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Abstract

Program theory oriented evaluations involve construction of a model that describes the logic and context of the program and
enables the evaluator to check on program progress and impact before the program is conducted. Such constructions could be done
in a multitude of ways: this paper describes the use of a particular tool called chains of reasoning. Chains of reasoning is a combination
of text and a graphic image which presents the activities of a program or project, the goals to be attained, additional assumptions
and the links between them. The paper uses three cases studies from Norwegian industrial modernization programs to demonstrate
the strength of this tool in different settings. The first case study is a formative evaluation, the second an impact/summative evaluation
and the third an additionality analysis. The paper concludes with a discussion of the strengths and weaknesses of the tool. © 1999

Elsevier Science Ltd. All rights reserved.
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1. Introduction

The aim of this paper is to provide examples of pro-
gram theory models use in economic and technology
development programs. The paper will provide a brief
introduction to program theory models, and the rationale
behind such evaluation models. It will also present a
particular tool for program theory evaluation called
chains of reasoning.

The paper will then describe use of this particular tool
in three cases of Norwegian industrial modernization
programs. One case describes chains of reasoning used
as a tool for program development in an early phase, a
second describes chains of reasoning in impact evalu-
ation, and a third case will describe how to use chains of
reasoning in additionality analysis. Finally some rec-
ommendations on where to use and where not to use
chains of reasoning are presented.

2. Program theory models and chains of reasoning

Program theory is an evaluation model originating
from Huey-tsyh Chen and Peter Rossi (Chen, 1990; Chen
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& Rossi, 1983, 1987, 1992) and their works in the 1980s
and early 90s. Over the years, the model have become
quite popular all over the world, and various variants
have been developed (Weiss, 1996).

According to Chen, a program theory is “‘a speci-
fication of what must be done to achieve the desired
goals, and what other important aspects may also be
anticipated and how these goals and impacts may be
generated” (Chen, 1990, p. 43). Program theory should
include both descriptive and prescriptive elements. The
prescriptive (or normative) part of the theory should
prescribe what should be the essential components of the
program, how the program should be implemented and
what goals should be pursued. On the descriptive side,
program theory explains the causal processes underlying
the programs. A key element in program theory is the
idea that theory based evaluations could be used to
strengthen the validity of evaluation without random
assignment (Weiss, 1996). This is of particular interest in
evaluation of industrial modernization efforts. In such
efforts self-selection of participants make randomized
experiments impossible, and while some quasi experi-
ments have been carried out they remain rare.

The theory driven evaluation should use the program
theory to identify central issues in the program, select
research methods for data collection and data analysis,
as opposed to a method driven evaluation where research
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steps are guided by the application of the particular
method chosen.

In short program theory is a model that describes the
logic and context of the program and enables the eva-
luator to check on program progress and impact before
the program is conducted. A program theory driven
evaluation is one where the evaluator constructs a pro-
gram theory and uses this theory as a guide in the evalu-
ation process.

The construction process could be done in a multitude
of ways. Various models have been developed to aid in
this construction process (Rush & Ogborne, 1991). One
of them, called chains of reasoning, will be described in
detail in this paper.

According to Finne, Levin and Nilssen (1995, p. 23) a
chain of reasoning is: “a combination of text and a
graphic image which presents the activities of a program
or project, the goals to be attained, additional assump-
tions and the links between them. Each actor may have
a different chain of reasoning, or program theory, or
cognitive map, which integrates their thoughts of the
program”. It is dynamic, and as time goes, it will also
include unintended impacts. A chain of reasoning is only
one element in a complete program theory. A complete
program theory also encompasses elements not included
in chains of reasoning such as a description of program
context, the rationale underlying the program, experi-
ences from similar earlier programs and propositions
about the program, if any. However, we will concentrate
on chains of reasoning in this paper, as the most central
tool in the construction process of a program theory.

3. The context: Norwegian programs on business
development and technology transfer

As for most other industrialized countries the Norweg-
ian government employs a substantial set of policies and
programs to assist the Norwegian industry, and in par-
ticular the manufacturing industry, to assist them to
adopt and deploy enhanced technologies and practices.
In general it seems that Norwegian policies on industrial
modernization are similar to U.S. policies in this area as
described by (Shapira, Youtic & Rossner, 1996), and
the politics of other European countries as described by
(Georghiou, 1995; Rothwell & Dodgson, 1992). There are
of course some important differences, due to structural
differences among the various industries, governmental
levels and prominence of these politics. At the same time,
policies originating in Denmark have spread to both U.S.
(Rosenfeld, 1996) and Norway, and Norwegian efforts
have been ‘exported’ to other parts of Europe, thus dem-
onstrating that the problems to be solved and solutions to
solve them are indeed similar. Regardless of the policies in
question and the country where the policy is
implemented, the overall goal remains the same:

improved competitiveness and economic performance.
Most of the efforts are directed towards small and med-
ium sized enterprises (SME), which in Norway usually
are defined as firms with 100 or fewer employees.

Following the taxonomy introduced by Georghiou
(1998) the efforts can be divided in two main categories:
financial support and opportunity enhancing innovation
policies. The first category covers direct and indirect
economic support. Among these are all kinds of subsidies,
risk reducing efforts, low interest loans, investment sup-
ports, tax reduction for specific activities and so on. The
other category covers policies which create or enhance
opportunities for innovation. Among these are insti-
tutions supporting innovation and technology transfer
measures. Technology transfer need not be limited to
technological and engineering knowledge, as will be dem-
onstrated in this paper, management skills are also part of
technology transfer. One of the main trends in European
innovation policies during the 90s has been a move away
from financial support towards opportunity enhancing
efforts (Georghiou, 1998). This trend has been noted in
Norway as well (Arbo, 1993).

In Norway there is no lack of opportunity enhancing
efforts and has not been for the last decade. A survey by
Torvatn and Munkeby (1994) identified 24 large indus-
trial modernization programs. The total annual public
funding of these 24 programs amounted to 70 million
dollars. In addition to these 24 programs there are numer-
ous smaller programs, local and regional programs (not
included in the survey), programs operated by the depart-
ment of agriculture' and programs stimulating export.
A less comprehensive overview in 1997 (Torvatn, 1997)
indicated that although individual programs come and
go, the total volume of programs and expenditure on
such efforts were still increasing. Since all these efforts
are targeted at a population of some 7-10,000 firms,
the program environment for industrial modernization
programs in Norway is rather competitive. Recruiting
participants is rarely easy.

Although not mandatory by any law or regulation
there is a strong tradition of evaluation of industrial
modernization programs in Norway. All the programs
identified in the various surveys have been evaluated. The
use of chains of reasoning in three of these evaluations
will be presented as case studies.

4. Program A: chains of reasoning as a tool for program
development

4.1. Description of Program A

Program A® was a product development program, tar-
geted specifically at the food and food processing indus-

" For the benefit of the food industry.
2 Official Norwegian name of Program A: Produktutviklingsnettverk
(PU-nettverk). In English: Product development networks.
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try. The goal of the program was to stimulate innovation
among participants by teaching them product devel-
opment methods. The program was operated by the
Norwegian Institute of Food Research, and focused on
food technical methods concerning the production pro-
cess and the quality of the products. The program con-
sisted of a series of seminars where product development
methods were presented to the participants. Between each
seminar the participants should do some homework and
test out the methods on some product they were develop-
ing. To assist them in this homework each participant
could claim assistance from a mentor from The Institute
of Food Research, and were instructed to cooperate with
the other participants.

The evaluation of the program was carried out in two
steps. First a continuous formative evaluation of a pilot
project of the program, to help develop a robust program
(Torvatn, 1996). Then followed an impact oriented evalu-
ation one year later (Torvatn & Elvemo, 1997). In both
evaluation projects a program theory was constructed
using chains of reasoning, however in this paper only the
first formative evaluation will be presented as an example
of how chains of reasoning could be used in program
development.

4.2. Use of chains of reasoning in Program A

From the outset the program management had rather
strong and clear models of how the programs activities
and goals were linked. Together with the evaluator the
following chain of reasoning was constructed for Pro-
gram A:

The chain of reasoning in Fig. 1 should be read as
follows: filled (black) arrows show the programs primary
logic, in other words the ‘main roads to success’. As can
be seen from Fig. 1, Program A had two important ways
of goal attainment. The first was through the seminars,
where the participants should learn new product devel-
opment methods and employ them in their product devel-
opment process, together with subsidized product
development services (hopefully from the Institute of
Food Research) and thus improve their product devel-
opment. Parallel to this the participants were expected to
form a network among themselves and exchange experi-
ences on their product development work, thus adding
to their learning. Also note that the program expected to
be able to choose between possible participants, and had
developed criteria for selection.

The open (white) arrows show secondary/less impor-
tant roads to success. Program A appointed a mentor to
each participant, the mentor was expected to assist the
participants if necessary. Also it was expected that the
participants would learn something about organization
of product development through the seminar and exch-
ange of experiences, and this would hopefully also
improve their product development work.

Regarding the vision of improved competitiveness the
program operator (as well as the funding agencies) had a
long term perspective on this, and did not expect any
immediate results in that area.

Having constructed this chain of reasoning the pro-
gram and the evaluator started working. The program
began to recruit and carried out its pilot set of seminars.
The evaluator trailed the pilot program, as participant
observer. When the pilot project was completed the eva-
luator constructed a new chain of reasoning for the
program, this one to sum up the learning for the program.
This chain of reasoning is presented below:

In Fig. 2 the evaluator sums up the work of the pilot
project of Program A in a chain of reasoning. As can be
seen by comparing Figs 1 and 2, the program had not
worked exactly as planned.

For one thing the program had not been able to attract
enough companies in order to employ its selection
criteria. The only real selection criteria had been will-
ingness to participate. This was not surprising given the
competition among industrial modernization programs
in Norway.

Neither had the program been able to create any net-
work between the participant, except for discussions dur-
ing the seminars. The program had been able to teach
the companies new product development methods. The
methods had been employed by the companies. However,
the companies felt they could do with more assistance
from the mentor, both in employing new methods and
organizing their product development work. (Hence the
open arrows from the mentor.) In general the participants
asked for much more assistance by the mentor, thus
making it more important to select mentors. The program
had not had clear criteria for selecting mentors, because
the function originally had been judged unimportant.

The participants had not bought any subsidized prod-
uct services. They claimed that this was too early for
them, but they wanted the opportunity and asked the
program to extend the period in which the offer of sub-
sidized services was eligible. The evaluation was com-
pleted at a point in time when it was a little bit too early
to tell whether or not the goals had been attained, but
the program had had some progress which in due time
could lead to the desired results (as expressed in the open
arrows).

Based on this program and the evaluator agreed on the
following changes in the program. First of all the mentor
function must be strengthened. The program instituted
training and developed new criteria for selecting mentors.
Further, the networking between the companies had not
functioned as planned, the companies being competitors
seeing no reason to create a joint product development
network. However, they were willing to exchange experi-
ences from each other during the seminars, thus the pro-
gram could emphasize this type of learning in future
programs.
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Fig. 1. Original chain of reasoning, Program A (from Torvatn, 1996).

In this evaluation chains of reasoning functioned as a
tool for clarifying ideas, for summarizing evaluation
results and as a vehicle for communicating the same
results. The evaluation used the first chain of reasoning
(Fig. 1) mainly to clarify the underlying models guiding
the program management, and identify key issues in the
program. By constructing a revised chain of reasoning as
part of the evaluation it was easy for the evaluator to
track progress, identify problem areas and suggest
improvements. More important, the chains of reasoning
created a basis for discussions about the program, which
the program management could understand. The rec-
ommendations in the evaluation were easily com-
municated to, and accepted by the program management.

5. Program B*: Chains of reasoning in summative
evaluation

5.1. Description of Program B

Program B was a four-year 12 million dollar effort by
the Research Council of Norway to ‘close the technology
gap’ between the available technology in the research
institutes and the SMEs. Program B was to stimulate and
increase the use of new technology by identifying new

*The official Norwegian name of Program B: BedriftsUtvikling med
Ny Teknologi (BUNT); in English: Business Development Using New
Technology.

technology that would fit into the strategic plan of the
companies, thus reversing the old model of finding com-
panies that could use a specific technology. Since few of
the participating SMEs had any strategic plan, a core
activity of Program B became to assist the firms in a
strategic development process. Having a strategic plan,
the companies should identify and prioritize between a
set of measures to undertake, in order to improve com-
petitiveness. This process should lead to a ‘Plan of action’,
which completed Program B in the company. Implemen-
tation of the plan was left to the companies.

This process was carried out by consultants trained
and screened by the program. A total of 312 assignments
were carried out. The program was evaluated con-
tinuously during its lifetime, and was generally judged
successful (Finne, Levin & Nilssen, 1993, 1995). In fact
the concept of Program B (training small business in
strategic development) was ‘exported’ to several business
development programs in eastern and western Europe.

5.2. Use of chains of reasoning in Program B

Before the impact evaluation the evaluators con-
structed the chain of reasoning for Program B as shown
in Fig. 3.

The model describes how an individual firm through
participation in the program was expected to improve
competitiveness and development environment (its
ability to improve itself). The model describes the pro-
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Fig. 2. Evaluation of pilot project of Program A: revised chain of reasoning (from Torvatn, 1996).
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gram as seen from the point of view of one of the par-
ticipants. The starting point of the process is the offer
from the program of participation, and the ultimate goal
isimproved competitiveness. It will be seen that the model
contains a heterogeneous set of activities, goals, external

inputs, etc. The arrows may indicate both time and logical
precedence.

This chain of reasoning provided an excellent tool for
summative evaluation of the program. The evaluators
simply followed the chain of reasoning and investigated
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how far the companies had progressed along the chain.
Some of the progress was quite easy to track, like appli-
cations, development of strategy and an action plan. Of
course some of the participants did not make it through
the whole program, the overall drop out rate was 22%.
However, the important question in the summative evalu-
ation was whether or not the program had had any impact
on those 78% completing. While it was difficult to mea-
sure competitiveness in the enterprises a short time after
participation the evaluators analyzed how the companies
had been able to implement their plans. Having copies of
these plans, the measures and the prioritization it was
possible to tailor a general survey of each participant,
and ask each company whether or not each measure
planned had been implemented.

Through this analysis the evaluators found that on
average the companies had identified and prioritized
between 5 and 6 measures.* A typical measure had an
average prize of 38,000 USD, all of the companies com-
pleting claimed to have initiated implementation of at
least one measure. Eighty nine percent had finished
implementation of the most important measure, typically
a company had implemented two to three measures a
short time after completion of BUNT. After the first six
months the likelihood of completion dropped quickly. Of
all measures in all companies 39% were completed, 11%
expected to be soon completed, 32% were initiated while
18% were not initiated. Overall, the evaluation concluded
that the chains of reasoning of Program B had held so
far, the program had been able to influence and to some
extent trigger measures aiming at improving its com-
petitiveness. The question still remains whether or not
these measures have achieved the ultimate goal of
improved competitiveness. This is a question that can
only be answered over a long period of time. Some early
results found a significant and strong correlation between
first year improvement and degree of implementation of
planned measures (Finne, 1994). Improvement was here
measured as turnover per man-year, relative to the year
of entry in the program. This research has however not
been continued after the first year.

The problems in measuring the ultimate goal indicates
that the chain of reasoning should have included some
near-term indicators of competitiveness, inserted after
the implementation. Examples of such indicators would
be market entry or exit, market share in important mar-
kets or rate of innovation. Still, it would take some years
before changes in these factors could be measured, and
the time lag before measurement is possible and lack
of continual post program evaluation remain the most
important obstacles in summative evaluation of indus-
trial modernization efforts.

4 Average: 5.66 measures.

6. Program C®: chains of reasoning as a tool in
additionality analysis

6.1. Description of Program C

Program C was one of the spin-offs from Program B.
It was commissioned by the European Union (EU), and
operated in 17 European countries, covering more than
1200 SMEs. The total EU funding amounted to approxi-
mately 6 million dollars. The core purpose of Program C
was ‘“‘promoting the absorption of new technologies by
SMEs through the use of experienced consultants in the
management of innovation”. The basic idea in Program
C was to train consultants in the use of a specific tool kit
selected for the program. The consultants should then
carry out Program C assignments in SMEs. In these
assignments the consultant should conduct a strategic
analysis of the company, identify technology which the
company could profitably implement, and produce an
action plan to assist the company in its implementation
process. Through this process it was hoped that the com-
panies would improve their competitiveness as well as
learn what was called Integrated Management Tech-
niques (IMT). Strategic planning and ability to use con-
sultants were among these IMTs.

Since Norway had originally developed Program B
a specific version of Program C was developed for
Norway. The Norwegian program operator had an
innovative idea for a Norwegian version of Program C:
the program would recruit former Program B companies
and test the efficiency and efficacy of reinforcing the strat-
egy process in these companies through a five day
reanalysis. This was accepted by the EU, and a total of
43 such assignments were carried out. Since this was
an experimental scheme it was evaluated continuously,
something not normally done with so small a program.
This paper discusses the Norwegian program and its
evaluation.

6.2. Use of chains of reasoning in Program C

The evaluators constructed the following chain of
reasoning for Program C:

As can be seen from Fig. 4, the logic of Program C is
similar to the logic of Program B (see Fig. 3). Having
evaluated Program B earlier the evaluators also at outset
judged this chain of reasoning as one with a fair possi-
bility of success. It would also be easy to track the par-
ticipants along the chain of reasoning, as had been done
in Program B, and use level of implementation of mea-
sures as success criteria.

However, level of implementation of measures is only

’Official name of Program C: Managing the Integration of New
Technology.
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Fig. 4. Original chain of reasoning for Program C (MINT) (from Finne & Torvatn, 1996).

a valid criterion for success for a program if the program
had some additionality. If no additionality could be
found the program would simply be subsidizing existing
plans. Additionality is one of the most important aspects
of evaluation of industrial modernization (Finne & Torv-
atn, 1996; Georghiou, 1998), and is concerned with ques-
tions like: Did the intervention make a difference? What
would have happened without the intervention?

In the context of industrial modernization additional-
ity could be defined as follows: ““Additionality is the
difference between the benefits with which the program
is associated and those that the company would have
incurred with the most probable alternative use of its own
resources” (Finne & Torvatn, 1996, p. 37). The question
of additionality had been briefly discussed in the evalu-
ation of Program B, but in the evaluation of Program C
a more thorough analysis was carried out. The analysis
focused on the following possible effects:

e Timing effects. This occurs when the company takes
action and implements measures earlier than it other-
wise would have done. This usually results in benefits
accruing earlier, too, but premature implementation
may also result in additional cost.

® Scale effects. This occurs when the company does more
of a certain activity due to the public support. A par-
ticular case occurs when the public program makes
things happen that would not have taken place at all,
either because the company had wanted to do it but
would not dare without the external support, or because

the program brought something entirely new that the
company accepted. This is called a release effect.

o Directional effects. With the use of program resources,
including competence and program specific solutions,
the company may end up doing things differently—
and, hopefully, better—than without the program
input.

Measuring additionality as a factual piece of infor-
mation is always impossible because it has to deal with
counterfactual data. The best one can do is to establish
as credible indicators as to what possibly would have
happened without the program.

Having the caveat in mind an additionality analysis
was carried out. A release effect was found among 40%
of the companies, who would not have done a similar
project without Program C. Of the other 60% 20 did not
know, while 40 said they would have done a similar
project (no release effect). Other scale effects were not
found. A timing effect was found in 57% of the compan-
ies, who would have postponed the project without
support. Only 16% would have started the project at the
same time. Thus Program C had had some release effect
and some timing effect, whether the level of additionality
was high enough was difficult to say, given the lack of
standards to compare with. The evaluation concluded
that the level was satisfying.

While scale and timing effects are relatively easy to
identify directional effects may be harder to spot. From
the chains of reasoning in Fig. 4 the evaluators could
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identify a key question concerning the additionality of
Program C: how had the old plans from Program B been
used in the strategic analysis and the following prior-
itization? To what extent could Program C provide new
direction for the participants?

Three questions were used to provide an answer. The
first was concerned with the newness of the measures,
to what degree had the company participating already
planned such measures? It was found that 47% had a
loose idea about the project, 42% had started planning
before Program C, while only 6% found a new measure
and another 6% were able to ‘restart’ a measure earlier
aborted. The second question was concerned with the
role of the old plans from Program B: was there any
follow up of measures from Program B? Eighty two per-
cent of the companies answered yes to that question.
The third question was related to the strategic planning
process: would the companies have performed a strategic
analysis without support from Program C? Fifty three
percent of the companies answered yes to that, 34% no,
and 13% did not know.

Based on these three questions, the evaluation con-
cluded that Program C had had little directional effect.
Rather the old plans from Program B had provided direc-
tion for the companies. A chain of reasoning was con-
structed summing up these and other results:

As can be seen from Fig. 5, Program C, to a great
extent, functioned as planned. The consultants were able
to recruit the desired number of companies in a rather
competitive program environment, and all recruited com-
panies completed. The measures were implemented at
approximately the same rate as in Program B, and par-
ticipants knew how to use some new management tech-

H. Torvatn|Evaluation and Program Planning 22 (1999) 73-82

niques like strategic analysis and use of consultants. They
had probably not learned this through Program C,
however, since they all had such knowledge already.®
Further, the prioritization had not worked as planned.
The participants had used items from their old plans in
most of the cases. Hence the filled arrow from the old
BUNT (Program B) to the revision, noting a strong
influence, while the new analysis only had a small and
limited influence.

7. Discussion

Above three cases of evaluation using chains of reason-
ing have been presented. The cases have described various
forms of use of these chains, Table 1 below sums up these
forms, as well as other forms of use of chains of reasoning
not discussed in this paper:

As described in the case of Program A, chains of
reasoning are excellent for describing program logic and
doing an evaluation of the concepts underlying the
program. This is also a good starting point for identifying
key issues for investigation, that is, focusing the evalu-
ation.

Impact analysis, or rather to reduce the problem of
time lag when conducting impact assessment, was the
reason chains of reasoning were developed. The under-
lying logic is simply that as long as the program keeps on
track possibility for impact is increased, as in the case of
Program B. The evaluator must, however, remember to

®Data on this is not presented here; see Finne and Torvatn (1996)
for details.
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Fig. 5. Revised chain of reasoning for Program C, derived from the evaluation (from Finne & Torvatn, 1996).



H. Torvatn|Evaluation and Program Planning 22 (1999) 73-82 81

Table 1
Forms of use of chains of reasoning

Form of use Case

Description of program logic-concept evaluation Program A

Identifying key issues Program A, Program C
Impact assessment Program B

Communicating findings
Monitoring

Mapping different program theories among different stakeholders

Focusing the evaluation

Program A, Program C
Not discussed here
Not discussed here
Program A

check for additionality. As the case of Program C dem-
onstrates, a program can keep on track but still have
limited contribution.

An important aspect of chains of reasoning in impact
assessment is that they enable the evaluator to start doing
impact assessments from day one. The monitoring aided
by chains of reasoning tells the evaluator whether or not
the program is on track. If steps in the chain are not
carried out, or fails, the possibility for impact is reduced
(frequently to zero).

Chains of reasoning are also excellent tools for com-
municating evaluation findings. A drawing (with a brief
description) is easy to understand and can convey the
main findings in a non-technical language to a large audi-
ence.

Finally chains of reasoning could be used in moni-
toring progress and identifying different stakeholders
program theories on the program in question. These
forms of use are not discussed here; see Torvatn (1995).

While chains of reasoning are flexible and useful in
many different evaluation settings, they have definite limi-
tations and should not always be used. For one thing,
when evaluating agencies and institutions with one goal
and several measures for reaching that goal the evaluator
might simply be bogged down in a multitude of chains of
reasoning. Chains of reasoning works best in a program
evaluation, where the same sets of actions are repeated
several times.

Chains of reasoning are also sometimes too ration-
alistic. It is assumed that it is possible to construct
rational causal sequences of means and ends. This con-
struction process is in itself problematic. The evaluator
might ascribe certain goals they do not really have to
persons and organizations, and also the evaluator will
rely on theories espoused of stakeholders rather then
theories in use. This is so because espoused theories are
better documented and are intended for presentation,
and thus easier to model.

Chains of reasoning also simplifies complex processes.
This is one of the strengths of the tool, but it is easy to
simplify too much. In order to compensate for this it is
of course possible to construct overly complex drawings,
thus destroying the simplicity that is one of the tools

foremost virtues. Furthermore chains of reasoning have
difficulties in incorporating the effects of context on pro-
cesses. And finally chains of reasoning takes little advice
of power relations, of symbols, rituals, culture and all
sorts of ‘non-rationale’ activities. As any tool chains of
reasoning has its limitations.

However, as this paper has attempted to demonstrate,
chains of reasoning are easy to use, flexible, and useful
for several purposes. Even with the limitations described
above, chains of reasoning should be a valuable tool in
any industrial modernization evaluators tool-kit.
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