #13 for definition of M a j o r  and Xinor.) 

DOE National Laboratory 
N u m b e r  of Statisticians with 

Level of Involvement 
.Zfuj o r 'Win 0 T New Technology 

1 

2 

3 
1 

I 

2 
2 

2 

1 

1 

1 
1 

2 
1 

3 
13 
1 
5 

high-powered batteries for electric cars 
compact vacuum insulation 
petroleum sludge-treatment process 
solar-electric power plants 
oxygen-enriched diesel engine 
molten-carbonate fuel cells 
weatherization techniques for commercial and residential buildings 
coal-fueled engine 
hot-gas cleanup 
thin-film photovoltaic modules 
fiber-optic ammeter 
moving-bed hot-gas desulfurization 
single-molecule detector 
proton accelerator for cancer treatment 
flow analvsis through artificial hearts 
early detection and treatment of lung tumors 
procollagen synthesis and production 
radionuclide generator for cancer therapy 
coronary angiography advances 
semiconductor radiation-damage testing 
metallic alloys from powder atomization 
nanophase technology 
superconducting wires and tapes 
electrically conducting polymers 

1 
1 

1 

3 

post-irradiation transparent plastics 
scintillating-fiber fabrication techniques 
waste-acid detoxification and reclamation 
high-flux solar furnace 
ceramic melter technology for treating municipal solid waste 
chemical-analysis resins 
well-bore procedures for aquifer characterization 
ozone-depletion-potential measurement 
optical probes 
resonant ultrasonic inspection 
atomic vapor laser isotope separation 
plasma laser source for generating soft x-rays 
planar waveguide spectrometer for environmental analyses 
ion-beam/laser deposition system 
calibration of strain gauges at  cryogenic temperatures 
microelectronics test facility 
direct manual braille slate 
massively parallel computing advances 
atmospheric modeling 
welding-quality computer codes 
chemical and biological sensors 
fault location system 
rapid fuel analyzer 
ultralight-fabric spacecraft components 
magnetic shielding for manned spacecraft 
advanced laser interferometer 

Table B.14.b. 
' Major Involvement Subject Matter Training in Course in 

In DOE-NLAB Training Computing Skills Technical Writing 
New Technology Yes No Yes N O  Yes XO 

1 7 " > 
32  62 - 

1 
L 

At Least One 8 2 9 
None 76 17 86 

L 
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Table B.15.a. Statistical Methods Contributions to CRADAS: Questzon 15. The t,raiisfer of new 
technologies developed at DOE national laboratories has received increased emphasis in recent years. To 
help facilitate this transfer. DOE has been given authority to enter directly into cooperutzve research and de- 
cieloprnent agreements JCRADAs) with US private companies. To how many CRADAs have you contributed 
significantly where you made use of statistical methods? (Check only one box.) 

Number of CRADAs 0 1 2 3 4 5 or more 
Number of 
Professional Statisticians 79 11 6 2 5 

Table B.15.b. 

‘ Statisticai 

1 to Number of Training , Computing Skills Technical Writing 
Contributions Subject Matter Training in Course in 

CRADAS Yes yo I Yes X O  Yes YO I 

At Least One 18 3 22 1 8 14 
None 66 14 73 1 31 50 - 

Table B.16. Professional Meetings Where Training Was Received in Support of Work/Research: 
Qztestzon 16. Piease check aii that appiy where you have ever received any training i r i  support OF your work 
and research. 

Number of 
Statisticians Meeting 

47 ASA Annual Meeting 
6 ASA Winter Meeting 
6 IMS Meeting 
3 ENAR/WNAR Meeting 

3 A Gordon Research Conference 
10 
11 

30 Others 
23 None 

IS1 Meeting 

American Society for Quality Control(ASQC) Annual Technical Conference 
ASQC Chemical Division-ASA Section of Physical and Engineering Sciences Fall 
Technical Conference 

SUMMARY 

Professional statisticians are needed in a variety of jobs in industry, business, government, and 
the professions. Most of the training programs in institutions of higher education provide the basic 
formulations of statistical sciences. Although innovative programs of training supply a wide variety 
of employers. a key source of training of professional statisticians comes through employers. A 
survey (census) of statisticians at the national laboratories of the U. S. Department of Energy was 
made to assess the training contributions provided by empioyers t o  the statisticians. Gea r  evidence 
is provided that there is a need for additional training beyond the college/university training. Of 
the 103 statisticians in the universe, 93 reported a need for self-instruction: 69 reported a need 
for some on the job training by employer; and 44 reported a need for short course. workshop, etc. 
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. , ‘ t  I :  

training at a professional meeting. For these statisticians, this additional training has certainly in- 
cluded non-statistical training. Suggestions are made and information is provided to help improve 
the future training by universities and employers of statisticians for applied collaborative work. 

Des statisticiens professionnels sont neckssaires pour une varikte de travaux dans l‘industrie. le 
commerce: le gouvernement et les professions. La plupart des programmes d’entrahement dans les 
institutions d’kducation supkrieure offre les bases de la science statistique. Quoique les programmes 
d’entrainernent modernes offrent une assez large variktk d’employeurs. une des sources principales 
d’entrahement de statisticiens prof4ssionnels se trouve chez les employeurs mkmes. Une enqukte 
(cens) a 6tk conduite par le Dkpartement de L‘Energie des Etats Unis (US DOE) pour chercher 
d’ 6tablir quelles sont les contributions des employeurs vers l’entrajnement des statisticiens. Le 
result at prouve clairement qu‘un entrainement additionnel se fait nkcessaire apres l’entrainement a 
I’universiti?. Des 103 statisticiens dans l‘univers de l’enquete. 93 on dit avoir eu besoin de s’instruire 
eux-mkmes, 69 ont eu besoin d’entrainement au travail par l’employeur. 44 ont eu besoin d’un cours 
de courte duree. “workshop“. etc. Pour ces statisticiens, cet entrainement additionnel a certaine- 
ment inclus aussi des &tudes hors du champ de la statistique. Voici des suggestions et des informa- 
tions qui devront aider a amkliorer le futur entrahement fait par les universitbs et les employeurs 
pour enseigner le travail de collaboration appliquee aux statisticiens. 
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