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Effective management of research and development re­
quires effective analysis and evaluation of its programs 
and projects. At the project level, for example, it is 
not enough that an effort meet the requirements set forth 
in the project's work statement; it must also advance or 
implement an organization's policy. Implementing policy 
and changing it when necessary is what an effective or­
ganization is all about, and its program structure should 
reflect this. This paper demonstrates an approach to 
evaluating research and development activities that at­
tempts to achieve this ideal. 

A synthesis of management science teclmiques( in­
cluding Ackoff's theory of htunan communication !, b 3) 
as adapted by Martin (4), and Forrester's theory of sys­
tems dynamics (5, 6, 75"; was developed to evaluate the 
significance of profects and programs and their potential 
contributions, as well as subjective performance factors 
that may influence the outcome of each individual project 
or program. A Policy Interaction Potential (PIP) Index 
was devised to evaluate both the projects and the program 
containing them in terms of i.hree functions-information, 
instruction, and policy. These functions were assigned 
weights that assist in decision making. The informa­
tional components carry the least significance and the 
policy components the most. A simple equation was de­
vised to produce numbers that provide management with 
information concerning the extent to which its research 
and development effort is supportive of its policies. 

A lot of money is spent on research and development 
(8)-in 1975 about $34.3 billion (2.3 percent of our gross 
1mtional product). A more detailed 1>icture of the na­
tional research and development effort in 1975 shows 
that, in terms of funding sources, the federal govern­
ment provi_ded 53 percent ($18.2 billion), while industry 
contributed 44 percent ( $15 billion). Industry performed 
70 percent of the worlc ($23.9 billion) and the federal 
government 15 pe1·cent ($5.2 billion). For state re­
search and development expenditures, the latest figures 
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available are for 1973, when $ 340.3 million was spent, 
more than 63 percent by the federal government. 

About 20 percent of our gross national product con­
sists either directly or indirectly of transportation of one 
kind or another. The U.S. Department of Transporta­
tion (DOT) share of this for research and development 
in fiscal year 1976 is more than $416 million. The total 
DOT Iigure represents about a 6 percent increase over 
that for fiscal year 1975 (9). 

The PIP Index was applied to programs and projects 
at three different levels-international, federal, and 
state. On the international level, DOT' s International 
Cooperation Program (ICP) was used, at the federal 
level we used DOT' s Federal Highway Administration 
(FHWA) Federally Coordinated Program of Resea1·ch and 
Development in Highway Transportation (FCP), and at the 
state level we use the Maryland Department of Trans­
portation's Annual Work Program (AWP) under the Sys­
tems Planning and Development Division. 

DOT has cooperative arrangements with more than 25 
countries and internationai organizations. Tnis gives the 
department access to foreign research and development 
activities, and the results of these activities are applied 
to the solution of U.S. transportation problems. Cooper­
ation takes the forms of information and personnel ex­
changes, complementary research, and task and cost 
sharing. 

FHW A's FCP sets up research and development ac­
tivity cente1·ecl on the most critical problems in seven 
major categories (10). In this paper, we will analyze 
category 3-Environmental Considerations in Highway 
Design, Location, Construction, and Operation. The 
FCP also coordinates the work of state agencies, private 
industry, research organizations, universities, and fed­
eral agencies. 

The Maryland Department of Transportation's AWP is 
funded by federal, state, and local revenues. In fiscal 
year 1976, $225 000 was expended for research and de­
velopment. These studies support a multimodal trans­
pol·tation planning and progri\lltllling process (g_). 

EVOLUTION OF THE PIP INDEX 

Research and development planning and control techniques 



Figure 1. Project PIP Index for DOT's International 
Cooperation Program in Poland. 
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Figure 2. Project PIP 
Index for FHWA's 
Project 3B. 
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were used as a basis for setting up the PIP Index. Our 
major focus, however, was on Forrester's industrial/ 
systems dynamics, since it has direct input into the 
PIP Index. 

Systems dynamics was developed by J. W. Forrester 
(~, .§., 'J) as a model of organization. Edward Roberts 
(12, 13) adapted this concept for a dynamic planning and 
control system for research and development. Roberts 
was critical of other planning and control techniques be­
cause he felt they lacked the basic element of a control 
system-the human variable, the scientist or researcher. 
It is the individual who evaluates the progress of a re­
search and development activity; if the individual is not 
motivated, he or she will be nonproductive and comple­
tion time will be affected. Roberts, however, neglected 
to provide adequate measurement criteria for individual 
behavior. 

This omission was remedied by Ackoff (1, 2, 3), who 
proposed a theory of human communication -by defining 
"purposeful state," which is based on an individual's per­
ception of his alternative courses of action, probabilities 
of outcomes, and alterations in the initial conception of 
a purposeful state. Martin (4) adapted Ackoff's theory 
and proposed three levels ofcommunication. He called 
the first level, which refers to information, "inbits"-a 
message that provides knowledge of new courses of ac­
tion. He called the second level, which refers to in­
struction, "hubits"-a message that changes an individ­
ual's evaluation of the outcome of alternative courses of 
action. The third level, which refers to motivation or 
policy, he called "mobits"-a message that changes an 
individual's value of the worth of the outcomes of certain 
actions. This represents a hierarchy from inbits at the 
most elementary level to mobits at the most sophisti­
cated level. This classification was applied to research 
and development programs and projects. 

The PIP Index is divided into Project PIP and Pro­
gram PIP. These indices involve a functional relation­
ship and are calculated as follows: 

Program PIP= f1(0.0l) + ftt(0.10) + fM(l.00) 

Project PIP= [DT1(0.01) + DTtt(0.10) + DTM(l.00)]/PC 

(I) 

(2) 
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The Program PIP Index is a function of the total number 
of inbits, hubits, and mobits, multiplied by their re­
spective weights-inbits = 0.01, hubits = 0.10, and 
mobits = 1.00. The Project PIP Index is a function of 
the project task costs multiplied by the respective 
weights in relation to the resources of the whole project . 

IMPLEMENTATION OF THE PIP INDEX 

The PIP indices were applied to DOT's ICP, FHWA's 
FCP, and the Maryland Department of Transportation's 
AWP. The Program PIP Index evaluation of DOT's ICP 
indicates the relative importance of programs in various 
countries. Four example countries are shown below in 
terms of the three functions . 

Country lnbits Hu bits Mobits Total 

Iran 3.00 3.00 
Israel 0.04 0.10 1.00 1.14 
Poland 0.04 0.10 0.14 
U.S.S.R. 0.06 0.10 1.00 1.16 

The program in Iran is the most sensitive to policy 
(index score = 3.00), followed by the Soviet Union, Israel, 
and Poland . 

Figure 1 shows the Project PIP Index scored cumu­
latively in Poland. Since project intensity is expected 
to increase in a cumulative fashion, Figure 1 contains 
the cumulative values of individual project scores. 
While the Program PIP Index for Poland was an unim­
pressive 0.14, there was an encouraging increase as 
projects were added. Project 1 began with an index of 
0.02 in 1973, and, by the beginning of project 5 in 1974, 
the index had increased to 0.14. This tends to support 
our expectations that projects will become more sensi­
tive to policy over time. 

Application of the Project PIP Index to FHWA's Proj­
ect 3B (see Figure 2) shows a peak value of 0.06 in 1974; 
from then on the project had diminishing policy utility. 
In fact, FHW A has decided to phase out this project. In 
an improvement over the earlier analysis of Polish proj­
ects, better data on task costs permitted the development 
of an annual indicator for a specific project rather than 
a cumulative evaluation of projects within a country. 

Applying the Program PIP Index to Maryland's AWP 
shows a Program PIP of 1.46, which indicates heavy em­
phasis on informational (0.06) and instructional (0.40) 
components. 

Project Number lnbits Hu bits Mobits Total 

6000 0.01 0.0, 
6001 0.01 0.10 0.11 
6003 0.01 0.01 
6004 0.10 1.00 1.10 
Al I projects 0.06 0.40 1.00 1.46 

This indicates that Maryland's Department of Transpor­
tation should try to incorporate more policy components 
in order to implement policy. 

CONCLUSION 

Two questions may arise: How difficult is PIP to apply? 
What benefits does PIP bring? 

The application of PIP is easy. As illustrated here, 
it is a procedure that can be applied to existing as well 
as proposed projects and programs. 

Among its benefits, PIP can give management a good 
idea of the policy value of its programs and projects just 
by the use of some numbers. For example, when man­
agement sees a high mobit count for a project, it can be 
certain that many policy-sensitive components are in-
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volved. When it is used as an ongoing check, PIP can 
indicate changes and tYPes of changes involved in terms 
of informational, instructional, and policy components. 
PIP is versatile. It can be applied to a program, to a 
project, or to tasks within a p1'oject. It can p1·ovide 
management with an overall program assessment as 
well as detailed project evaluation. PIP is ine>.1)ensive. 
Its application can be routinely set up and become part 
of a manager's job. A special form could be developed 
that required program and prnject information in each 
of the three areas, with quartel'ly monitoring to see 
whether a-ny change has occurred. Moreove1·, since 
ma.nageme11t is primarily interested ill implementing 
policy, analysis of elements in projects and programs 
is essential and PIP can do this. 

The PIP concept, of course, needs further explora­
tion. It is offered here in a preliminal'y way as an easy, 
inexpensive, time-saving tool to help management ob­
tai11 the best results from its research and development 
effort. Figures for inefficient 1·e-search a.nd development 
in terms of lack of applicability of results are not avail­
able, since no one readily admits that his research and 
development effort is not as productive as desired. 
There are, however, numerous completed studies that 
are reviewed and placed on shelves, neve1· to be imple­
mented. Moreover, although these transportation re­
search and development pi·og1·ams may be atypical, they 
are sufficiently dive1·silied so that successful applica­
tion of the PIP indices in evaluating then1 is evidence of 
the potential application for evaluating other programs 
and projects. 
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