
THE STATISTICAL' CONSULTANT 

Committee on Statistical Consulting Education 
Section on Statistical Education . 

. American Statistical Association Ron Wasserstein, editor 
Fall, 1988 Volume 5, No.3 

CONTENTS OF TIDS ISSUE: 

1. An Expert System for Statistical Strategies 
2. Statistical Consultants as Quality Improvement Agents 
3. Solutions to past Statistical Consulting Problems 
4. Minutes of the New Orleans meeting of the Committee 

on Statistical Consulting Education . 

.An Expert System for Statistical Strategies 

John H. Schuenemeyer and Sarah Tung 


. University of Delaware 


(Editor's note: This is another installment in the series "Expert Statistical Systems: Will.they make 
Consultants. Obsolete?" ) 

, We have developed an artifiicalintelligence system called STATCAN. Its purpose is to guide 
scientists and engineers who do not have access to statistical consultants or do not use their services to 
define an appropriate analysis of variance model. It also recommends and provides inJormation ' 
necessary to analyze the model with statistical software (SAS and Minitab at present). Statistical 
software is widely available, but much of it lacks the necessary guidance. 

A major question we addressed prior to and during the development of STATCAN was, "What 
activities performed by a consultant could be assigned to an expert system?" To address this question, 
we carefully studied the consulting process. Our goal was to identify elements common to all statistical 

. consulting sessions. We interviewed a number of e~perienced statistical consultants and viewed 
numerous tapes of consulting sessions. While viewing the tapes we took detailed notes. Although the 
clients had diverse problems and backgrounds, and the consultants used different techniques and 
strategies,some consultant activities were common to all of the sessions. These included: 

-Putting the client at ease. 

-Ascertaining the client'sovetall needs and wants. 

-Establishing a game plan for this session . 


. -Telling the clIent what you are willing to do. 

-Ascertaining the client's statistical and computing background 


. :-Discussing the scientific problem. . 

-Deciding on a course of action. 

-Making sure the client understands the advice. 
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In most sessions the material is not discussed in such an organized fashion. In a typical one hour 
consulting session, topics may change '40 or 50 times. For example;a discu~sion about a software 
package may be followed by remarks about combining variables. This may be followed by a discussion 
of the client's background in statistics. Later the participants might return to the subject of statistical 
software. 

The discussion of the scientific problem is often extremely complex and involves questions about the 
nature of the problem, the data, the design, and numerous other topics. Unlike some other artificial 
intelligence applications, there is not a one-to-one mapping between problem and solution. The 
consultant's advice often is affected by his or her training and experience, the statistical sophistication 
of the client, the nature of the data, time constraints, and other factors. 

How can information learned from a study of 
human consultants be used in an expert system? 

We hopedtoestablish 1) a useful model of the consulting se sion, and 2) a submodel of the statistical 
strategy used to select a one- or two-way .analysis of variance model (crossed, repeated measures, etc.). 
The study of a variety of consultants shouid yield a robust sta~isticalstrategy. . 

A question we asked after viewing, each ofthe tapes was, "Hpw can information learned from a study 
of hum..an c.onsideratiOns be used in an exper. t system?" It is n~t necessary.'. or desrrable for the computer 
to mimic a human consultant, but the, computer can ask many OLlthe same questions. These would include . 

-------- -inqui~the-e1ioot-'s-b~lygr-ooad--in.-comp:utillg-.and~statistics,.'the type of data,:...nqmher-':'~_~_ 
independent variables, and how expetimentaLunits were assigned to treatments. 

There are some tasks that a computer can perform well. For example, it provides the client with an 
organized structure. It does not torget to' ask questions (so long as we humans are SmQIt enough to 
program them): The computer can store a qumberof pertinent examples and display a variety ofgraphics . 
The computer: is a patient and often non-threatening tutor. The computer provides a consistent level of 
advice. It is cheap and readily available. 

Clearly there are. many tasks that are difficult for the computer consultant,to handle, not the least of 
which is data analysis. It also has difficulty understanding graphical data, knowing what to do with 
missing data, and responding to open ended questions, such as, "What else ca~ 'you tell me about this 
problem?" The solution to some of these problems will require more advanced natural language 
processors. Our prototype system has not been formally evaluated, so our conclusions are tentati.ve. 
Further study and development will lead to a greater understanding of the consulting process and should 
have a positive impact upon future generations ofstatistical packages, and tools used to train consultants. 
It appears that expert systems may have a role to play in consulting but it is doubtful that.they will ever 
replace us, since even the solution ofrelatively simple problems involves a complexseries ofinteractions 
between client and consultant. 

(Note: A more.detailed description of the features ofSTATCAN may be obtainedbywridng one of 
the authors.) 

Remin d er: If you have not paid your $5 newsletter subscription fee, please send a check to 
Bill Bridges, Dept. of Experimental Statistics, Clemson University, Clemson, SC 29634 

Please include your address so that we can check our records. Make the check payiihle to the 
t\merican Statistical Association. 

http:tentati.ve
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Statistical Consultants as Quality Improvement Agents' 
Rick L.Edgeman, Colorado State University 

American domination ofa vast array of key world markets has either sharply deteriorated or has been 
altogether erased. In many instances this can be directly linked to the availability of similar products of 
superior quality at lower cost from overseas suppliers. On the domestic frontier, lower productivity and 
higher costs 'are companions to merchandise of inferior quality and low~r reliability. 

The demise of America from the largest lender nation in the world into the worlds' greatest debtor 
nation is well-known. In stark contrast is the rise ofJapan from the rubble of World War II to its status 
as the world's largest lender nation. Quality and reliablility ona nationalleve1 are frequently identified 
as key factors contributing to the relative positions of America and Japan in the global economy. For 
the past four decades Japan has emphasized statistical quality control (SQC) and reliability. These fields 
represent an area where statistical consultants can contribute to a national reclamation ofpositions of 
competitive advantage. 

Quality control and reliability have traditionally been regarded in academia, with some notable 
exceptions, as subjects unworthy ofintellectual consideration. America's competition dilemma is rather 
difficult to deny~ however, and several quality / reliability/ productivity programs have recently come 
into being. One pl'oblemconfronted by these programs is a shortage of faculty members with extensive 
academic .preparation in quality control and-reliability;' Most faculty members, with substantial 
background in these areas acquired that background during stints in industry or under the direction of 
thetalented, though relatively small number ofquality/reliability professionals that have made the leap 

. from industry to academi~. 
Some of our professions' foremost members serve as role models in quality control and reliability. 

Included in this list are such people as George Box, 1. Stuart Hunter, currentASA president Robert Hogg, 
ASA Past -President Don Marquardt, Brian Joiner, and Tom Boardman. Contributions to quality control 
by the lateW. G. Hunter were extensive. These and other statisticians are in the trenches of the raging 
global quality and reliability revolution., Their services range from those of in-house consultant to 
academic educator to' seminar leader. Their service is critical to the reestablishment 'of American 
competitive advantage in key world markets. 

REQUISITE SKILLS 
As with most statistical consulting, the ability to communicate and to cut to the heart of a problem are 

. important. Similarly, computer proficiency is needed. But the successful SQC / reliability consultants 
that I am acquainted with have something more - a burning passion to improve a process, service, or 
product and the bravado to believe that it can be done even when those intimately familiar with the 
process, service, orproduct either do not believe that it is in need ofimprovementorbelieve that itcannot 
be improved despite such a need. This frequently requires the SQC/ reliability consultant to acquire an 
in-depth understanding and appreciation of the process, service, or product. Willingness to learn and 
patience are of significant importance under such circumstances. ' 

Wl:tile a broad-based statistical background is clearly advantageous,there are some areas ofexpertise 
that are more importanuhan others for the SQC / reliability consultant.' On my unprioritized list 
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of important areas of expertise are the followin,g: . 
-statistical quality control (including an array of control chart techniques, process 
capability analysis, and acceptance sampling) 

-sequential analysis, particularly as applied to cumulative sum (CUSUM) methods 
-graphical amilysis including stem-and;..leaf plots, digidot plots, probability plotting 
methods, and hazard plots 

-reliability and life data analysis methods including handling ofcensored data and. 
accelerated life test data 

-response surface/experimental design methods with a special emphasis on screel1ing 
designs such as Plackett-Burman designs and other highly fractionated designs," 
rotatable designs, steepest ascent/descent. methods, and evolutionary operations (EVOP)' 

Beyondthe statistical tools listed above: the successful SQC / reliability consultant mustbe' (at le~t 
passingly) . familiar with. the philosophies of the quality gurus such as ,Deming, Crosby, Juran, 
Feigenbaum, Ishikawa, and Taguchi. 

ONE ROLE FOR THE CONSULTANT' 

Walter Shewhart, the father ofSQC, said in his classic 1939 test, Statistical Method from the Viewpoint 


ofQuality Control, that "the long range contribution of statistics depends not so much on getting a lot of 

highly trained statisticians into industry as it does in creating a statistically minded genera,tion of 


__~,p'hyJ)icis,tssJlemiSl~.!~ngineers, and Qthe.rs who in..anyway. ha~ hand ill develQPing and directiI1gthe_~~~~_ 
productiol1processes of tomorrow. II Nearly five decades ago Shew hart, forecast the role filled by many 
SQC / reliability consultants of the present. 

Much SQC / reliability consulting today assumes the form of professional seminar presentation 
revolving around topics such as experimental design and statistical quality control. Ordinarily these 
seminars are conducted in one of three manners: at a conference center with representatives from a 
numberofcompanies in attendance; in-house at orie company with representatives from a variety ofunits 
within the company in attendance; or in-house within a single unit (or a few related units) of a company. 
While the topic(s) presented under each of these three formats may be the same; the latter two formats 
are likely to incQrporate analysis of actual or simulated data from the company or uni~ within a company 
and, hence, the application of the seminar topics is more evident to the participants. 

Through these seminars and through the nsing number of academiC programs in quality / reliability 
I productivity, the statistical community can contribute. to Shewhart's vision of a generation of 
statistically-minded professionals. In tum these professionals work within the quaiity function of their 
company and are more apt to recognize situations where the expertise of the.consultant is needed. Thus, 
the SQC / reliability consultant effectively fills the role ofan agent forquality improvement. By swelling' 
the ranks of effective quality improvement agents, the statistics profession can accelerate American's 
return to the road of competitive advantage .. 

Consulting Problem Solutions 

In this issue we present solutions to two problems which were proposed in previous issues of The 
. Statistical Consultant. We remind you that we are still looking for consulting problems that you 
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have found particularly interesting or unusual. The problems need not be exceptionally difficult. 
We seeksolutions from consultants or from students, so this should be kept in mind when you select a 
problem. Please address problems or solutions to Dr. Dennis L. Clason, Dept. ofExperimental Statistics, 
Box 3130; Las Cruces, NM 88003·3130. Dennis takes over as problem editor with this issue; 

In the last issue, Peninnah Miller (Western Michigan University), proposed the following problem: 
The Gregorc Style Delineator Research Instrument is used in the social sciences to measure cognitive 
style. The instrument yields measurements on four "channels": concrete sequential, concrete random, 
abstract sequential, and abstract random. Each of these four has meaning to researchers who use the 
instrument to help determine subjects' preferred styles of leaming. However, the four scores from the 
instrument sum to 100 for each subject. A score may take on a value from 10 to 40. The researchers are 
often interested in comparing the profiles ofgroups ofpeople and in determining which is the dominant. 
chanriel for each group. 

Dr. Sonya Blixt of Kent State has proposed a solution to this problem. She suggests first converting 
from raw scores to standardized (z-) scores computed within subject. The sum (and hence mean) for 
each individual is now 0, but the value of the score indicates magnitude and deviation from the mean. 
[Problem editor's comment: Rather than standardizing within subject, based on the mean and standard 
deviation; we could conceivably standardize on some hypothesized, joint distribution for xl' xz' x3' x4 

which yields desired marginal distributions. I don't think any standardization is needed. Reader's 
. comments?] To test for group differences Dr. Blixt suggests using a repeated measures ANOV A with 

group as the main effect and channel score as the repeated factor. Note that in any event there 'should 
. be no bTfoupmain yffect -- all groups have fl = 100 ( orO ifyou standardize). Asignificant group x charmel 

interaction indicates different profiles for the groups. A failure to obtain significant interaction for grOup 
x channel combined with a significant channel effect is indicative of a commonchannel for all groups, 
which can be sorted out with post hoc techniques like LSD's, Newman-Keuls, etc. 
We also received another solution to Arnold Saxton's problem (Vol. 5, No.1). This solution came from 

O.B. Allen, A. RWilliam, andD. A. J. Ryan atthe University of Guelph. We will publish this solution 
in the next issue. 
Again a reminder: we need problems for this section of the newsletter. We thank our past contributors 

for their efforts, and encourage all of you to consider participating in this section. 

MINUTES OF THE COMMITTEE ON 

STATISTICAL CONSULTING EDUCATION 


The following are the minutes of the committee meeting, which took place at August 22, 1988 in 
New Orleans, LA. 

1. Committee chair Janice Derr called the meeting to order. The members present introduced them
selves. 

2. Dr. Derr presented a brief history of the committee. 
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3. Ken Koonce updated the committee on the proposal to give the committee subsection status within 
the Section on Statistical Education. The committee on Sections and Subsections met this morning. This 
committee will send its comments and concerns to Dr. Koonce. Our committee will then respond with 
a final revision of the petition. The Board of Directors will then consider the petition, which, if their 
recommendation is favorable, will go out on a ballot tothe membership. 

4. Dr. Derr presented a report on the newsletter. Bill Bridges reported on the status ofpaid su bscriptions. 
Suggestions were made to improve the collection ofthe $5 subscription fee, including the possibility of 
enclosing a return envelope in the next newsletter. Jack Schuenemeyer agreed to coordinate an effort 
to seek private funding for the newsletter. He requested information about any contacts people might 
have in this regard. 

5. Ron Barnes (University of Houston-Downtown) agreed to serve as secretary of the committee. One 
responsibility he will have is the updating of the directory of consulting centers. 

6. Program ideas were discussed. There will be an invited session sponsored by the committee at the 1989 
meetings. The committee is also looking to establish a topic-contributed paper session on the ~ubjectof 

~_~__~_~p~rt=£Y~IDsal1heI989_!Deeli!!gs~9J?Umholtz ~ill oxg~ th!§~essjon~.t\J!lncheoI1roundtl,l,bJ~__~___> _~_ 
session will. be organized by Barbara Mann. Ray Crain suggested the following ideas for topics: 
"Organizational aspects of consulting" and "The consultant as advocate to software vendors." . 

7. Dr. Derrnoted that there may be 'non-vendor' display areas at the 1989 meetings. The committee may 
want to consider putting together a display on "Resources in Statistical Consulting Education." 

8. Steve Baker suggested a readership survey in the next newsletter. Some discussion about the 
certification of statisticians ensued. Jim Boen will be writing a letter to Dr. Hogg on the subject. 

EDITOR'S REMARKS 
Many thanks must be expressed with regard to this issue. Iappredate the efforts of Janice Derr, the 

former (and future?) editor for her valuable assistance, and hope she is enjoying her sabbatical in 
England. Bill Bridges continues to make enormous contributions, including the coordination of the 
Expert Systems series and the handling of the subscriptions. Jeff Garfinkle serves as keeper of the 
mailing list, and Dennis Clason has come on board as problem editor. Thank you aU very much: 

My thanks also to the contributors in this issue. Without them, this newsletter would contain 6 pages 
of my stuff and no one would want to read that. 

In the next issue, we plan to begin a series of discussions on ethical i~sues in consulting. If you have 
any ideas for this series, or any other contributions you would care to make, please write me: Ron 
Wasserstein, Dept. of Mathematics and Statistics, Washburn University, Topeka, KS,6662L 
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