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Abstract This paper was triggered by concerns about the
methodological soundness of many RE papers. We
present a conceptual framework that distinguishes de-
sign papers from research papers, and show that in this
framework, what is called a research paper in RE is
often a design paper. We then present and motivate two
lists of evaluation criteria, one for research papers and
one for design papers. We apply both of these lists to
two samples drawn from the set of all submissions to the
RE’03 conference. Analysis of these two samples shows
that most submissions of the RE’03 conference are de-
sign papers, not research papers, and that most design
papers present a solution to a problem but neither val-
idate this solution nor investigate the problems that can
be solved by this solution. We conclude with a discus-
sion of the soundness of our results and of the possible
impact on RE research and practice.

1 Introduction

This paper was triggered by concerns about the meth-
odological soundness of many requirements engineering
(RE) papers. As we argue in this paper, many of these
papers describe techniques but do not report on any
research. The techniques reported on are intended for
use in RE practice: for example, how to improve the
process of negotiating requirements, or how to build use
case models, how to customize information systems
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based on user requirements, etc. Our concern is not that
techniques such as that are described in RE papers. The
RE conference is a platform for such papers. Our con-
cern is that there are very few other papers in RE con-
ferences, such papers that investigate the properties of
these techniques, or that investigate the problems to be
solved by these techniques. Investigation of properties of
techniques, or of problems to be solved by techniques
are the examples of research papers.

We think that the absence of such research prevents
the transfer of the results of requirements engineering
research to practice. Companies will hesitate to adopt
techniques of which the properties are not investigated
thoroughly or for which it has not been investigated
which problems they solve, and under which conditions.
Secondly, without a proper research method, there
cannot be a growth of knowledge that builds upon
previous results produced by others. This creates the risk
that new techniques in fact do not improve already
existing techniques. Hence, if our concern about the
methodological soundness of RE papers is valid, then it
is relevant to do something about it. However, we must
first investigate whether our concern is valid, i.e., whe-
ther there really is a problem with the methodological
soundness of RE papers.

The research problem to be investigated in this paper
is, then, what is the methodological structure of RE
papers, and to what extent do they satisfy the criteria for
sound methodological structure? This is an evaluation
question. We investigate the actual structure and com-
pare this with a norm (which we present and motivate in
this paper too). One way to answer this question is to
survey a representative sample of RE papers, observe the
methodological structure of paper in this sample, and
draw conclusions from this about the set of all RE pa-
pers. Tichy [22], Zelkowitz and Wallace [26], and Glass
et al. [8] have done such surveys for software engineer-
ing, and their observations show that validation is
lacking in a large proportion of software engineering
papers. Here, our concern is with requirements engi-
neering papers, not software engineering papers. And we
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will choose a case study approach, by analyzing two
samples drawn from one population, namely the set of
all submissions to the 11th IEEE requirements Engi-
neering Conference (RE’03). The advantage of using a
case study approach is that one can do a more in-depth
analysis of the structure of papers in the sample than is
possible with surveys. A disadvantage is that general-
ization of the conclusions beyond the case study is ten-
uous. The outcome of our research can at most be a
hypothesis that should be validated across the entire
population of RE papers before they can be accepted as
true about that entire population.

However, another outcome is a normative framework
for evaluating RE papers. We claim that this is appli-
cable to all RE papers, past and future, and our case
study shows at least that it is important to publish this
normative framework in the RE community.

In Sect. 2, we set out our conceptual framework, in
which we distinguish problems in which we want to
change something in the world from problems in which
we want to change our knowledge about the world. We
sketch the engineering and the research cycles as the
rational structure of world changes and knowledge
changes, respectively. We derive from this the criteria for
evaluation of papers that report about performing such
changes, namely design papers and research papers.
Design papers report about the result of applying the
engineering cycle, and research papers report about the
result of applying the research cycle. We summarize
the criteria in Appendices 1 and 2. In Sect. 3 we then
restate our research problem in terms of our conceptual
framework. Sections 4 and 5 describe our research design
and discuss its validity. We present our measurements in
Sect. 6 and analyze the results in Sect. 7. Section 8 dis-
cusses the wider implications of our results.

2 Conceptual framework
2.1 Knowledge problems and world problems

We base our conceptual framework for analyzing RE
papers on frameworks for systems engineering, product
engineering, and software engineering presented else-
where in the literature [1, 4, 15, 18, 23]. The basic dis-
tinction in our framework is between studying the world
and changing the world. This allows us to distinguish
knowledge problems from world problems.

e Knowledge problems consist of a lack of knowledge
about the world. To solve a knowledge problem, we
need to change the state of our knowledge, and when
we do that, we try not to change the world. For
example, when we study the behavior of people in a
business, we try not to intervene in what we study;
when monitoring the performance of a software sys-
tem we try not to influence the performance of
the software we are monitoring. There is only one

criterion to evaluate an answer to a knowledge
problem, namely by evaluating the validity of the
answer. We discuss validity later. All research problems
are knowledge problems. Calling a knowledge problem
a research problem expresses our intention to solve the
knowledge problem by following a sound research
method.

e World problems consist of a difference between the
way the world is and the way we think it should be.
We solve a world problem by trying to change the
state of the world: we change an organization, we
build a device, we implement a program, etc. Each
world problem contains its own criteria for evaluating
proposed solutions. For example, part of the problem
to change an organization is the identification of the
criteria by which to evaluate a change proposal; part
of the problem to build a device is the identification of
the criteria to evaluate the device; etc. All engineering
problems are world problems. Calling a world prob-
lem an engineering problem expresses our intention
to solve the problem by following an engineering
method.

We discuss research methods and engineering
methods in the next section. Here, we discuss the pre-
ceding definitions. First, common to both of them is the
concept of a problem, defined as a difference between
what is and what we would like to have [7, page 49].
Knowledge problems differ from world problems in the
location of the problem: in our minds or in the world
outside our minds. Even when the researcher may share
a lot of knowledge with the subjects investigated, such as
in research problems about the social world, the research
problem still exists in the mind of the researcher, not in
the world studied.

Second, the definitions of knowledge problem and
world problem may create the false impression that it is
always possible to gather knowledge without changing
the world or to change the world without gathering
knowledge. In fact, it is extremely difficult to gather
knowledge without changing the world, and some re-
search methods, like action research and laboratory
experiments, gather knowledge by manipulating the
world, i.e., by changing it. It must then be shown by the
researchers that these changes in the world do not
invalidate the knowledge claims generated by the re-
search. At the other end of the spectrum, it is also ex-
tremely difficult to change the world without learning
something from it. Solving a world problem usually
generates knowledge. The distinction between world
problems and knowledge problems is a distinction be-
tween goals: when our goal is to solve a knowledge
problem, we do something to get knowledge and, if
necessary, manage the changes that create in the world
in such a way that the acquired knowledge is valid. And
when our goal is to solve a world problem, we change
the world and are usually happy with any knowledge we
gain from this.



Third, there are some knowledge problems, such as
the problem how our galaxy evolved, that are purely
curiosity-driven. The resulting knowledge is not ex-
pected to change something in the world, although
unexpectedly the research may yield a revolutionary new
observation technology that has an impact on the world
outside the research project. But producing revolution-
ary new observation technology that changes something
in the world outside the research project is not the goal
of this research.

In many cases, there is a world problem in the
background of a knowledge problem. This is an example
of the fact that there is a mutually recursive relation
between knowledge problems and world problems. For
example, suppose we want to improve requirements
negotiation practice. This is a world problem. We want
to change requirements negotiation practice. When
working on this problem, we may encounter the
knowledge problem to find out what the current struc-
ture of requirements negotiations is. This is a knowledge
problem because we want to know something about
requirements negotiations that have taken place in the
world. If this knowledge is not readily available some-
where, we have to do research to solve it. Doing re-
search, in turn, is a world problem, because research is
an activity in the world. We will for example write, test,
and send out questionnaires, and perform interviews, all
of which are changes of the world. To solve the problem
of doing research, we may have to gather knowledge
about possible research methods applicable in this par-
ticular case—a knowledge problem. The mutual recur-
sion of world problems and knowledge problems ends
when all the knowledge needed is available, or when the
desired state of the world already exists.

Note that in this mutual recursion, knowledge prob-
lems exist in the context of world problems, and world
problems exist in the context of knowledge problems.
Figure 1 represents the mutual recursion in our example.
All engineering researches take place as part of such a
mutual recursion. At the top, there is some intended
change of the world, such as the desire to solve problems
that people have to explore the possible uses of a new
technology, to reach a business goal, or in general to
realize some vision of the future. At the bottom, there
are knowledge questions that are not problematic be-
cause we already know the answer, or desired world
states that are not problematic because they already
exist.

Fig. 1 Mutual recursion
between world problems and
knowledge problems

World problems
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Usually, the mutual recursion is a lot more complex
than the one shown in Fig. 1. For example, we may also
have the knowledge problem of learning about current
negotiation theory. And our research may lead to the
realization that we must restrict our initial world prob-
lem to a particular domain such as for example
requirements negotiation for ERP systems, etc.

The reason for distinguishing world problems from
knowledge problems is that the rational methods to
solve them are different. We discuss these in the fol-
lowing two sections.

2.2 The engineering cycle

The engineering cycle is a collection of tasks that a ra-
tional problem solver would follow to solve a world
problem. To solve world problem rationally, we would
investigate the current situation, generate possible ac-
tions, rank these actions on their problem-solving ef-
fects, choose one, do it, and then investigate the result to
see if further actions need be taken [9]. It turns out that
this is the structure of engineering as identified in a
variety of disciplines, ranging from architecture to
product engineering [1, 4, 15, 18, 23]. More in detail, the
structure of the engineering cycle is as follows.

1. Problem investigation This is a knowledge problem,
because the engineer wants to acquire knowledge
about the problem. Examples of relevant knowledge
questions include the following:

Who are the stakeholders?

What are their goals?

What are the observable phenomena?

What are the causal relations among these phe-
nomena?

e Why are some phenomena problematic? In other
words, which criteria are used to decide that cer-
tain phenomena are problematic?

For example, if we want to improve requirements
negotiation practice, we need to know who the
stakeholders are in requirements negotiation pro-
cesses, what they want, and what actually happens
during requirements negotiation, why this happens,
and what is good or bad about this.

2. Solution design We use the word “design” in its dic-
tionary sense as ‘“‘to conceive and plan out in the

Knowledge problems

Improve requirements negotiation

Need to know about current requirement

negotiation practice

Investigate current requirements

negotiation practice

T

Learn about research methods
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mind”. Solution design may be a radically creative
task in which the engineer comes up with a design
never seen before; more usually, it will be an adap-
tation of known designs to the current problem. For
example, once the engineer knows what the problem
is with current ERP requirements negotiation prac-
tices, she may select one of the available multi-party
negotiation techniques and propose it as a solution to
the problem. Alternatively, the engineer may invent a
radically new negotiation technique, and propose it
as a solution to the problem. In both case, the engi-
neer should specify the technique clearly and com-
pletely so that different people can test it, and also
give an argument why this would solve the problem.

3. Design validation An argument that a solution S
solves the problem with phenomena P must have the
following form: If S is implemented, then P will be
changed into P/, and P’ is better than P. The argu-
ment contains a causal claim and a value claim. The
causal claim is that implementation of S causes P’
The value claim is that P’ is better than P. One way to
justify these claims is to just implement the solution
and observe what happens. However, in any real
world problem, this is not possible. Before stake-
holders want to implement a solution, they want
sufficient proof that S does indeed cause P’ and that
P’ is indeed better for them than P. Validation is the
activity of providing such a sufficient proof. It is a
knowledge problem. Questions to be asked in solving
it include the following.

e What properties will the implemented solution
have?

e What effects will the implemented solution have on
the phenomena in the problem domain? Under
which conditions?

e Are the expected effects better than the current
situation? According to which criteria?

e Does the solution introduce new problems? In
other words, are their additional effects with a
negative value?

One is reminded here of research of the effects of new
medicines [6].

4. Choose a solution In a rational engineering process,
several solutions must be specified, and validated on
their problem-solving effects. A solution can then be
chosen that has the preferred problem-solving effects.
The choice is not made by the engineer but by a
stakeholder such as the sponsor who pays the engi-
neer to solve the world problem.

5. Implement the chosen solution “‘Implementation” is an
overloaded word. For a software engineer it means to
write software; for a software system manager it
means to introduce software in an organization; and
for the business manager it means to introduce a new
way of working, software that supports it, and soft-
ware management procedures in an organization, etc.
In general, what counts as an implementation

depends on what specification must be implemented:
a software specification, a system specification, a
business solution specification, etc. And what counts
as a solution specification depends on what the
problem is. So indirectly, what counts as an imple-
mentation depends on what the original world
problem is. But in all these cases, implementation is
the activity of realizing the chosen solution specifi-
cation in the real world.

6. Implementation evaluation The solution specification
is implemented with the intention to solve the world
problem with which we started. However, our solu-
tion may have the intended effects only to some ex-
tent, or not have them at all. Additional unforeseen
effects may occur, the world may have changed even
when we were designing the solution, etc. So the ra-
tional engineer will monitor the implemented solution
in order to discover its actual effects, and evaluate
these effects. This is again a knowledge problem,
called the implementation evaluation problem.
Questions to be asked include:

e Does the solution really behave as predicted ear-
lier?

e Does it really solve the problem as we predicted?

e What unexpected properties does the implemented
solution have?

e Are any new problems introduced?

This is a classification of six engineering tasks with a
certain justification relationship. The choice of solution
to implement is justified by the solution validations and
the problem investigation.

Real-world decisions contain all these six tasks, but
with varying degrees of concurrency. Experienced engi-
neers for example start solving an engineering problem
with only a little problem investigation, just enough for
them to recognize the problem class, and then select a
solution direction that they know usually works for this
problem class. From then on they perform problem
investigation, solution design, and solution validation in
parallel [5]. Complex management decision processes
also exhibit this parallelism [9, 24]. In very complex
management problems, all six tasks occur in an inter-
leaved way [14]. However, even if these tasks occur in
parallel, they can still be distinguished as separate tasks.
And in order to justify the result rationally, the engineer
has to refer to a problem investigation, a solution design,
and a solution validation.

A report about an engineering process should fol-
low the logical structure of the rational engineering
cycle because this is the way in which other engineers
can understand what was done, i.e., understand the
problem, the solution design and its validation, and
the actual performance of the implementation. By
presenting the engineering process as if the rational
process was followed, accountability is created. This is
no different from Parnas and Clements’ idea of faking
a rational software engineering process [16], Lakatos’



idea of rational reconstruction of scientific discovery
[12, 13], or Suchman’s idea of reconstructing office
procedures from actual practice [20, 21]. In all cases,
constructibility of the rational process from what was
actually done creates accountability. The rational
engineering cycle is the structure of justification and
not necessarily the structure of the actual engineering
process.

RE researchers act as engineers of the RE process,
because they propose solutions to problems in this
process. RE papers should therefore report on one or
more tasks in the engineering cycle followed by the RE
researcher. The engineering cycle is therefore a source of
criteria to be used in evaluating the structure of RE
papers.

2.3 Criteria for the presentation of a solution
to a world problem

When a paper presents a solution to a world problem, it
should answer the following questions:

e Which world problem is solved?
e How was the problem solved?
o Is the solution relevant?

Appendix 1 gives a checklist based on these questions.
Here we discuss each of the criteria in turn.

Which world problem is solved? World problems
consist of problematic phenomena. Now, being prob-
lematic is not a property of a phenomenon itself, but
of the relationship between a phenomenon and some
norm. For example, the phenomenon that a develop-
ment project took 3 years is not good or bad in itself.
It is good with respect to the norm that it should not
exceed 4 years, but it is bad with respect to the norm
that it should be less than 2 years. Operationalized in
terms of values for observable variables, a problem
consists of the difference between observed values and
desired values of these variables. The desired values
are called norms in this paper. Stakeholders often refer
to their norms as goals. We regard these terms as
synonyms.

It is not always clear how exactly the relevant norms
apply to the phenomena. If certain groups of stake-
holders receive less attention than others in ERP
implementation projects, does this contradict the norm
that all stakeholder groups should get a fair hearing?
What is “fair” in this case? Should all stakeholders get
equal attention, or are some truly more important than
others? If a paper calls unequal attention to different
stakeholder groups a problem, it should explain with
respect to which norm this is a problem, and how this
norm applies to the problem situation.

To be applicable to a problem situation, norms often
have to be operationalized, for example by choosing
values of variables as indicators. We call an operation-
alized norm a criterion.
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There is usually a set of norms, related to different
stakeholders, and a problem description should identify
these relationships. Which stakeholders require which
norms? And why does a stakeholder require adherence
to a norm because the norm is intrinsically valuable, or
because adherence to the norm leads to adherence to
another norm? For example, is the norm of fairness
intrinsic, or is it instrumental for another norm, namely
avoidance of implementation failure?

During problem-solving, new norms may be identified
that were not apparent earlier, or that were not relevant
earlier. For example, suppose a business process delivers
results too late too many times, and this is diagnosed as a
problem with coordination between two departments.
We may improve the coordination between two depart-
ments by means of (1) weekly meetings, or by (2) the use
of a workflow system. If we choose solution option (2),
the additional norm that this system runs on currently
available platforms becomes relevant. This norm is not
relevant in case option (1) is chosen, and so far it has not
been identified in the problem investigation. So some
relevant norms in a problem situation may only become
relevant after a solution option is chosen. And some may
become relevant only after a solution is implemented.
For example, interoperability may become an issue after
a workflow system is implemented. Generalizing from
this example, some norms define the problem (the num-
ber of late results must be below a certain level), whereas
others are constraints that are only relevant for some
solutions and not for others.

In addition to describing phenomena, norms, and
stakeholders, there is another concern that the engineer
may have to describe. Usually, the problem of interest
is part of a complex bundle of problems, involving
many phenomena, many norms, and many stakehold-
ers. For example, in addition to being unfair to some
stakeholder groups, ERP requirements negotiation may
lack a true insight into the cost of implementing vari-
ous requirements, no renegotiation takes place when
new cost data become available, etc. If an RE paper
proposes a solution for ‘“the” ERP requirements
negotiation problem, which of these problems does it
solve? Are the different problems distinguished, are
priorities given to them, and does the author make a
choice which problem to solve?

To sum up, our first list of criteria for evaluation
papers reporting on a solution to a world problem is this:

1.1 Phenomena

1.2 Norms

1.3 Relation between norms and phenomena
1.4 Stakeholders

1.5 Problem-solver’s priorities

How was the problem solved? These criteria follow
the engineering cycle, which we discussed at length in the
preceding section. In a description of the outcome of an
engineering process in which several alternative solu-
tions where designed and validated, and one was chosen,
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implemented, and evaluated, one should find the fol-
lowing elements:

2.1 Problem investigation

2.1.1 Causal relationships between phenomena

2.2 Solution design

2.2.1 Source of the solution. Is it borrowed or
adapted from some published source, or is it
totally new?

2.2.2 Solution specification

2.3 Design validation

2.3.1 Solution properties
2.3.2 Solution evaluation against the criteria iden-
tified in problem investigation.

2.4 Choice of a solution

2.4.1 Alternatives considered

2.5 Implementation description
2.6 Implementation evaluation

2.6.1 Observations
2.6.2 Relating observations to the criteria relevant
for this implementation.

Solution validity, which is the sufficient proof of that
the solution works for this problem, is often called
“soundness” of the solution in the RE literature.

What is the relevance of the solution? A minimal rel-
evance criterion is novelty. The proposed and imple-
mented solution must not have been proposed and
implemented before. However, relevance also means
that this solution not only works for this particular
problem, but for a whole class of problems. For exam-
ple, in a paper describing a new ERP requirements
negotiation technique, is this technique applicable to all
ERP implementations? To other implementation pro-
cesses? In addition, since the paper described solution
properties and describes properties of an implementa-
tion, does the paper also contain a significant addition to
our knowledge?

Fig. 2 Knowledge problems in
the engineering cycle

World problem

This leads to the following three relevance criteria.

3.1 Novelty of the solution
3.2 Relevance for classes of world problems
3.3 Relevance for theory

Discussion We do not mean that each paper about
world problems should satisfy all these criteria. It may
take a Ph.D. project to analyze a problem, propose a
solution technique, and do a proof-of-concept valida-
tion. It may take two more years to do a proper vali-
dation, and an additional 10 years to implement it in the
real world and evaluate its use. Journal papers may
present a solution specification and a validation, and
conference papers may only specify a solution and
illustrate it, without validating it. Instead of requiring
every engineering paper to satisfy all criteria, we use the
engineering cycle to classify a paper, and then choose
appropriate criteria to evaluate it.

2.4 The research cycle

We observed that there are several knowledge prob-
lems in the engineering cycle. Figure 2 summarizes
them. An answer to a knowledge problem may be
found by various means such as looking it up in the
literature, consulting other people who solved similar
problems, or by using one’s own previous experience
with similar problems. Here we are interested in the
case that original research must be done to find an
answer. Hence, it is relevant for us to describe the
research cycle.

To solve a knowledge problem by doing research,
we have to figure out what we want to know, design
the research by which we want to acquire this
knowledge, validate this design, do the research as
designed, and finally evaluate the outcome of this.
This research cycle has the same structure as the
engineering cycle, and for a good reason both have
the structure of rational action, in which we plan an
action before we act, and in which we evaluate the
outcome of an action after the act. More in detail, the
research cycle has the following structure.

Example knowledge problems

Problem investigation < Knowledge problem: stakeholders, goals, phenomena, causes, norms

Solution design < Knowledge problem: available solutions?

Solution validation <

\4

Solution choice

v

Knowledge problem: solution effects, effect evaluation

Solution implementation < Knowledge problem: Available resources?

\d

—

Implementation evaluation < Knowledge problem: implementation effects, effect evaluation



1. Problem investigation Before we design the research,
we must investigate the nature of the problem we
need to solve. Examples of questions to be answered
at this stage are the following:

e What do we want to know?

e Why do we want to know this? This, the research
goal, relates the research problem to a world
problem. Which world problem provides the con-
text for this knowledge problem? Is this part of the
problem investigation, or of a design validation, or
of an implementation evaluation?

e Who wants to know this?

e What do we already know about this problem? Is a
simple literature study sufficient, or must we design
a more elaborate research?

e [s it an empirical or a conceptual problem? In this
paper, we restrict ourselves to empirical problems.

For example, if we are investigating a world problem,
then we want to know what the problematic phe-
nomena are, who are the stakeholders and which
norms they have with respect to which these phe-
nomena are problematic. We want to know this be-
cause we need to know which actions can help solve
this world problem. We might have solved this type
of world problem before, in which case no research
needs to be done because we already understand the
problem; or the problem may be hitherto unsolved, in
which case we need to do research in order to
understand the problem.

2. Research design If we have decided that we must do
research to acquire the desired knowledge, then we
need to design the research. Can we do laboratory
experiments, or must we do field research? Are there
cases available that we can study, or should we do
simulations or build prototypes to study? Or should
we do action research to try out our techniques in
reality? In general, a research design should state
what we observe, how we observe it, and how we
analyze the observations. More information about
research design can be found elsewhere [3, 11, 17, 25].

3. Design validation The research design must be vali-
dated in several ways. First, any design for empirical
research uses a conceptual framework within which
to describe the relevant phenomena. The design must
be checked for construct validity, which means that
the relevant concepts defined in this framework have
been operationalized adequately into observable
variables. Second, empirical research results in claims
about causal relationships among these variables. For
example, a paper may claim that insufficient attention
to user groups in ERP implementation significantly
adds to the implementation costs. This is a causal
claim. Other possible claims are about statistical
relationships or are just descriptive. Whatever the
knowledge claim, a research design is internally valid
if the claim indeed follows from the observations.
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Internal validity is a property of a research design.
Third, even when constructs have been properly op-
erationalized and knowledge claims are internally
valid, we must still check whether the result general-
izes to other cases, beyond the one observed in the
research. This is the question of external validity. See
Cooper and Schindler [3] for more about the various
forms of validity.

4. Research Having designed the research and validated
the design, we must do it. It is important that the
research be performed in a repeatable and intersub-
jective manner. If we would do it again, we should get
the same results, and if others would do it, they
should also get the same results.

5. Evaluation of outcomes The knowledge acquired by
the research should be related to the original research
questions and research context. If a world problem
has been analyzed, we should now check if we
understand enough of the problem to start thinking
about a solution. If a design of a solution to a world
problem has been validated, we should now check
whether we know enough about the design to trust
that it solves the original world problem. And if an
implementation has been evaluated, we should now
check whether we know enough about the imple-
mentation to assess it with respect to the relevant
criteria.

See Babbie [2] for more on the structure of knowledge
problems.

The research cycle identifies six research tasks that
may not always be performed in sequence. During a
research project, there will be many jumps back and
forth through the research cycle. However, to justify the
results of research, the preceding tasks have to be per-
formed and they must have the described relationships
to one another. To justify the research procedure, the
research design must be described; to justify the design,
the relationship to the problem to be investigated must
be indicated, and it must be justified that with respect to
these questions, the design is valid. In other worlds, the
research cycle is the structure of justification and not
necessarily the structure of discovery [12].

2.5 Criteria for the presentation of a solution
to a knowledge problem

When a paper reports about research, it should answer
the following questions:

e Which knowledge problem is solved?
e How was the problem solved?
e What is the relevance of this outcome?

These are the same questions we asked about world
problems earlier. We discuss each of these questions in
more detail. Appendix 2 summarizes the criteria that
come out of this discussion.
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Which knowledge problem is solved? As indicated in
Fig. 2, engineering research consists of investigating
world problems, validating solution designs, or evalu-
ating implementations. Whatever the context, to indi-
cate which knowledge problem is solved, we must
indicate which phenomena are of interest, and what
properties of these phenomena, called variables, we are
interested in. The knowledge problem may consist of
finding values of the variables of interest in the observed
situation, or it may consist of finding causal or statistical
relationships among the variables. The problem is usu-
ally operationalized in the form of a list of research
questions. If there are several knowledge problems, are
they distinguished and prioritized? Is it clear which one
the paper is proposing to solve? This leads us to the
following criteria.

1.1 Phenomena

1.2 Variables

1.3 Relationships among variables
1.4 Research questions

1.5 Priorities

How was the problem solved? This involves a design of
the research by which the answer to the research ques-
tions will be found. To describe a research design we
must describe the population studied, the measurement
procedure followed and the method by which the results
were analyzed. Measurement is the assignment of num-
bers to phenomena according to some procedure [10,
page 177]. In the conceptualization of the knowledge
problem, the phenomena have been described by means
of variables. Measurement is then the determination of
values of these variables according to some procedure
such as direct observation, probes, questionnaires,
interviews, or some other method. Analysis of the results
can be qualitative (conceptual analysis) or quantitative
(using some statistical method).

Following the research cycle, we also require a report
on the construct validity, internal validity and external
validity of the research.

When the research is then actually done, we perform
measurements that must be reported.

Finally, we need to know what conclusions the au-
thors drew from the measurements. What is the answer
to the research questions that follows from these mea-
surements? Are there theoretical explanations of these
answers? And is there any way in which these explana-
tions could be wrong? Could there be fallacies in the
research design, in the measurements, or in the analysis
that could invalidate the results?

Summarizing, we have the following evaluation cri-
teria.

2.1 Research design

2.1.1 Population
2.1.2 Measurement procedure
2.1.3 Analysis method

2.2 Validity

2.2.1 Construct validity
2.2.2 Internal validity
2.2.3 External validity

2.3 Measurements
2.4 Analysis

2.4.1 Answers to research questions
2.4.2 Theoretical explanations
2.4.3 Possible fallacies

What is the relevance of this solution? There are two
kinds of relevance that we must check. First, is the
knowledge acquired an interesting addition to the cur-
rent body of knowledge? And second, what is the
implication for the engineering context from which we
started? So the two criteria here are the following.

3.1 Relevance for theory
3.2 Relevance for engineering practice

Discussion Papers that report about research should
be evaluated according to all of these criteria. Progress
reports may restrict themselves to a part of the re-
search cycle, but to report about the entire research, all
these criteria must be satisfied. This is different from a
report about solving a world problem, where we saw
that a paper can restrict itself to part of the engi-
neering cycle, such as problem investigation or solution
design.

3 The problem: the methodological structure
of RE papers

Having set out our conceptual framework for solving
knowledge problems and world problems, we now re-
turn to our original question what the methodological
structure of RE papers is. We will describe our research
using our checklist of evaluation criteria for knowledge
problems, summarized in Appendix 2.

The phenomena of our problem are RE papers written
by researchers and submitted to a scientific audience. This
includes papers that have been published in scientific RE
conferences and journals as well as those that have been
rejected by them. This reflects our concern with the
methodological soundness of all submissions to scientific
RE conferences and journals. Given this set of phenom-
ena, our original research question is split into two:

Q1 What is the methodological structure of submitted
RE papers?

Q2 Is the methodological structure of accepted papers
significantly different from that of rejected papers?

Note that our phenomena are papers that have been
submitted; it does not contain papers that will be sub-
mitted.



The variables used to describe the phenomena have
been defined in our conceptual framework. The
checklists of Appendices 1 and 2 is in fact a list of
variables whose value we would like to determine. The
question, what the methodological structure of an RE
paper is?, is thus operationalized into the set of ques-
tions what the values of our variables are for the
observed phenomena.

Since we do not have a problem bundle, there is no
need to set priorities among a set of problems.

4 Research design
4.1 Population

Since the set of all submitted RE papers is very large and
mostly inaccessible, we have to draw a sample. To an-
swer research question QI, we selected the first 37 sub-
missions to the RE’03 conference [19]. We call this set
sample 1. The reason for choosing the submissions to the
RE’03 conference is that this set of papers was accessible
to us. There is no particular reason for selecting the first
37 submissions; we could also have selected the last 37,
or any other subset. There is no reason to assume that
the first 37 submissions are systematically different from
any other set of 37 submissions.

To answer our second question, we extended sample
1 with the set of all accepted papers. This yielded a set,
called sample 2, consisting of 30 rejected papers and all
the 25 accepted papers (Seven papers in sample 1 were
accepted papers.)

4.2 Measurement procedure

We scored both sample on the checklist of Appendix 2.
One of us coded the material. After that, the other re-
peated the coding. Inconsistencies were resolved to-
gether.

4.3 Analysis method
Our analysis method contains nothing more complicated

than counting the scores of papers on the different
variables and summarizing the results.

5 Validity

Construct validity is the extent to which we really mea-
sured what we claim to be measuring. There might be
interpretation errors in our data. Where one observer
reads a description of the phenomena, norms, and
stakeholders of a world problem in a paper, another
observer might not read the same description in this way
at all. However, this did not occur in our observations.
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The three or four inconsistencies in coding that we
encountered were easily resolvable, and in the vast
majority of cases where one of us considered a paper to
satisfy a criterion, the other did so too.

A different issue is that papers may satisfy criteria
only to a certain extent. Whether or not a paper about
a world problem describes the relevant norms, phe-
nomena, and stakeholders is a matter of degree: if the
description consists of one sentence and some hand-
waiving, is it present or absent? Most criteria are of
the kind that can be satisfied to a greater or lesser
extent. In almost all cases, when one of us thought
that a paper satisfied a criterion only to a small
extent, the other also thought so. We therefore
introduced a category ‘‘satisfies the criterion, but
insufficiently”’.

Internal validity is the extent to which knowledge
claims inferred from the measurements are indeed valid.
Our selection of cases and our coding procedure ensure a
sufficient level of internal validity.

External validity is the generalizability of our results
to the entire population. This is not possible from our
two samples. They are too small to draw conclusions
about the set of all submitted RE papers. Nevertheless,
we will argue later that we can draw some conclusions
from our results that are relevant for authors of future
RE papers.

6 Measurements

We summarize our measurements in Figs. 3 and 4. We
discuss each of the samples in turn.

Papers about world problems There are 37 papers in
sample 1, of which 27 are classified as papers about
world problems, 6 as papers about knowledge problems
and 4 as papers about both a world problem and a
knowledge problem. For example, a paper that extracts
a method from a number of empirical case studies is
classified both as being about a world problem (a
method is proposed that is claimed to improve some-
thing) and about a knowledge problem (empirical case
studies are performed). Clearly, sample 1 has a bias to-
wards world problems.

Few papers give an adequate problem definition. In
particular the relationship between norms and phe-
nomena is described clearly by only a few papers. Al-
most all papers consider a problem in isolation, and do
not give priorities. About half of the papers diagnoses
the problem.

All papers specify their solution adequately. Valida-
tion of the solution receives attention in only a small
number of papers. Alternatives are rarely considered.
Only a few papers describe an implementation.

All papers in sample 1 claim novelty. However, this
was not always substantiated. More than half of the
papers claim relevance for practice. Relevance for theory
is not a point of attention.
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Fie, 3 Seore o he o samples
problems (Appendix 1). The N =231 Rejected = 26 Accepted = 20
numbers under ““+ " indicate + - + - + +-
how many papers score clearly
positive on the criterion, and 1. Problemdenition
the pumbers under *+ —" 1.1 Phenomena 7 13 6 11 4 9
indicate how many papers score
weakly on that criterion 1.2 Norms 8 14 8 9 3 14
1.3 Norms/phenomena 2 8 2 8 2 4
1.4 Stakeholders 9 12 7 8 2 12
1.5 Priorities 3 0 0 0 0 0
2. How solved
2.1 Problem investigation
2.1.1 Causal 10 7 8 7 8 4
2.2 Solution design
2.2.1 Source 3 3 1
2.2.2 Specication 31 26 20
2.3 Validation 4 1 4 6
2.4 Choice
2.4.1 Alternatives 2 3 2 1
2.5, 2.6 Implementation 1 1 1 1
3. Relevance
3.1 Novelty 31 0 26 20
3.2 Relevance for practice 11 10 8 9
3.3 Relevance for theory 1 1 1 1
e o o el
problems (Appendix 2). The N =10 Rejected = 8 Accepted = 6
numbers under *“+ " indicate - - + - + +-
how many papers score clearly
positive on the crite“rion,”and 1. Problem denition
fggiggglfg;ﬁgsg p;pers score 11.1 Phenomena 10 0 8 0 6 0
weakly on that criterion 1.2 Variables 6 3 6 2 4 2
1.3 Questions 0 1 0 0 1
1.4 Priorities 1 1 1 1 0 0
2. How solved?
2.1 Research design
2.1.1 Population 4 0 3 0 4 1
2.1.2 Measurement procedure || 3 1 2 1 4 0
2.1.3 Analysis method 3 2 1 2 4 1
2.2 Validity 2 1 0 1 3 1
2.3 Measurements 3 2 2 2 4 1
2.5 Analysis 0 1 0 1 4 1
3. Relevance
3.1 For theory 2 3 2 0 4 0
3.2 For practice 4 2 1 1 0 0

Sample 2 displays a bias towards world problems too. Diagnosis of the problem occurs just as little in accepted
The quality of problem definition is slightly worse for as in rejected papers. Validation of the solution receives
accepted papers than it is for rejected papers in sample 2. attention in relatively more accepted papers than



rejected papers. Alternatives are hardly considered in
accepted papers. Relevance for practice is claimed by
relatively more accepted than rejected papers, but the
difference is small.

Papers about knowledge problems Turning to Fig. 4,
10 papers in sample 1 and 16 in sample 2 are research
papers. That is about 25% of each sample. We find
the same percentage in the accepted and rejected part
of sample 2: about 25% of each part is research
papers.

We see that in both samples 1 and 2, almost all re-
search papers define their variables, but that research
questions are hardly stated and priorities not set. Less
than half of the papers describe their research design,
and validity is not an issue for most research papers.
More accepted than rejected papers (relatively speaking)
present their measurements. More accepted than re-
jected papers (relatively speaking) claim relevance for
theory, but accepted papers do not claim relevance of
their results for practice.

7 Analysis
7.1 Answers to research questions

To summarize, the pattern that emerges from these data
is that in our samples, papers about world problems
present solutions to isolated problems. Relevant norms
and stakeholders are not always indicated, and diagnosis
of the causes of the problem is omitted in almost half of
the papers in each sample. Solutions are specified
clearly, but the sources for them are usually not indi-
cated and validation is almost always omitted. Very few
papers describe an implementation. More than 60% of
the papers in each sample claim relevance for practice.
Relevance for theory is hardly an issue for the papers in
our samples.

These observations are also made of the sets of ac-
cepted and rejected papers in sample 2. An important
difference between accepted and rejected papers in
sample 2 is that more accepted than rejected papers
devote space to validation.

Most research papers in our samples do not formu-
late research questions, and about half do not describe
their research design and almost none discuss validity.
This means that generalizability of results is at issue. If a
research design is not described, others cannot repeat the
research. And if validity is not discussed, generalizability
to the entire population cannot be claimed.

7.2 Explanations

The provision of explanations is not a part of our re-
search goal. Nevertheless, in this section we speculate
about possible explanations of our results. These
explanations are hypothetical and need further research
to confirm or refute them.
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The first hypothetical explanation for these data that
we offer is that authors of RE papers are designers: They
design new techniques and then publish them, illustrat-
ing them with an example. If it is not the problem but
the solution that is of interest, then this would explain
the absence of problem diagnosis, and of setting prior-
ities in (real-life) problem bundles. It does not explain
the lack of validation though, because validation is the
investigation of solution techniques.

The lack of validation can be explained by the fact
that RE papers are about RE processes performed by
people. To validate that a technique improves RE
practice, the researcher could do experiments or use
other empirical methods to discover properties of the
technique, and relate these properties to the situations in
which the technique can be used. This is hard work that
usually takes long to accomplish, and moreover they are
investigations into what happens when people use the
new technique. This requires research skills similar to
those of social scientists, and the designers who invented
the techniques may not be attracted by this kind of re-
search. They find it less fun to do the research than to
invent the techniques. This is the hypothetical explana-
tion that we offer for the lack of validation in RE’03
papers. The lack of attention to research design in the
research papers in our samples is also explained by it.

The absence of any discussion of implementation in
papers about world problems follows from the same
hypothesis. RE techniques are to be used by people.
Implementing those techniques means transferring them
to industrial practice. This is a slow process that can
take anywhere from 5 to 20 years. It is unrealistic to
expect discussion of implementations soon after a tech-
nique is invented. However, given that the field of RE is
about 15 years of age, it does not explain why there are
only one or two discussions of implementation in our
samples.

7.3 Soundness

This brings us back to the validity of our results. We do
not know whether our samples are representative for the
entire population of hitherto submitted RE papers, and
so we cannot claim external validity. But neither can we
find a reason why our samples would be different from
all other RE papers. The call for papers of RE’03 dif-
fered from previous calls in that slightly more attention
was spent on the evaluation criteria for the different
paper categories. Validation was mentioned explicitly. If
there is any difference between our samples and earlier
RE submissions, then we would expect our samples to
spend more attention on validation than earlier sub-
missions.

Is there any possibility that our results are wrong? Is
there a flaw in our reasoning that invalidates our
observations? The coding of the papers in terms of our
checklists involves a qualitative interpretation, as our
distinction between “+* and “+ —"" shows. This is a
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fuzziness shared with a lot of social science research
conducted by questionnaires. Subjects who try to answer
a question may feel that the question is slightly beside
the point that under different conditions, not mentioned
in the question, different answers are possible, or that
there is a definite answer that is not in the list. As a
result, their answers may not represent what they really
think. Many such errors of interpretation may occur if a
questionnaire has not been tried out before being used.

We think we have included sufficient measures to
exclude interpretation errors in the data. The criteria of
Appendices 1 and 2 have clear definitions and, as indi-
cated earlier, are in agreement with the accepted views of
research methodologists. If the concepts would have
been fuzzily defined, then many coding inconsistencies
should have occurred. Since there were hardly any
coding inconsistencies, the remaining fuzziness is part of
the data itself and not of the concepts introduced by us.
And since we agreed on almost all our qualitative
judgments about the extent to which a paper satisfied a
criterion, we think the data in Figs. 3 and 4 are reliable.

8 Discussion

Returning to our motivation to do this research, the
majority of papers in our samples discusses solutions to
world problems, but few of them do problem investi-
gation or solution validation. We claim that this inhibits
the transfer of research results to practice. To facilitate
such a transfer, it should be clear to practitioners for
which problems a technique has shown to be successful.
Therefore, researchers should select relevant problems to
solve, and they should deliver techniques that have been
validated for particular problem classes.

This is true for both problem- and technique-driven
engineering research. In problem-driven research, engi-
neers study real-world problems and try to design and
validate solutions for them. In technique-driven research,
engineers study the properties of techniques and try to
find real-world problems that can be solved by them. In
either case, problems and solutions are matched by
investigating both problem properties and solution
properties. If we do neither problem investigation nor
solution investigation, then chances are that the tech-
niques we come up with are irrelevant for practice.

The relevance of our research for practice consists of
the normative conceptual framework we defined to do
this research. If our results—lack of problem investiga-
tion and solution validation—would be falsified by all
future RE papers, then this would be a good thing, for
then two barriers to transfer of research results to
practice would have been removed. But even in that
case, we think our two case studies show that it is useful
to publish a conceptual framework for engineering re-
search such as the one we describe, for at least in our
samples there are too many papers that do not follow
the precepts of this framework.

We have simply applied principles known from re-
search methodology, and we do not claim any contri-
bution to that field. However, we do claim that we have
clarified in Sect. 2 the relationship between research and
engineering, and to have defined two convenient
checklists of criteria not published before. Just as our
engineering checklist identifies two obstacles for transfer
of techniques to industry, namely lack of problem
investigation and lack of validation, so our research
checklist identifies two obstacles towards creating an
accumulation of knowledge, namely the lack of research
designs and the lack of discussions of validity of results.
This prevents researchers to reuse and build upon re-
search results published by others.

Acknowledgements This paper benefited from discussions with
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Appendix 1. Checklist for papers about solutions
to world problems

An engineering paper does not need to satisfy all criteria
listed below. Which criteria are relevant depends on the
task in the engineering cycle that the paper reports
about.

1. Which world problem is solved?

.1 Phenomena

.2 Norms

.3 Relation between norms and phenomena
.4 Stakeholders

.5 Problem-solver’s priorities

1
1
1
1
1
2. How was the problem solved?
2.1 Problem investigation

2.1.1 Causal relationships between phenomena

2.2 Solution design

2.2.1 Source of the solution. Is it borrowed or
adapted from some published source, or is
it totally new?

2.2.2 Solution specification

2.3 Design validation

2.3.1 Solution properties
2.3.2 Solution evaluation against the criteria
identified in problem investigation.

2.4 Choice of a solution
2.4.1 Alternatives considered

2.5 Implementation description
2.6 Implementation evaluation



2.6.1 Observations
2.6.2 Relating observations to the criteria relevant
for this implementation.

3. Is the solution relevant?

3.1 Novelty of the solution
3.2 Relevance for classes of world problems
3.3 Relevance for theory

Appendix 2. Checklist for papers about solutions
to knowledge problems

A research paper must satisfy all criteria.

1. Which knowledge problem is solved?

1.1 Phenomena

1.2 Variables

1.3 Relationships among the variables
1.4 Research questions

1.5 Priorities

2. How was the problem solved?

2.1 Research design

2.1.1 Population
2.1.2 Measurement procedure
2.1.3 Analysis method

2.2 Validity

2.2.1 Construct validity
2.2.2 Internal validity
2.2.3 External validity

2.3 Measurements
2.4 Analysis

2.4.1 Answers to research questions
2.4.2 Theoretical explanations
2.4.3 Possible fallacies

3. What is the relevance of this solution?

3.1 Relevance for theory
3.2 Relevance for engineering practice
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