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B.  Comments on Assessments  - -  by George Hazelrigg 
 
Beginning with the Clinton Administration, assessments and accountability became watchwords of the 
Federal Government. Without assessments there can be no accountability, and without accountability 
anything goes. Clearly this is bad. So clearly assessments are necessary. And few things could seem 
more American than assessments. Assessment methodologies abound. But most (methods) centers 
around defining objectively measurable goals, and then taking measurements to see how something 
rates against the goal. This, on the surface, seems logical and appropriate. Unfortunately, as is well 
known in the science of social choice theory, these techniques are fraught with mathematical paradoxes, 
dilemmas and failures. Indeed, contrary to the objectives of assessments, it is entirely possible that the 
assessment itself will degrade the performance of the system being assessed. Nor is this at all 
uncommon. 
 
First, we need to recognize that all assessments represent, in some sense, an aggregation of data. 
Projects and research results, for example, are complex and multi-dimensional. There are myriad facets 
to every project, and no project can be fully captured by a single or even multiple indices. Thus, any finite 
set of measures will aggregate the complexity of a project into these finite measures. Now that might not 
seem bad in and of itself. And, indeed, in the right cases, it might be acceptable. But more often it is 
wrong and misleading, and in very subtle ways. Let me say at the outset that I have nothing against the 
collection of data per se. It can be plotted to make pretty graphs that can be hung on the wall for 
decoration and inspiration. Problems arise, however, when one tries to use such data aggregations in 
decision making. An example might help illustrate how assessments lead to bad decision making. 
 
The faculty at Omega Institute of Technology have been trying to improve teaching techniques for the 
presentation of fundamental concepts in engineering. Two rather promising teaching techniques, 
Methods B and C, have been proposed as alternatives to the present approach, which we will call 
Method A. It is decided to test these techniques on the incoming Freshman class of 342 students. The 
class is divided into three groups of 114 each, and each group is taught three different topics, each with a 
different one of the three techniques. The teaching techniques are rotated among the groups, so that 
every student experiences every technique, and every technique is used on every topic. After each topic 
is covered, a standardized test is administered, and the student’s grades are recorded. For simplicity, let 
us assume that the three groups are perfectly sampled, so that there is no sampling error, and all 
students’ test scores are completely reflective of the knowledge that they gained from their studies so 
that the assessments are true and accurate. Thus, any problems that arise are strictly the result of the 
assessment method itself. 
 
The question asked is, which teaching method is most efficacious? Efficacy is measured in terms of test 
scores. After testing the students, the faculty scanned and aggregated the test scores to determine which 
teaching method yielded the highest scores. The results are shown in Figure 1. Clearly, of the three 
methods tested, more students do better with Method C. The outcomes have been assessed and, of the 
three methods tested, the students taught by Method C get the highest grades. The choice to adopt 
Method C is now well rooted in the assessment, and this then is the choice taken. 
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What could be more straight forward than an assessment such as this? To be sure, Method C is the best 
method among the three tested. What could possibly be wrong? We get some interesting insights when 
we look at an underlying student population from which such a result as that given in Figure 1 might 
derive. Recognizing that different teaching methods work better for different students, the table below 
shows one possible student population that would yield exactly the results of Figure 1. 
 

 
 

Given this underlying population, lets now compare the different teaching methods by pairs. It is easy to 
see that more students, 174 out of 342 or 51 percent, get a higher grade when taught by Method A than 

________________________________________________________________________ 
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when taught by Method B. Also, more students get higher grades when taught by Method A than Method 
C. Further, 216 out of the 342 students or 63 percent score higher when taught by Method B than 
Method C. In fact, more students would get higher grades if taught by Method A, the current method, 
than either Methods B or C. Surprisingly this result is completely compatible with the results of Figure 1. 
Furthermore, more students would get higher grades if taught by Method B than Method C. So, 
examination of the underlying population provides exactly the opposite insights as our original 
assessment results. Based on their assessment, OIT has elected to adopt a teaching method that will 
actually result in students getting lower grades.  
 
There is a very subtle yet crucial difference between the results of Figure 1 and those obtained by 
pairwise comparison of the methods. The results of Figure 1 address the question, if all students are 
taught by all three methods, A, B and C, what fraction of students will obtain their highest grades for each 
method? But the pairwise comparison addresses the question, if all students are taught by only one 
method, which method will result in more students getting better grades? The surprise is that, although 
these questions differ only very subtly, the correct conclusions for each are diametrically opposite. 
 
Do assessments of this sort lead to bad decision making? You bet they do! An outstanding example is 
that of Coca Cola’s decision taken several years ago, based on survey assessment data, to move to New 
Coke. In the surveys, New Coke beat out both Classic Coke and Pepsi. So the obvious decision was to 
drop Classic Coke and compete against Pepsi with New Coke. But this decision cost Coca Cola dearly, 
and what they found was that, although New Coke was the most preferred taste when compared to both 
Classic Coke and Pepsi, it was the least preferred taste  when compared only to Pepsi. And, indeed, 
Classic Coke was preferred to Pepsi, while New Coke was not, in direct contradiction to their survey 
results. This misuse of survey results cost Coca Cola big time, both in lost profits and lost market share. 
 
Faced with results like this, many people suggest that the solution is to find the correct assessment 
methodology–aggregate the survey data correctly and these problems wouldn’t happen. Correct 
aggregation of survey data (voting, for example), has been a topic of research in the field of social choice 
for literally thousands of years.  
 
The following web site:  http://www.maxwell.syr.edu/maxpages/faculty/jskelly/biblioho.htm   lists many 
thousands of references on the subject. But perhaps the most notable is by Kenneth Arrow. In 1951, for 
his PhD thesis, Arrow provided a proof that essentially says there is no correct survey methodology. 
Specifically, Arrow’s Impossibility Theorem is as follows: 
 

It would seem reasonable that a data aggregation rule should satisfy the following conditions: 
 
1. If everyone prefers alternative A over all other alternatives, then the aggregation rule should 
select alternative A. (Dominance.) 
 
2. If the group prefers alternative A over alternative B, and the group prefers alternative B over 
alternative C, then the group should also prefer alternative A over alternative C. (Transitivity.) 
 
3. The group preference of A over B or of B over A should not depend upon the existence or non-
existence of alternatives C, D, E, etc. That is, it should depend only upon the preferences 
regarding A and B. (Irrelevance.) 
 
4. There should not be a dictator who decides upon the group preference independent of the 
preferences of any other persons in the group. (Dictatorship.) 
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Arrow’s Impossibility Theorem states that any aggregation rule that guarantees satisfaction of the first 
three conditions necessarily violates condition 4, that is, any rule that satisfies the conditions of 
dominance, transitivity and irrelevance, is of necessity a dictatorship. Ergo, no “correct” aggregation 
method exists. Nor will one ever be found. 

 
Arrow, who is currently Professor Emeritus in Economics at Stanford University, won the 1972 Nobel 
Prize in Economics for his proof. The proof has stood the test of time, and it is thoroughly vetted by both 
the economics and the mathematics communities. It is a profound proof that has serious and deep-
reaching impact on many fields, including engineering. (For Example, it is a proof that sensor data fusion 
is a bogus approach, no matter what method is used.) But its import for assessments is that all 
assessment methods lack mathematical rigor and, hence, all assessment 
methods can lead a decision maker astray. 
 
Conclusion: The use of assessments in support of decision making is not mathematically correct, 
and can lead to exceptionally poor choices. 
 
Where does this leave us? Can we do nothing? The real problems center around the fact that few people 
have the mathematical background necessary to do assessments and use them in a useful way, and that 
intuition alone leads to highly improper use of assessments. The only correct approach 
to use of data in support of decision making is to employ classical decision theory. That said, it is 
possible to do useful assessments? 
 
First, if the decision maker is precisely clear about the objective of a decision making process and if there 
exists a measurable index that represents that objective fully and precisely, then it is appropriate to 
assess that index, and this index may be used in support of that specific decision but no other decision. 
Further, suppose the measurable index is a function of two or more variables, themselves indices. Then 
it is appropriate to assess these indices, provided that their only use is to compute the overall index. 
 
Second, I can support the use of assessments to provide display graphics and inspirational material, 
provided that there is a clear understanding that they are not to be used in support of decision making of 
any kind. This includes case-study assessments that illustrate the good stuff we do. Nuggets are a great 
example of a useful assessment. They are convincing, and correctly so, in showing that at least some of 
the research we fund provides results that are beneficial to society. But they do not address questions 
regarding efficacy of research funding, effectiveness of the programs overall, or questions regarding 
research priorities. Any use of them for these purposes could be rather misleading.  
 
Ain’t nothing simple, and assessments surely aren’t an exception to this rule. To design assessments 
that are useful and beneficial, one must be a specialist in the mathematics of assessments. And, 
unfortunately, the intuitive appeal of assessments can lead the unwary far, far astray. Beware! 
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C.  NSF Committee of Visitors / Assessment Duties 
 
COVs are currently required to perform an award impact assessment (AIA)—in addition to reviewing the 
processes of handling proposal awards and declination which relies on the NSF merit review process.  
The mandatory NSF template for COVs includes the following AIA-related assessment instructions and 
questions (quoted from the NSF PAM): 
 
“The COV report should provide a(n)…assessment of  NSF’s performance in…the quality of results of 
NSF investments in the form of outputs and outcomes that appear over time.  The COV also explores the 
relationships between award decisions and program/NSF-wide goals in order to determine the likelihood 
that the portfolio will lead to the desired results in the future.” 
 
Items to which the COV must respond in detail, citing award numbers and content, include the 
following: 
 
“A.4.1. Overall quality of the research and/or education projects supported by the program.” 
 
“A.4.3. Does the program portfolio have an appropriate balance of high risk projects?” 
 
“A.4.4 Does the program portfolio have an appropriate balance of multidisciplinary projects?” 
 
“A.4.5. Does the program portfolio have an appropriate balance of innovative projects?” 
 
“A.4.10. Does the program portfolio have an appropriate balance of projects the integrate research and 
education?” 
 
“A.4.11. Does the program portfolio have an appropriate balance across disciplines and subdisciplines of 
the activity and of emerging opportunities?” 
 
“A.4.13. Is the program relevant to national priorities, agency mission, relevant fields and other customer 
needs?” 
 
“A.4.14. Discuss any concerns relevant to the quality of the projects or the balance of the portfolio.” 
 
“The following questions are developed using the NSF outcome goals in the NSF Strategic Plan.  The 
COV should look carefully at and comment on (1) noteworthy achievements of the year based on NSF 
awards; (2) the ways in which funded projects have collectively affected progress toward NSF’s mission 
and strategic outcomes; and (3) expectations for future performance based on the current set of awards.  
NSF asks the COV to provide comments on the degree to which past investments in research and 
education have contributed to NSF’s progress towards its annual strategic outcome goals and to its 
mission…” 
 
“B. Please provide comments on the activity as it relates to NSF’s Strategic Outcome Goals.  Provide 
examples of outcomes (nuggets) as appropriate…” 
 

 
 

D.  Original Charge to Task Group  - -  See next page. 
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Draft 
 

4D/ENG Policy Memorandum No. 04-0 
 

Subject:  Awards Impact Assessment Task Group                                   July 14, 2004 
 

Introduction:  Effective August 1, 2004, the Awards Impact Assessment Task Group is 
established within the Directorate for Engineering (ENG). 
 

Responsibilities:  The Task Group is responsible for recommending how ENG should determine the impact of 
its investments in research, education and innovation. 
 

ENG's mission is to enable the engineering and scientific communities to advance the frontiers of engineering 
research, innovation and education.  Although, in the short term, it is difficult to link specific research and 
education projects with longer term impacts, the overall linkage has been demonstrated time and again, and 
underpins the public's confidence in the value of Science & Engineering (S&E) research and education.   
 

Examples of performance indicators that have been used or considered in the past include: 
 

1.  Major external awards to engineering and science PIs (Draper, Waterman, NAE, Nobel) 
 

2.  Published and disseminated results, including journal publications 
 

3.  Development of a field of investment (e.g., research, funding level, inventions, patents  
 

4.  Role of NSF-sponsored activities in stimulating innovation and technology development 
 

5.  Use of products or results beyond the research community 
 

6.  New tools and technologies, multidisciplinary databases; software; newly-developed 
           instrumentation, and other inventions 
 

7.  Education, workforce, diversity: 
 

  CAREER awards /outcomes 
 

  Students supported 
 

  PIs from under-represented groups / changed demographics 
 

  Student, teacher and faculty participants in NSF activities 
 

8.  Studies / Assessment 
 

  Customer survey (PIs, grantees) 
 

  Committee of Visitors (COV) reports 
 

  Electronic Information System (EIS) data 
 

  Nuggets   

9.  Leveraging of NSF investments to obtain other resources 
 

  Partnerships 
 

  Follow-on support 
 

Membership:  The membership of the Task Group is as follows: 
Aung, Win   waung@nsf.gov  EEC 
Baheti, Kishan  rbaheti@nsf.gov  ECS 
Culbertson, Jo  jculbert@nsf.gov  OAD  NOTE:  Other members  
Hamilton, Bruce  bhamilto@nsf.gov BES              were added later. 
Hennessey, Joseph jhenness@nsf.gov DMII 
Parker, Linda  lparker@nsf.gov  EEC 
Wellek, Robert  rwellek@nsf.gov  CTS Chair 

 

Operation: The task group will gather and analyze performance data, review current ENG policies and 
practices, and provide data, analyses and recommendations to the Engineering Management Group (EMG) in 
one or more reports.  The task group will be guided by the EMG - - as to specific and timely topics to address.  
The task group will meet regularly and remain in force until dissolved by the EMG. 
 
       John Brighton  
       Assistant Director for Engineering 
Distribution:  
All ENG Staff 

________________________________________________________________________ 
 

Appendix                                                                                                                                            Page 29 of 29 

mailto:waung@nsf.gov
mailto:rbaheti@nsf.gov
mailto:jculbert@nsf.gov
mailto:bhamilto@nsf.gov
mailto:jhenness@nsf.gov
mailto:lparker@nsf.gov
mailto:rwellek@nsf.gov

	CONCLUDING REMARKS ON ASSESSMENTS   40
	Support Documentation Follows
	4D/ENG Policy Memorandum No. 04-0

