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Abstract. When an experienced assessor enters a company there are certain
characteristic symptoms that reveals the maturity of the company even before
the assessment. In this paper we start out from a list of 32 characteristic symp-
tomatic problems generated by two experienced assessors after maturity as-
sessments in more than 300 companies. We then use cognitive mapping asking
five times why to get behind the symptomatic problems and reveal the underly-
ing problems or causes of the problems. Our mapping revealed a number of in-
teresting relationships between the symptomatic problems. We then evaluated
our findings by building a tool in the form of a website where users could score
statements - formulated from the symptoms - and from that we could point them
to areas where they probably needed to improve. We improved the tool in three
learning cycles of design evaluation and ended up in a summative evaluation
where we compared the outcome of using the website tool with a CMMI ma-
turity assessment. We conclude that looking for symptoms, and as an individual
scoring statements build on the symptoms, can point to improvement areas.
However, doing so is not a replacement for a maturity assessment, the scoring
of statements cannot necessarily reveal the maturity of the organization.

Keywords: Cognitive map, Process Improvement, Maturity, Improvement,
CMMI.

1 Introduction

Imagine that you are a manager in a product development company or department, in
distress over some bad performance. Somewhere. It is your responsibility, but where
is the real problem? Where should you direct your attention? What should you do?

Start looking, and you will find an overwhelming amount of processes, problems,
causes of problems, symptoms of problems, tools, practices, people, organisational
structures. Each of them could potentially be the problem. And they seem to relate to
each other in many ways.

The authors of this paper are looking for a way to help you out. From our experi-
ence, there is a relatively limited number of symptoms that is of real importance in
most organisations. There are also a limited number of relevant relationships between



the symptoms, the experienced problems, and the causes of the problems. In this pa-
per we start our work from a list of 32 symptoms that we have meet when we have
been doing assessments in more than 300 different product development organisa-
tions. We take each symptom and ask two things; (1) What are the causes of this
symptom? — the problem behind so to say; (2) What does it cause or lead to or has as
effect?

An example could be that the documentation for a product is not updated. That
could be caused by lack of time for making documentation, and that again could be
caused by a very tight development schedule or budget for product development.
Further, when documentation is not updated it could lead to difficulties in maintaining
and further developing the product, and that again could lead to the problem that it
becomes excessively costly to maintain and further develop the product.

The example above has five levels of problems; a kind of problem-hierarchy that
is. An old Japanese improvement technique called “5 times Why” operates exactly
with five levels. The point being that you should never go with the first symptom of a
problem but instead look for the root cause(s). The Japanese car company Toyota
developed the “5 times Why” technique in the 1930s. It became popular in the 1970s,
and Toyota still uses it to solve problems today [1].

The research question we aim at answering in this paper is: “How can we use a
mapping of the symptomatic problems, causes and effects, and the relationships iden-
tified between them, to design a tool that can help determine what the most urgent
improvement areas are in your company?”’

Our approach for answering that research question is to use the “5 times Why”
techniques on the 32 symptoms that we regularly have met in companies.

In this work we have used the CMMI [2] maturity model as our basis for discus-
sions because two of the authors are very experienced in using this model. However,
it could have equally relevant to use SPICE or Automotive SPICE [3] and the ad-
dressed practice capabilities in these models.

2 Existing research on problems

A problem can be defined as a perceived difference between what is and what ought
to be [4]. There can be many aspects of a problem [5]. It can be a consciousness of a
gap, a desire, or a need. On the other hand, an aspect can also be that something is
undesirable and therefor implies the imperative for change. A third aspect can be that
it is difficult as opposed to trivial. A fourth aspect that it is solvable as opposed to
impossible to solve. And finally, there can be different perceptions by different stake-
holders. One may see it as undesirable not to have updated documentation whereas
another stakeholder may see it as no problem at all.

In the literature you find many problem analyses and problem-solving techniques.
A well-known method by Peter Checkland [6] [7] [8] is called Soft Systems Method-
ology (SSM). Checkland had experience as a consultant for big international compa-
nies like Shell before coming back to academia as a professor in systems thinking. He
distinguishes between hard and soft problems. A hard problem is a well-formed prob-



lem that can be solved with well-known engineering techniques. The problem pre-
sents itself so that it is easy to see what type of problem it is. A soft problem on the
other hand may have many aspects, many humans involved, and many different
stakeholder perspectives. Thus, it needs work and discussion to understand the prob-
lem — if it is a problem!

Checkland has two important points that we will use here. First, it pays off to dis-
tinguish between the real world and systems thinking at a meta- level about the real
world. Second, it pays off to produce models of purposeful activity in the real situa-
tion and use the models as devices to explore the situations and structure a discussion.

Rittel and Webber [9] defined some problems as being ‘wicked’ in that you cannot
solve the problem unless you have some knowledge that you can only get from solv-
ing the problem; the problem cannot be understood until after the formulation of a
solution. Hence, the only viable strategy is to start solving the problem and learning in
the process. Further, wicked problems can be considered to be a symptom of another
problem. They are linked together.

Many years later Snowden and Boone [10] presented a framework for sense mak-
ing to be used by leaders’ for decision-making where they look at the relationship
between cause and effect. If the relationship between cause and effect is known, it is a
‘simple problem’ that we can use best practice for. If the relationship is potentially
knowable — through hard work by experts — then it is a complicated problem. And if
the problem is wicked and thus the relationship between cause and effect only retro-
spectively coherent then it is a complex problem.

Looking at the relationships between problems and the causal relationships Colin
Eden [11] came up with cognitive maps of problems or constructs as he calls them
where the link between two problem constructs is in the form of an arrow to show the
nature of the linkage; “an arrow out of a construct shows a consequence and an arrow
into a construct an explanation” [11, p. 5]. Some years later Eden and Ackerman [12]
developed cognitive or causal maps into a techniques [13] that could be used for mak-
ing strategy. Finally, Venable [14] refined cognitive maps into coloured cognitive
maps that can be used for creating a design of a solution. His idea was that each prob-
lem should be formulated with its opposing node. E.g. ‘high employee turnover’ has
the opposing node ‘low employee turnover’. And when you switch around a whole
cognitive map — from the original nodes to the opposing nodes - you will end up with
a potential design solution.

3 Research Method

To answer our research question, what are the most urgent improvement areas in your
company?, we decided to apply DSR - Design Science Research [15]. DSR is a re-
search approach where you build something and then learn from it (when evaluating).
Thus, in order to answer our research question, we decided to build cognitive maps
showing the linkages and relationships between problems and symptoms, causes and
effects, to better understand what the most urgent improvement areas in a company



may be. And we decided not to do it for a specific company but instead do it at a sys-
tems-oriented meta-level.

A main reason for choosing DSR as our research methodology is that it combines
the need for practical relevance and utility. DSR emphasizes that a design should
address a need or a problem and at the same time should “stand on the shoulders” of
existing research within the problem area [15]. Besides having a ‘relevance iteration
cycle’ where you start by identifying a need or a problem you also have a ‘rigor itera-
tion cycle’ where you identify all relevant academic literature; what do we actually
know by now? The artefact that you are building in order to learn can be a product
artefact or a process [16].

Hence, we developed causal cognitive maps. We started out from symptoms that
can be seen in companies and asked what can this cause? (= Consequences), and what
is causing this? As said above we decided to use the “5 times Why” techniques so we
developed each symptom in five levels typically by starting with the symptom in the
middle of the map and then eliciting two levels of consequences and two levels of
causes.

What data should we use for eliciting the maps? Here we took advantage of the
more than 600 assessments in more than 300 companies that the group of authors
together have carried out. That has given us extensive knowledge of how things are
related. So, we simply used the cognitive mapping techniques to make explicit what
was in our cognitive mind. At first, we split the symptoms in three groups and
mapped a group each. Then to avoid bias and give some inter-coder reliability we
swapped the maps around among us until all three authors agreed of the linkages and
relationships. We decided only to represent the most important linkage(s), one, two or
three. So, a symptom can be caused by many things, but we decided to prioritize the
causes and only represent the most important ones. In doing so we are following the
principle of organizational learning from the SPI Manifesto [17].

This paper primarily supports the following principles in the SPI Manifesto: Create
a learning organization; Support the organization’s vision and business objectives;
Use dynamic and adaptable models as needed — in the sense to bring insight for the
principles.

4 Symptoms observed

In this paper we start out from a list of 32 characteristic symptoms generated by two
of the authors of this paper being experienced assessors after maturity assessments in
more than 300 companies. They were acknowledged in the following way.

Over the last 25 years as many as 600 assessments are performed in over 300 com-
panies. During this work, the assessors got more and more trained to collect signals
related to how “clever” the company are to develop new products or deliver projects
for customers. It came so far, they the assessors started to guess on the maturity after
looking at some of the main documents, development model and be welcomed in the
reception.



Last year the assessors started to identify the most common symptoms. After sev-
eral brainstorms and discussions, it ended in 32 symptoms, which was formulated as
statements of the symptoms. Examples of symptoms were:

e  We cannot tell how much effort an individual has used on an activity (#1)

e  We do not know who and how many that have a say in the project and the
results of the project (#8)

e  Unfortunately, we do not find defects until the product is in operation with
the customer or end-user (#13)

e  We are often correcting the same mistake again and again (#19)

e Employees experience “bad” deliveries from colleagues (#28)

The 32 symptoms were grouped into 5 natural categories, based on the type of the
symptoms. The five examples above are one from each of the following five catego-
ries:

To be in control of the projects across the organization

Knowing what do develop and deliver?

Projects having the adequate competences to run projects

Having project insight and status

Quality in work and work products

e

Having these symptoms defined, we had to qualify them and find a way to make this
operational.

5 Cognitive Maps

To obtain a better understanding of the symptoms we decided to apply cognitive
maps. We started out from a symptom. Then we asked, what is causing this? And then
we asked again; what is the cause of the cause?, thereby identifying the underlying
problem. Further we asked, what is the effect or result of the symptom? And then;
what is the effect of the effect? For some of the problems we could probably have
continued further back to an even more underlying problem or further forward to an
effect of an effect of an effect. However, we had decided to apply the “5 times Why”
heuristic so we ended our mapping of each symptom with a map that had five layers.

We did this mapping for all 32 symptoms. Furthermore, we circulated the maps
among the three authors thereby neutralising any bias that any one of us may have
had. We also had some discussions about certain problems; is this a cause or an ef-
fect? That was not always easy to answer.

An interesting observation that we made while going through the symptoms one by
one was that some (causal) problems or effects started to reappear. We noted that and
discuss it later in this paper.

In Figure 1 you find an example where we have mapped symptom #6: “We have
difficulties correcting defects in something delivered”.
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Fig. 1. An example of a cognitive map — here of symptom #6. As you can see the map has five
levels of problems corresponding to the “5 times Why” heuristic that we have used.

One “causality track” that we find in Figure 1 is the following: We have no config-
uration management => We don’t know what the current version is => We have diffi-
culties correcting defects in something delivered => We use too much time on
maintenance => We are not efficient (doing things right)

Another causality track found in Figure 1 is: We don’t manage changes, i.e. in re-
quirements => We have no traceability => We have difficulties correcting defects in
something delivered => We have reflux and rework => We are not effective (doing
the right things)

When we were eliciting and creating the cognitive maps, we also found that some
symptoms are related to other symptoms. That was easily seen when two symptoms
resulted in (or caused) the same effect or when two symptoms were caused by the
same underlying problem(s). In figure 2 we have shown the same symptom #6 as we
presented in Figure 1 — But now with two closely related symptoms represented as
well.
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Fig. 2. A cognitive map of symptom #6 and the relationships to symptom #15 and symptom
#21. Furthermore, two business-oriented effects of the whole is shown to the left

Thus, Figure 2 shows that symptom #15 "Documentation is not being updated con-
stantly and continuously” and symptom #21 ”People are often delayed by things that
are popping up / not planned for” are closely related to symptom #6.

Another thing we identified was that there were problems at different levels. We
have mapped things at the most concrete level — the problem instantiations. However,
there is also an effect of the whole map or network of problems. For example, the two
effects — not doing the right things and not doing things right — together will cause the
business as a whole to be bad. And the four problems that together are causing the
three symptoms in Figure 2 will altogether form a not so good foundation for work. In
Figure 2 we have mapped these effects related to the ‘whole” map in orange to the left
of the cognitive map.

Let us take another example. Let us look at symptom #15. See Figure 3.
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Fig. 3. Example of a cognitive map — here of symptom #15. And how it is related to symptom
#6 and symptom #24.

For the 15" symptom; “Documentation is not being updated constantly and contin-
uously”, in Figure 3, we find again that the symptom leads to rework - but starting
from different underlying problems. And again looking at the meta-level or the
‘whole’ we can conclude that the overall effect is that it will lead to bad business and
that the level causing the symptom(s) as a whole will make it nearly impossible to
maintain the product.
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Fig. 4. An example of a cognitive map — here: Symptom #8



Another interesting observation in Figure 3 is that a problem can cause another
problem directly or through another — more indirectly so to say. An example “We
have very tight schedules”. That can lead directly to the symptom #15 but it can also
lead to “We don’t have time for documentation” that then again can lead to symptom
#15 “Documentation is not being updated constantly and continuously”.

In the next example shown in Figure 4 it is even more obvious that the higher-level
problems can be the same as some of the lower-level underlying problems.

Furthermore, for symptom #8 there is again a relationship to two other symptoms,
namely #9 “We have no access to the user / customer during the project”, and to #11
“It is hard to get firm decisions when things change”. Finally, the "whole’ of Figure 4
will lead to reduced employee motivation

Let us now take a closer look at Symptom #9. See Figure 5

High employee . Problem
L Unhappy users Higher cost
‘ Y i Effect
Reduced Insutficient Rework caused
employee . by lack of .
motivation [P L) Knowledge Resulting
A P
! Problem
13
Unfortunately we 9- We have no 8- We do not know
don't find the accesstotheuser/ who and how many Problem as
defects until the customer during that have a say in the S t
product is with the the project project and ‘h‘? ymptiom
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> A
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responsibility T Surprises during s
5 conditions Loy causing
requirements ®
* 4 sym ptOm
No clearly No techniques Inadequate Underlyl ng
defined roles for gathering validation of
and market product with P ro b Ie m
reponsibilities information customer

Fig. 5. An example of a cognitive map — here: Symptom #9

When one compares Figure 4 and Figure 5, we find that the layers above the symp-
toms are nearly the same for Symptom #8 and Symptom #9. Whereas the layers be-
low are quite different for the two symptoms.

So to conclude this mapping section of the paper we have found that it was very
useful to use cognitive maps to obtain an overview of the symptoms and the relation-
ships either directly or through other symptoms.

6 Evaluation

An important part of using DSR as the research method is that you have to evaluate
the design [18]. Typically, you start by having one or more formative evaluations
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where the result is used to ‘form’ the artefact. And you at the end are having a sum-
mative evaluation that ‘sums up’ or conclude your research. In the beginning the first
formative evaluations may be in artificial settings but later you aim at having the real
users in the real context with the real problem — real, real, real — a so-called natural-
istic evaluation [18].

We have used a framework for evaluation called FEDS by John Venable et al. [18]
to plan and carry out our evaluation. For our first formative evaluation we developed
a tool that we made available on a website. The tool presents a person in an organiza-
tion for each of the 32 symptoms to “score” it, seen for the persons perspective.

Assertions / Statement: Totally | Partly | Neither | Partly | Totally
Nr " agree | agree nor disagree | disagree

In control

9 |We have no access to the user / customer during the project

Fig. 5. An example of “scoring” a symptom — here of symptom #9

We asked 9 persons from different companies to “score” all 32 symptoms and give
their opinion about how easy it was to understand the symptom statements.

After having evaluated the website with 9 users we analysed the outcome and
changed some of our statements and the build-in relationship between problems. The
tool was updated, so a mail with the recommendations automatically was returned,
when the “scoring” was finished. The website was then again tested also with 9 users.
This time the focus was to analyse the algorithm in the tool to strengthen the recom-
mendations. And again, this led to changes in and some small changes in the formula-
tions of the statements.

Finally as our summative evaluation we decided to evaluate the web-site tool up
against a classic CMMI [2] assessment of maturity. The two assessors fill out the
questionnaire separately after a performed CMMI assessment to check if they had the
same answer on the questions.

Same score 48%
1 next to (25% disagree) 37%
2 next to (50% disagree) 16%
3 next to (75% disagree) 0%
4 next to (100% disagree) 0%

Table 1: Differences in the score of one assessed company

During the exercise and following discussions and analysis, it became clear, that it
is not possible to derive a maturity level for an organisation from the symptoms alone
— but only pinpoint the main weaknesses important to address.

We started to identify which overall problem related capabilities the symptoms ad-
dressed in an organization showing the ability to run projects successfully and ended
up with ten important themes: (1) Project management; (2) Control across the organi-
zation; (3) Proactive management; (4) Clear goals for the projects; (5) Capable devel-
opment organisation; (6) Quality of results and products; (7) Control of work products
and product parts; (8) Management insight and involvement; (9) Tools and support;



11

(10) Continuous improvement and learning. The algorithm was adjusted to calculate a
score for the 10 themes as basis for recommendations: What is most important to
focus on and to improve.

There is obvious links between the ten defined main themes related to the overall
ability to successfully run projects and the processes. This link can be used to pinpoint
the recommendations, but not the maturity level. The reason is, that the themes each
are based on several processes. But it seems to be clear which themes are aggregated
from which symptoms. This exercise was used to strengthen the questions.

Figure 6 shows the scoring of the themes presented in one of the company trials. In
the left column you can see that “Control of work products and product parts” and
“Project management” are scoring highest meaning that the example company have
good control these two themes. Likewise, “Continuous improvement and learning”
and “Management insight and involvement” are the two lowest scoring themes mean-
ing that this is where the example company has to focus and improve.

Rank Score Ability to run projects successfully No.
43% Project management

22% Control across the organization
31% Proactive management

28% Clear goals for the projects

30% Capable development organisation
33% Quality of results and products

= W 0 o~ OODN

47% Control of work products and product parts
10 14% Management insight and involvement

7 25% Tools and support

9 21% Continuous improvement and learning

O 00 N O G b WN =

-
o

Fig. 6. Example of a result scoring the symptoms for an organization

We also started to discuss a mapping between the lowest levels of problems and
the specific practices in the CMMI model. We will continue this work, because we
believe we can find connection between the 10 themes and specific practices at the
processes in CMMI. We also believe this work will strengthen the symptom-based
model, e.g. if we find some practices in CMMI not addressed at the lowest level of
problems — then an important symptom may be missing.

7 Findings and discussion

We have two set of findings to report. First, we validate the use of cognitive maps.
Based on the links from symptoms to problems below and above we validated, that
some symptoms where related — because the symptoms linked to the same prob-
lems/causes. It proved to us that the development of cognitive maps gave an insight in
how symptoms are related seen from a problem/cause point of view. We even identi-
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fied clusters of problems, which made good sense — and gained the understanding of
the symptoms.

E.g. looking at symptom #6 in Fig 1, it is strongly related to symptom #15, as both
symptoms share many problems and causes. Symptom #21 is seen to be slightly
weaker coupled. As a sanity check we formulated the relationship between problems,
causes and symptoms as:

“If you do not have a good foundation for work (the problem level just below the
symptoms) then it is very difficult to keep the documentation up to date. And if you do
not have an updated documentation, it is difficult to correct something that has been
delivered. If maintenance is difficult, it typically generates ad hoc rework, which dis-
turb people.”

If we take another example. In Fig 3, symptom #8 strongly links to both symptom

#9 and #1 1at the upper problem level. Sanity check: Does it make sense to explain the
relationship?
“If we do not know “who decides what” in the project, it is difficult to make clear
decisions and will typically also include a lack of access to users or during the project
(since we do not know who decides). All three symptoms lead to lack of motivation,
initiated by frustration, failure to fulfill quality and a lot of rework. *

We find the cognitive maps helps a lot to clarify and structure explanations of the
main reasons for main problems. They also help to qualify and strengthen the symp-
toms, as well as the model. We believe, that over time the working with the model
will identify “weak” symptoms, which then will be updated.

The second finding came out of our summative evaluation up against an organisa-
tion where two of the authors had performed a CMMI assessment. Here it was clear,
that it is not possible from symptoms to derive a maturity level for an organisation —
but only pinpoint the main weaknesses important to address. But we find there is a
link between the 10 themes and the processes in CMMI. We will continue that re-
search.

As a whole our approach of looking at symptoms are somewhat similar to the
SPINACH method [19] developed by Information Promotion Agency in Japan. It has
a checklist with about 150 potential symptoms that could trigger further analysis to
produce affinity diagram of causal system.

We also tried to ‘switch over’ a map to the opposite following Venable [14]. In
figure 7 we have switched around the map that was shown in figure 5.



13

"wl’ EhElcyes Happy users Lower cost Effect
urnover
Iy 4 Iy
Increased ; No rework .
embioyee Employees are Sufficient huseabylack Result of solution
Ry not frustrated product quality
motivation of knowledge
* 4 «
9-We have access .
to the user / Symptom showing
customer during .
T prolact solution
pt *
Iy
Clearly defined Wellknown No surprises Resulting solution
responsibility market during hand- g
for user conditions b causing symptom
requirements * A
*
Clearly defined fecnigues Adequate Underlwng
roles and beingused for validation of Solution (idea)

gathering product with
market customer
information

responsibilities

Fig. 7. An example of a design solution map — here: Symptom #9 from Fig. 5 has been
switched around

In figure 7 we can then see that instead of having root causes at the bottom we
have potential core solutions such as ‘clearly defined roles and responsibilities’,
‘techniques being used for gathering market information’ and ‘adequate validation of
product with customer’. Interestingly enough these core design solutions are very
similar to practices in CMMI [2] like respectively Project Planning Specific Practice
2.4 Plan the Projects Resources, Requirement Development Specific Practice 1.2
Elicit Needs and Validation Specific Practice 2.1 Perform Validation. So, there is a
clear connection to CMMI at practice level.

8 Conclusion

We have answered our research question; how can we use a mapping of the sympto-
matic problems, causes and effects, and the relationships identified between them, to
design a tool that can help determine what the most urgent improvement areas are in
your company?

We have presented a sub-set of the 32 cognitive maps we have created, one for
each of the symptoms we started out from. We have shown how both causes, underly-
ing problems and effects can be related and go across the symptoms. We have also
found that a group of problems or effects seen as a ‘whole’ can lead to bad business,
reduced employee motivation or other major meta-level effects for a company.

To evaluate our 32 cognitive maps, we have built a tool where people can “score”
all 32 symptoms and get overall recommendations. We will ask the users about their
experiences with the tool. We will use these data to strengthen the model and the
recommendations.
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Based on our research in this paper we have realized at least two interesting topics
to further research.

The first thing is to use a tool, which enable the possibility to combine all the cog-
nitive maps to one map, with all symptoms and different types of problems and caus-
es. We believe this map bring new knowledge on how the symptoms are related and
how problems and causes are related. It will give new possibilities to improve the
model and strengthen the symptoms foundation in problems and causes. We will con-
tinue this work and write a new paper addressing the findings.

The second thing it to continue the investigation of how the 10 themes are related
to the processes in CMMI. We can see that the lowest level of problems in the cogni-
tive maps for each symptom has a relationship with the specific practices in CMMI
processes. For example, in Fig. 3 the underlying problem “No overall resource plan-
ning” is the caused by not performing the process Project Planning Specific Practice
2.4 Plan the project’s resources. We will map these relationships and see how the
themes and symptoms are related to CMMI and use that knowledge to see if some
CMMI practices are missed, which could indicate a missed problem, cause og symp-
tom. With these relationships in place, we can guide a distressed manager towards the
specific practices where improvements are highly likely to be the most beneficial.
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