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a b s t r a c t
Context: The key for effective problem prevention is detecting the causes of a problem that has occurred.
Root cause analysis (RCA) is a structured investigation of the problem to identify which underlying causes
need to be ﬁxed. The RCA method consists of three steps: target problem detection, root cause detection,
and corrective action innovation. Its results can help with process improvement.
Objective: This paper presents a lightweight RCA method, named the ARCA method, and its empirical
evaluation. In the ARCA method, the target problem detection is based on a focus group meeting. This
is in contrast to prior RCA methods, where the target problem detection is based on problem sampling,
requiring heavy startup investments.
Method: The ARCA method was created with the framework of design science. We evaluated it through
ﬁeld studies at four medium-sized software companies using interviews and query forms to collect feedback from the case attendees. A total of ﬁve key representatives of the companies were interviewed, and
30 case participants answered the query forms. The output of the ARCA method was also evaluated by the
case attendees, i.e., a total 757 target problem causes and 124 related corrective actions.
Results: The case attendees considered the ARCA method useful and easy to use, which indicates that it is
beneﬁcial for process improvement and problem prevention. In each case, 24–77 target problem root
causes were processed and 13–40 corrective actions were developed. The effort of applying the method
was 89 man-hours, on average.
Conclusion: The ARCA method required an acceptable level of effort and resulted in numerous high-quality corrective actions. In contrast to the current company practices, the method is an efﬁcient method to
detect new process improvement opportunities and develop new process improvement ideas. Additionally, it is easy to use.
Ó 2011 Elsevier B.V. All rights reserved.

1. Introduction
Analyzing problem causes is considered in various software
process improvement models, e.g., CMMI, ISO/IEC 12207, and Six
Sigma [1]. The key for effective problem prevention is to know
why the problem occurs [2]. We believe this is mainly because
the reoccurrence of the problem can be prevented only through
the elimination of its causes. Root cause analysis (RCA) is a structured investigation of a problem to identify which underlying
causes need to be ﬁxed [3]. It can help with process improvement
and problem prevention in various contexts [1,4–12] and across all
software organizations, including product development, hardware
design, product engineering, and manufacturing [6].
Most of the reported industrial cases in software engineering
root cause analysis [5,8,13–15] have aimed to lower defect rates
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by preventing the causes of the most typical types of the defects.
The results are promising: a 50% decrease in defect rates [15], a
53% savings in costs and a 24% increase in productivity [13] has
been indicated. However, the high number of particular types of
software defects is not the only target problem that should be analyzed; e.g., negative project experiences [4], delayed product releases, and challenging product installations are all industrially
relevant and severe problems but have only been exiguously explored using RCA.
There are many RCA methods [1–6,8,11,13,15–21], but no studies have included extensive analyses of the participants’ feedback
on the RCA method, and only a few studies have discussed the effort required to apply the method. Grady [8] indicates that 7 h of
team work is the minimum cost of executing a non-recurring
RCA method, whereas Mayes [6] indicates that the costs of the
RCA method in large organizations consist of 8–10 action team
members using 10% of their time for action team duties and 4–7
developers participating in kickoff and causal analysis meetings,
each lasting 2 h. Card [15] indicates that the costs of the RCA
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method range from 0.5% to 1.5% of the software budget, which
additionally requires a startup investment to fund the supportive
infrastructure, i.e. defect classiﬁcation scheme deﬁnitions, procedure setup, establishment of data collection mechanisms, and
personnel training. Unfortunately, the prior RCA studies are too
general to assess and compare the required startup and execution
efforts in concrete man-hours. Additionally, most of the industrial
RCA studies [5,6,8,13–15] were conducted at large software
companies operating with mature development processes and
products. The optimal RCA method for small- to medium-sized
companies operating closer to a style of agile software development is likely to be different from the RCA methods presented in
the prior studies.
This paper presents a lightweight RCA method and its empirical
evaluation. For our research purposes, we developed an RCA method, referred to as the ARCA method, and evaluated it. This was done
using a framework similar to that of design science [22,23], presented in Fig. 1. The environment of the research was the context
of applying root cause analysis methods in software engineering.
The business need was to develop a lightweight RCA method feasible
for problem prevention at medium-sized software companies. The
knowledge base of the method design was established by a literature
review of root cause analysis (see Sections 2 and 3). The assessment
of the design (see Sections 5 and 6) was performed through industrial ﬁeld studies (see Section 4) by piloting the ARCA method in target problems of four medium-sized software product companies.
The research goal is as follows: To develop a lightweight RCA
method for medium-sized software companies and evaluate it in
industrial cases.
The ARCA method consists of four steps, i.e., target problem
detection, root cause detection, corrective action innovation, and
documentation of the results. Unlike the prior RCA methods applied in the software industry [5,6,8,13–15], the ARCA method does
not require problem reports, e.g., software defect reports, in the
target problem detection step. Instead, our method utilizes a focus
group meeting to detect the target problem. This difference makes
the ARCA method lightweight. It does not require heavy startup
investment and, simultaneously, it is highly adaptable for various
target problems.
We collected feedback from the case attendees to evaluate the
easiness and usefulness of the ARCA method. Additionally, we
measured the required effort and the output of the method, i.e.,
757 target problem causes and their 124 related corrective actions.
Even though implementing and monitoring the corrective actions
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is an important part of problem prevention programs [16], we excluded it from this research. It would have been practically impossible to separate the effects of the ARCA method from the
company-speciﬁc context factors.
Evaluation of the method was conducted by answering the following research questions:
RQ1: Is the ARCA method efﬁcient? ‘‘Efﬁciency’’ refers to the
interrelationship between the advantages of the method output
and the required effort. The output of the ARCA method is a set
of corrective actions for the related root causes. ‘‘Quality of corrective actions’’ refers to their feasibility for and impact on the target
problem.
RQ2: Is the ARCA method easy to use? ‘‘Ease of use’’ refers to the
ease of conducting the steps of the ARCA method: target problem
detection, root cause detection, corrective action innovation, and
documentation of the results.
The rest of the paper is structured as follows. Section 2 discusses the theoretical background of root cause analysis. Section
3 introduces the ARCA method and its development. Section 4 presents the ﬁeld study methodology used in the empirical part of this
study. Section 5 shows the results of the ﬁeld studies, and Section 6
answers the research questions and discusses the most interesting
ﬁndings and threats to their validity. Section 7 states the conclusions and proposes future work on the topic.
2. Theoretical background
In this section, we introduce the framework of RCA methods.
We ﬁrst present deﬁnitions of root cause analysis in Section 2.1
and characterize what we mean by the word target problem in Section 2.2. Thereafter, in Section 2.3, we summarize the common
steps of RCA methods and their related work practices.
2.1. Deﬁnitions of RCA
Usually, the idea behind RCA is to decrease the likelihood of a
problem’s reoccurrence [2,13,15,18], but, depending on the utilization context, RCA targets vary. For example, RCA is used to detect
the causes of negative and positive project experiences [4] and to
distill textual raw data, which is useful for requirement collection
and knowledge elicitation [20].
There is no unique and commonly accepted deﬁnition for RCA
[3,16] or for a root cause. Several authors introduce RCA as a cause

IS Research

Relevance

Develop / Build
Theories
Artifacts
Business
Needs

Assess

Refine

Applicable
Knowledge

Justify / Evaluate
Analytical
Case Study
Experimental
Field Study
Simulation

Application in the Appropriate Environment

Knowledge Base

Rigor

Foundations
Theories
Frameworks
Instruments
Constructs
Models
Methods
Installations
Methodologies
Data Analysis
Techniques
Formalism
Measures
Validation Criteria

Additions to the Knowledge Base

Fig. 1. Framework of design science in information systems research [22].

T.O.A. Lehtinen et al. / Information and Software Technology 53 (2011) 1045–1061

detection method only [2–4,13,17], whereas some authors present
RCA as a problem prevention method that includes causal analysis
and the development of corrective actions [11,15,16,18].
Some authors deﬁne a root cause as the deepest cause at the
end of the causal structure [16,17], whereas others deﬁne it as
any underlying cause of a target problem [2]. However, most of
the authors recognize a root cause as a cause that management
has the power to ﬁx [2,16,17,21]. Logically, the target problem
may have numerous root causes.
In our terminology, RCA is a process of detecting a target problem, collecting and organizing its causes, and recognizing its root
causes. For our purposes, the RCA method for problem prevention
means a method that includes RCA and the development of corrective actions. We deﬁne a root cause as any underlying cause of the
target problem that the management has the ability to ﬁx.
2.2. Target problem characterization
The target problem of RCA is a state of difﬁculty resulting in unwanted situations or events [16]. Additionally, it should be systematic and create severe consequences [1,5,8,11,13,15]. We believe
that there is a wide variety of systematic target problems in software engineering, e.g., a defect, a high number of software defects,
an overrun project budget, a late product release, a challenging
product installation, lack of software testing, etc. Logically, the
events and problems of a software company are interconnected
with a cause and effect relationship. We describe this relationship
as the interconnectivity of a problem.
It is claimed that every problem has a solution space that can be
characterized in its complexity and cross-functionality [24]. The
solution space of a problem corresponds to the number of solutions
that the problem may permit [24]. The complexity of a problem
corresponds to the effort required in its solution space to solve it,
and cross-functionality represents the diversity of expertise required by the problem to attain solutions within its solution space
[24]. We believe that the interconnectivity of the target problem
correlates with the complexity and cross-functionality of its solution space.
An example of a target problem with a complex and cross-functional solution space is a late product release. The target problem
may be caused by various difﬁcult causes, e.g., overly optimistic
schedule estimations, a large number of software defects, misunderstood requirements, or other unknown factors. A software defect alone may not be considered a severe situation. However, it
may be caused by some systematic working methods in the development work; e.g., the features require modiﬁcations to a database, but developers omit them in 30% of the cases due to their
busy schedules. As time goes on, the working methods might result
in a large number of software defects in the project, causing delays
to the already busy development schedule and, in the worst case,
causing a delay in the product release. The busy development schedule, in turn, may be caused by various causes, not only because of
the high number of the defects but also because of the overly optimistic project plans driven by misunderstood functional requirements established by the company sales personnel. We see that
solving the target problem requires managing all of its interconnections. Unfortunately, some of the interconnections may not be
controlled or prevented.
2.3. Common steps of RCA methods and related work practices
We found three steps that are common to the RCA methods
introduced in the literature: (1) target problem detection [1–
5,8,11,13,15–21], which deﬁnes the target problem of the RCA
method, (2) root cause detection [1–5,8,11,13,15–21], which detects and organizes the causes of the target problem, and (3) cor-
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rective action innovation [1–3,5,8,11,13,15–19], which develops
corrective actions for the most important root causes. Alternative
work practices have been presented for each of the above steps.
These are presented in Sections 2.3.1–2.3.3.
2.3.1. Target problem detection
A target problem for RCA is detected through problem sampling
[1,3,5,8,13,15,16,19], interviewing [2,3,25], brainstorming [3,16],
and ﬂowcharting [3,16,17]. Usually, there is a meeting where the
target problem is ﬁnally decided upon [15,19].
The usual case of software engineering root cause analysis exploits the Pareto principles to software defects to detect the target
problem [1,5,8,11,13,15,18]. The idea is to sample and classify software defects and, thereafter, to select the class containing the
highest number of defects as the target problem.
Another approach to detect the target problem is using qualitative methods, such as interviewing [3,25] software development
managers to name the main problems of the development work.
The negative side of this approach is that the target problem might
not be as focused as it might be if exploiting Pareto principles to
software defects. The positive side is that this is a quick and easy
way to select an important and severe problem for analysis. Thus,
the large workload of defect classiﬁcation and deeper analyses can
be avoided. For some organizations, there is a great motivation to
use this approach, as there is little possibility of separate resources
for the RCA investigation, while there are more possibilities in a
large company [6,8]. The mad schedule rush of software companies
forces them to progress in new projects rather than focusing on
analyzing the defects of yesterday’s projects [26]. However, in a
large development effort, this approach could cause ‘‘too many’’
target problem causes to be detected, so the magnitude of work
to analyze all the relevant causes would stay high [5,8,13].
2.3.2. Root cause detection
In root cause detection, there are different ways to collect and
organize the target problem causes [25]. The causes are usually
collected from various stakeholders [3,15,19,25] using interviewing [17], questionnaire [16,27], brainstorming, and brainwriting
methods [3,16,27]. The questionnaires and interviews are more
anonymous approaches, in contrast to the brainstorming and
brainwriting approaches, which are performed publicly.
The target problem causes are usually organized into a causeeffect diagram based on their cause and effect relationships using
a ﬁshbone diagram [4,11,16,19,28], a fault tree diagram [16], a causal map [4], a matrix diagram [16], a scatter chart [16], a logic tree
[3], or a causal factor chart [2]. It has been shown that lists, worksheets, and charts may also be used to organize the causes [17].
The root causes are ﬁnally detected by analyzing the collected target problem causes by focusing on the causes that will be prevented [2,15].
2.3.3. Corrective action innovation
Corrective actions are usually developed in a meeting
[5,8,13,15,16], where brainstorming and brainwriting are the recommended work practices [16]. Brainstorming has three major
obstacles that brainwriting can tackle: (1) people cannot speak
simultaneously, (2) there is a fear of negative evaluation from
other group members, and (3) individual contributions are not
identiﬁable [4,16,24]. Additionally, it has been claimed that brainwriting is a feasible practice to address complex problems,
whereas in cross-functional problems (see Section 2.2), brainstorming attains better solutions [24]. These practices can also be
mixed with problem elimination techniques, such as Systematic
Inventive Thinking, the Theory of Inventive Problem Prevention,
or the Six Thinking Hats [16]. However, these techniques are rather
complex, and more creative approaches should be used [16].
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3. Description of the ARCA method
In this section, we present the ARCA method. First, in Section
3.1, we introduce how the method was developed. Thereafter, in
Section 3.2, we present the work phases and practices of the ARCA
method and compare these to the most notable prior RCA methods
by following the common steps of the RCA methods introduced in
Section 2.3.
3.1. Development of the ARCA method
We started the design of the ARCA method by setting down its
requirements. We believe that a beneﬁcial, lightweight RCA method would help software companies to develop high-quality corrective actions with low effort. We think that this goal can be satisﬁed
by fulﬁlling the following requirements:
1. Helps to develop corrective actions that are feasible and effective for solving the target problem.
2. Requires low effort.
3. Is easy to use.
4. Is adaptable for different kinds of target problems.
Thereafter, we performed a literature review. The literature included RCA methods used in the software industry and also in
other contexts. The literature was collected using predeﬁned
search words (‘‘RCA,’’ ‘‘root cause analysis,’’ ‘‘DCA,’’ ‘‘Defect Causal
Analysis,’’ ‘‘defect analysis,’’ ‘‘defect prevention,’’ and ‘‘problem
prevention’’) in Google and Scopus. The review was driven by the
following questions:
1. Are there steps common to all RCA methods?
2. What are the recommended work practices in the different
steps of RCA?

We designed an initial version of the ARCA method based on its
requirements and the literature review. During the method design,
we performed an analytical argumentation on various alternatives
introduced in prior works. The initial ARCA method was piloted
with a student software project. This was very important because
it made it possible to reﬁne the method before the industrial ﬁeld
studies were conducted. For example, we realized that a monitor
and a software tool should be used to visualize and register the
problem causes because of the high number of them. Using Postit notes was unfeasible for this purpose.
3.2. The ARCA method
In this section, we ﬁrst introduce the most notable prior RCA
methods. Thereafter, in Sections 3.2.1–3.2.4, we describe in detail
the work phases and practices of the ARCA method and argue
the design by comparing it to these prior RCA methods. We discuss
these methods because they were presented in enough detail in
the related publications and, like the ARCA method, they follow
the common steps of the RCA methods, as summarized in Table 1.
Rooney and Vanden Heuvel [2] present an RCA method consisting of four work phases: data collection, causal factor charting, root
cause identiﬁcation, and recommendation generation. The method
starts with the data collection, where the team gathers a target
problem’s related data. In the causal factor charting, the team organizes and analyzes the results of the data collection. Causal factor
charting provides a way to structure the data based on its cause
and effect relationships to a sequence diagram, which helps investigators to recognize causal factors that are seen as the most likely
potential causes of the target problem. Thereafter, in the root cause
identiﬁcation, the investigators analyze the causal factors using a
decision diagram, which is an up-front collection of potential problem causes helping to answer questions about why a particular
cause exists. Finally, in the recommendation generation, the

Table 1
Summary of the ARCA and prior RCA methods and their work phases.
RCA method

Rooney and
Vanden
Heuvel [2]

Ammerman
[17]

Target problem detection step

Root cause detection step

Corrective action innovation step

Work phase

Work practices

Work phase

Work practices

Work phase

Work practices

Data collection

Interviewing,
inspections

Causal factor
charting

Sequence diagram

Recommendation
generation

–

Root cause
identiﬁcation
Event and
causal factor
charting
Root cause
determination

Decision diagram
Corrective action
development

Interviewing

Data analysis

Flow chart, logic tree,
meetings

Recommendation
development

Writing individually, meetings

Determining
principal
cause

A ﬁshbone diagram, cause
categories, meetings

Development of
action proposals

Meetings

Preliminary
cause
collection
Causal
analysis
workshop

Anonymous email inquiry, a
directed graph

Root cause
selection

Email inquiry

Brainwriting and
brainstorming in a meeting, a
directed graph

Corrective action
workshop

Brainwriting combined with
skeptical and optimistic
perspectives in a meeting

Problem
deﬁnition and
data collection
Task analysis

Latino and
Latino [3]

Change analysis
Control barrier
analysis
Opportunity
analysis

Card [15]

Defect sampling

ARCA method

Defect
classiﬁcation
Identifying
systematic
errors
Target problem
detection

–

Paper-and-pencil,
walk-through

Sequence diagrams

Interviewing, event and
causal factor charts, lists, and
worksheets

Flow charts
Flow charts
Sequence diagrams,
interviewing, Pareto
analysis
Sampling, meetings

Classiﬁcation scheme,
meetings
Pareto analysis,
meetings
A focus group
meeting
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investigators develop corrective actions for the most important
causal factors.
Ammerman [17] introduces an RCA method (PIC) consisting of
eight work phases: problem deﬁnition and data collection, task
analysis, change analysis, control barrier analysis, event and causal
factor charting, root cause determination, corrective action development, and reporting conclusions. The method starts with deﬁning a target problem, which is followed by collecting the problemrelated data. The task analysis helps the team to understand where
the pitfalls are within the target problem that is under evaluation.
The goal is to ﬁnd out what was assumed to have happened, not
exactly what happened. Instead, the change analysis helps to
understand what actually happened and what was expected to
happen. The activity that was successfully performed is compared
to an activity that was unsuccessfully performed. The focus of the
control barrier analysis is to discover where physical or administrative barriers are needed to prevent the target problem. In the
event and causal factor charting, a ﬂow chart that graphically displays an entire event resulting in the target problem is created. The
work phase of the root cause determination aims to detect the root
causes of the target problem. The team should detect the root
causes in a systematic way and utilize visual tools such as lists,
worksheets, and charts. The goal of the corrective action development is to identify, develop, and evaluate corrective actions required to prevent the target problem’s recurrence or signiﬁcantly
reduce its likelihood. Finally, the team documents all the intermediate results and recommended corrective actions.
Latino and Latino [3] present an RCA method (PROACT) consisting of four work phases: opportunity analysis, data analysis, developing recommendations, and reporting conclusions. In opportunity
analysis, failures are sampled and classiﬁed. Then, Pareto analysis
is used to detect the most likely potential target problems for
RCA. Thereafter, in the data analysis, cause and effect relationships
are detected and structured using a logic tree, which is a combination of a logic diagram and a fault tree. The goal is to detect the root
causes of the target problem by listing and structuring hypothetic
causes and either proving or disproving them with hard data. In
corrective action development, the team ﬁrst decides on an acceptance criterion for recommendations. Thereafter, the team develops recommendations to address the target problem root causes.
Finally, the team documents all the ﬁndings, including the failures,
root causes, and recommendations.
Card [15] presents Defect Causal Analysis (DCA), an RCA method
consisting of six work phases: defect sampling, defect classiﬁcation, identifying systematic errors, principal cause determination,
developing action proposals, and reporting conclusions. In defect
sampling, software defects are sampled to explore those that occur
most frequently and have the most negative impact on the quality
of the software. Thereafter, in the defect classiﬁcation, investigators identify clusters of software defects by classifying the sample.
Then, they use Pareto analysis to identify systematic defects. In
principal cause determination, the root causes of the systematic
defects are detected. If the root cause is not obvious from the defect statement, it should be drawn out using a ﬁshbone diagram.
In the development of action proposals, the corrective actions are
developed for the determined root causes to either detect systematic defects earlier or prevent them. Finally, all the results, including the root causes and corrective actions, are recorded.
3.2.1. Step 1: Target problem detection
This is the ﬁrst step of the ARCA method. After this step, the target problem will have been deﬁned. Rooney and Vanden Heuvel [2]
and Latino and Latino [3] indicate that interviewing is a feasible
practice in detecting the target problem. However, we emphasize
a focus group meeting because it is an excellent approach to identify rapidly what is important to the people [29]. We also believe
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that it requires less effort than interviewing and is easy to conduct.
Flow charting is also shown to be a useful method in problem
detection [17]. However, the intangibility of software engineering
problems makes it difﬁcult to create ﬂow charts to describe how
they evolve.
We believe that problem sampling [3,15,18] is unfeasible for
many target problems. It sounds like a great idea to analyze and
eliminate the causes of the most usual type of problems to lower
the likelihood of their reoccurrence. On the other hand, problem
sampling requires effort and information that is not easily available in practice [30]. For example, our collaboration with industrial
partners suggests that information such as the defect type or defect
module is sporadically reported by the company’s personnel [31],
thus making the defect data too unreliable for RCA. Additionally,
according to [32], it is labor-intensive and probably not worthwhile to link the defects to their causes in large development
efforts, as it may not lead to ideas that can be used to improve
the software engineering mechanisms. Moreover, the problem
sampling can be done only for the problems that are reported
[1,15,19,33], and, in many cases, defect databases do not contain
problems such as requirements faults [33].
In the ARCA method, the ﬁrst step starts with a focus group
meeting where the target problem is deﬁned and the causal analysis workshop participants, who are to collect the target problem
causes and to evaluate root causes, are selected (4–10 participants). The RCA facilitator holds this meeting with company staff,
e.g., the managers who are responsible for product quality. In the
meeting, the following issues should be justiﬁed and documented:
what is the target problem and why exactly is this problem important to prevent? When selecting the causal analysis participants, it
is important to include target problem experts that represent different stakeholders around the target problem. These may include
project managers, developers, testers, software quality assurance
staff, product managers, and process improvement group
members.
3.2.2. Step 2: Root cause detection
This is the second step of the ARCA method. After this step, the
most important root causes will have been detected and evaluated.
We see that both anonymous and public approaches are important
in root cause detection. Anonymity encourages the participants to
address causes that they believe are dangerous to say aloud,
whereas publicity helps to address causes that many participants
value highly. The other RCA methods do not emphasize this. Ammerman [17] emphasizes interviewing only, whereas Latino and Latino [3] and Card [15] emphasize meetings.
Unlike the prior RCA methods, we recommend using a directed
graph [4] to structure the causes based on their cause-and-effect
relationships (see Fig. 2). As the directed graph represents a network of causes, each cause needs to be placed only once in the
cause-effect diagram. The cause-effect diagrams of the prior RCA
methods result in the problem of duplicating the same cause multiple times if the cause simultaneously explains more than one
cause. Card [15] recommends using a ﬁshbone diagram, which he
claims to be a simple technique. However, using the ﬁshbone diagram does not solve the duplicating problem. The problem also occurs when a logic tree is used, which is recommended by Latino
and Latino [3]. Rooney and Vanden Heuvel [2] recommends using
a sequence diagram followed by a decision diagram. Unfortunately,
the sequence diagram also includes the duplicating problem and
the decision diagram includes the challenge of detecting the correct problem causes in advance, as the target problems vary. Additionally, we believe that using two diagrams is more difﬁcult than
using one. Ammerman [17] indicates that structuring the target
problem causes should be done with visual tools such as lists,
worksheets, and charts. However, it is likely that too many target
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Fig. 2. The cause-effect diagram of the ARCA method.

problem causes will be detected to be visualized using these tools
[5]. Additionally, the duplicating problem occurs with lists, worksheets, and charts.
In the ARCA method, the second step consists of two work
phases: preliminary cause collection and a causal analysis workshop. In preliminary cause collection, the RCA facilitator sends
out an email inquiry to the case participants and collects the target
problem causes. The inquiry asks the participants to list at least
ﬁve causes of the target problem. Since the listed causes probably
complement one another, they are organized into a cause-effect
diagram by the RCA facilitator, as presented in Fig. 2. Using a software tool is recommended here.
The second work phase is the causal analysis workshop, which
is prepared by the RCA facilitator. A cause entity (see the colored
causes in Fig. 2) includes a cause and its sub-causes, which together form an entity that is reasonable to process together. By
analyzing the cause-effect diagram, the RCA facilitator selects the
most important cause entities to be processed in the workshop.
It is possible that the entities will overlap since the causes explain
one another. Processing a cause entity containing about 10 causes
can be done adequately in about 40 min. We recommend this as a
suitable size for a cause entity.
The causal analysis workshop is a meeting where new target
problem causes are collected and analyzed. The workshop has a
recommended minimum duration of 40 min per cause entity. At
the beginning of the workshop, the RCA facilitator presents the target problem, the preliminary causes, and the selected cause entities. Thereafter, new causes are collected for each selected cause
entity. The cause entities are processed one at a time. Each cause
can either deepen or widen a cause entity. Collecting the causes
into a cause entity is done in three parts:
1. The participants write new causes down on paper for 5 min (the
cause-effect diagram should be projected onto the wall).
2. Each participant presents the causes he or she has written and
explains where they should be placed in the cause-effect
diagram.

3. The participants brieﬂy discuss the cause entity’s causes, trying
to brainstorm more causes and to recognize whether a cause
has a relationship to other causes.
After all the selected cause entities have been processed, the related cause-effect diagram is analyzed as a whole. The RCA facilitator asks the participants to point out essential causes and to
discuss them. The controllable causes, i.e., the root causes, are
identiﬁed. The other causes are set aside and are not processed
any further.

3.2.3. Step 3: Corrective action innovation
This is the third step of the ARCA method. After this step, the
corrective actions for the most important root causes will have
been developed. In the prior RCA methods, there is very little practical guidance on how to develop corrective actions. Keeping a
meeting where the corrective actions are developed is presented
by Latino and Latino [3] and Card [15], whereas Ammerman presents interviewing techniques to be used [17]. We believe that
keeping the meeting helps to develop commitment to the corrective actions among the participants more than the interviewing
techniques. In the corrective action innovation, we chieﬂy emphasize brainwriting because it provides an efﬁcient way to use all of
the participants simultaneously. However, as we believe that there
are also advantages in brainstorming (see Section 2.3), we recommend it to reﬁne the ﬁndings into the best corrective actions. Latino emphasizes brainstorming in the corrective action innovation
but stresses also that it is important to write down the corrective
actions [3]. Ammerman indicates that it is important to develop
multiple corrective actions and to evaluate and select them to have
alternatives [17]. We found that the commonality between the
elimination techniques presented in the literature [16] is that a
corrective action is analyzed from different perspectives, especially
from optimistic and skeptical perspectives. Therefore, we adopted
the idea of different perspectives to the ARCA method by creating a
paper template for a corrective action that forces the participants
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to brainwrite the corrective actions from both perspectives (see
Appendix E).
In the ARCA method, the third step consists of two work phases:
the root cause selection and the corrective action workshop. The ﬁrst
work phase includes the selection of the root causes. To focus the
available resources as efﬁciently as possible, the RCA facilitator
has to carefully select the root causes for which corrective actions
are to be developed. First, the ﬁnalized cause-effect diagram is sent
to the participants of the causal analysis workshop. The participants
are asked to propose root causes for which corrective actions should
be developed and evaluate them using the following criteria: the level of impact on the target problem and the level of difﬁculty of
developing corrective actions. Then, the RCA facilitator selects 4–6
root causes to be processed using his judgment and analysis of the
root causes proposed by the participants. Finally, the RCA facilitator
documents each of the selected root causes including its sub-causes
into a cause-effect diagram, each for an individual paper.
The second work phase of the step is the corrective action workshop, which is a meeting wherein the corrective actions of the selected root causes are developed, evaluated, and analyzed. The
workshop has a recommended duration of 2 h. First, the RCA facilitator selects 4–6 participants to join the workshop. They have to
be an aggregate of experts who are as competent as possible at
solving the selected root causes. In the workshop, each participant
works, in turn, for 10–15 min with one root cause. They develop
corrective actions by writing them down on paper (see Appendix
E) and rotating them through the participants. The root causes
are rotated until every participant has treated all the root causes.
A participant can also supplement corrective actions developed
by other participants by adjusting, expanding, and commenting
on them. The corrective actions are evaluated to ﬁnd the best corrective actions. The evaluation is conducted similarly to their
development: the root causes, including their corrective actions,
are rotated through the participants. Each participant evaluates
corrective actions of a root cause by giving two attributes to each
(scale of 1–5): impact on the target problem and feasibility. The
last participant evaluating the corrective actions of a root cause
calculates the sum of evaluations of each corrective action. Then,
he presents the corrective action that has the highest value of
the multiplication of the impact and feasibility. This is done for
each processed root cause. The participants are asked to discuss
the corrective action and to reﬁne it. The presenter writes down
the comments and improvement suggestions concerning the action he presented.
3.2.4. Step 4: Documentation of the results
During this ﬁnal step of the ARCA method, the results are compiled into a ﬁnal report, which includes at least the target problem

deﬁnition, the cause-effect diagram, and all of the corrective actions, including their evaluations. This step is also mentioned by
Card [15], Latino and Latino [3], and Ammerman [17]. The best corrective actions should be implemented to make the actual changes
in the way of working. Because gaining currency for a corrective
action can be challenging, the ﬁnal report can be used to justify
the changes required to prevent the target problem. Additionally,
the ﬁnal report can be a valuable source of cause information in future RCA cases.
4. Field study methodology
This section introduces the ﬁeld study methodology [29] used
in the empirical part of this study. Section 4.1 presents how the
data collection and analysis was conducted in the ﬁeld study settings. We introduce the data collection methods used, including
their focus and how the collected data was analyzed. In Section
4.2, we introduce the industrial cases wherein the ﬁeld studies
were conducted.
4.1. Data collection and analysis
Triangulation of the data sources and the data collection methods increases the reliability of the results [34,35]. We used interviews [34], query forms [36], measurements, and observations
[34] to collect empirical evidence from the industrial cases to evaluate the feasibility of the ARCA method. Table 2 summarizes the
data collection methods and their focus in the analyses of this
study. Sections 4.1.1–4.1.3 introduce these instruments in detail
and discuss how they were used.
The data analysis was conducted in two phases. After each case,
we analyzed the collected data to help understand the strengths
and weaknesses of the ARCA method used in the current case. After
all the cases were conducted, we evaluated the method as a whole
by combining all empirical evidence from the industrial cases and
comparing the results among the interviews, query forms, observations, and measurements.
4.1.1. Interviews
The key representatives were company people involved in
steering the cases and had the power to make changes in their
companies. Interviews were held with them before and after a case
to analyze how they experienced the ARCA method in general. The
researchers tested the interview questions with colleagues before
the cases.
Interview 1 (see Appendix A) was a group interview with 2–4
company key representatives. Its goal was to give an overview of
the case context (see Section 4.2). Interview 2 (see Appendix B)

Table 2
Targets of the data collection instruments.
Target

Presented in

Interview 1 Query form 1 Query form 2 Interview 2 Measurement Observation

Case context Case information
x
Section 4.2
Current practices
x
Case participants
Case target problem
x
RQ1
Number of detected causes (Table 5)
Cause correctness
Tables 6 and 7)
Importance of the processed causes
(Tables 6 and 7)
Number of processed causes (Table 5)
Number of corrective actions (Table 5)
Feasibility of the corrective actions (Fig. 3 and Tables 6 and 7)
Impact of the corrective actions (Fig. 3,Tables 6 and 7)
Effort used (Table 4)
Feasibility of the method (Tables 6 and 7)
RQ2
Easiness of the method (Tables 6 and 7)

x
x

x
x

x

x
x

x
x

x
x
x
x
x

x

x
x
x
x

x
x
x
x
x
x
x
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was conducted with the key representatives responsible for steering the case. Its goal was to evaluate the practices and output of the
ARCA method. Before interview 2 was conducted, the ﬁnal report
of the ARCA method (see Section 3.2.4) was ﬁrst examined.
As Yin recommends [34], a similar protocol was used in each
interview and the duration was no longer than 60 min. Each interview was recorded and transcribed by the ﬁrst author. Thereafter,
the answers were cleaned up and entered into an Excel sheet
according to the following coding themes: case context, method
usefulness, method easiness, and output quality. Finally, the particular theme was analyzed between the cases by comparing how the
answers varied.
4.1.2. Query forms
The query forms were used after the causal analysis and corrective action workshops to analyze how the case participants experienced the ARCA method and its output. The query forms included
closed and open-ended questions, as recommended by [36]. The
researchers tested and reviewed the query forms with colleagues
before using them. Additionally, they were tested with students
who piloted the ARCA method before the industrial cases. We
asked the names of the case participants in the query forms because we wanted to analyze how the answers of particular participants varied between the workshops. Unfortunately, it is possible
that this slightly skewed the results, as the participants knew that
the researchers might at least note their names. However, we
stressed that the answers are conﬁdential and emphasized the
importance of giving feedback as straightforwardly as possible.
Query form 1 (see Appendix C) was designed to help in analyzing how the case participants experienced the case target problem
and the work practices of the root cause detection step (see Section
3.2.2). Query form 2 (see Appendix D) was designed to help analyzing how the case participants experienced the importance of the
processed root causes and the work practices of the corrective action innovation step (see Section 3.2.3). We also analyzed whether
the output of the steps of the root cause detection and corrective
action innovation was correct according to the case participants.
Similarly, we analyzed the feasibility and impact of the corrective
actions.
The data from the query forms was entered into an Excel
spreadsheet to make it possible to analyze just one case or all
the cases simultaneously. All the answers from each participant
were divided into separate cells according to the coding themes
presented in Section 4.1.1. For every quantitative question in the
query forms, we calculated the averages and standard deviations
of the answers for each case separately and for all the cases
simultaneously.
4.1.3. Measurements
We measured the effort used and the output of the ARCA method. We kept an accurate record of how many man-hours were used
in the different activities of the method and how many causes were
detected and processed during the cases. We also kept an accurate
record of how many corrective actions were developed and how
the case participants evaluated the feasibility and impact of each
corrective action with respect to the target problem.
The effort used was measured straightforwardly in most of the
activities of the ARCA method, as we were able to video-record
them. However, the effort used in two work phases relied on the
reports of the case participants. Each case participant reported
independently how much effort they used in the preliminary cause
collection (see Section 3.2.2) and in proposing the root causes for
which the corrective actions should be developed (see Section
3.2.3). The required effort for the ARCA method was entered into
an Excel sheet to analyze how many man-hours were actually used

in the different steps of the method and how many people contributed there.
The number of detected and processed target problem causes
during the cases was measured straightforwardly. We divided
the causes according to the steps of the ARCA method. Similarly,
we were able to measure the number of corrective actions. During
the data analysis, the number of target problem causes and the
number of corrective actions were entered into an Excel sheet to
compare the cases.
A paper template (see Appendix E) was used to develop the corrective actions and to evaluate their quality, as presented in Section 3.2.3. The paper template included an evaluation form that
was used by the case participants to evaluate the feasibility and
impact of each corrective action. During the data analysis, we compared the cases by analyzing the corrective actions based on these
evaluations. The evaluation form was not anonymous, as the case
participants were able to see what the others answered. Thus, it
is possible that the evaluations were biased.
4.1.4. Observations
Two researchers participated in each case. One steered the case
together with the key representatives, whereas one focused only
on observing the actions during the video-recorded workshops.
Both researchers wrote notes during the workshops. After each
workshop, the researchers held a feedback session together. The
observation data was used to conﬁrm the results of the interviews
and query forms on the feasibility and easiness of the work phases
of the ARCA method.
4.2. Industrial cases
The ﬁeld studies were conducted at four medium-sized software companies located in Finland. Based on interview 1, Sections
4.2.1–4.2.4 introduce these case companies and the related cases in
detail. The target problem of the ARCA method was chosen by the
key representatives of the case company, who also selected the
case participants. To avoid the possibility that the cases could be
highly different, the key representatives were requested to choose
generally similar target problems, i.e., a complex software engineering problem that causes delays in software projects.
Table 3 summarizes the company cases with the data important for using the ARCA method. In the table, the qualitative data
is based on interview 1, whereas the quantitative data is based on
query form 1. Including the effort the company has expended trying to solve the target problem previously, the table summarizes
how the key representatives characterized the target problems
and how the case participants evaluated it. The impact evaluation
of the target problem is a combination of the query form questions regarding the ‘‘impact of the target problem for the quality
of the product,’’ ‘‘adverse effect of the target problem to my daily
work,’’ ‘‘impact of the target problem for the end users of the
product,’’ ‘‘impact of the target problem for customer relationships,’’ and ‘‘internal impact of the target problem for the
company.’’
The similarities of the cases made them more comparable,
whereas the dissimilarities consolidated the ﬁeld study results in
different case contexts. In each case, the target problem was experienced as highly complex and difﬁcult to prevent. Similarly, in
each case, the impact of the target problem was experienced as relatively high. Instead, the target problem itself and the effort the
company had employed to try to prevent it varied between the
cases and between the opinions of the case attendees. Additionally,
the company size and the current company practices, including the
available resources for software process improvement, varied.
There were also differences in the roles of the case participants.
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Table 3
Summary of the case contexts.

Case company
Target problem

Case 2

Case 3

Case 4

Software company with 450
employees
Blocker type defects are
detected in the product after
release
Mostly developers, N = 9

Software company with 100
employees
New product installation and
updating are challenging tasks

Software company with 110
employees
Issues’ lead time is sometimes
intolerably long

Project managers, testers,
developers, N = 7

Project managers, testers,
developers, sales personnel,
N=6
‘‘Extremely costly and complex’’

Roles of the case
participants

Project managers, quality managers,
developers, sales personnel, N = 9

Target problem
characteristics
Difﬁculty of preventing
the target problema

‘‘Extremely costly and complex’’

Earlier effort
surrounding the
target problema

Impact of the target
problema
a

Case 1
Software company with 100
employees
Fixing and verifying defects delays
project schedules

Average = 5.3

‘‘Not very costly, but very
complex’’
Average = 5.6

‘‘High impact on customer
relationships and complex’’
Average = 5.4

Standard deviation = 1.1
‘‘We have continuously tried to solve
this’’

Standard deviation = 0.8
‘‘During recent months, we have
reacted to this’’

Standard deviation = 1.3
‘‘We haven’t managed this
much’’

Standard deviation = 1.0
‘‘We have discussed how to
improve communication’’

Average = 3.0
Standard deviation = 1.0
Average = 5.8

Average = 4.3
Standard deviation = 1.3
Average = 5.0

Average = 3.4
Standard deviation = 0.5
Average = 5.6

Average = 3.0
Standard deviation = 0.6
Average = 5.9

Standard deviation = 1.1

Standard deviation = 1.3

Standard deviation = 0.9

Standard deviation = 0.9

Average = 5.5

Scale: 1 = very low; 2, 3, 4 = neutral; 5, 6, 7 = very high.

4.2.1. Case 1
The ﬁrst case was conducted at Company 1, a medium-sized
international software product company with approximately 100
employees. The average size of the project organization is about seven people. The main product is a large and complex software system, released twice a year, consisting of a major and a minor
release.
The key representatives assumed that the company uses
approximately 0.9% of its annual budget for software process
improvement, which is managed by a quality assurance (QA) team
consisting of three people. The QA team holds meetings in which
different kinds of problems based on their criticality are selected
and processed. The problems are initially detected by interviewing
different stakeholders, such as project managers and product
owners. The company’s earlier experiences in RCA were fairly
insigniﬁcant.
The target problem of the case was that the product releases are
delayed due to a high number of software defects detected at the
end of the development projects. The company has continuously
tried to prevent the problem during recent years. The key representatives’ common opinion was that the problem is extremely
complex and costly for the company. They claimed that the main
problem causes are that the size of technical blocks in the software
is too large and that employees’ attitudes are not fertile enough to
develop high-quality software at once. Additionally, they assumed
that increasing discipline among the developers and releasing the
software in shorter cycles would help in eliminating the target
problem.

4.2.2. Case 2
The second case was conducted at Company 2, a medium-sized
international software product company with approximately 450
employees. The company releases new software versions regularly
and its products can be characterized as complex and model-based
software.
The key representatives assumed that approximately 1% of the
annual budget of the company is used on software process
improvement, which is divided into different levels of the company. While managers are asked to use 5–10 min daily to think
about how the software process could be improved, the developers
and requirements engineers are involved in process improvement

meetings on a regular basis. Additionally, all detected defects are
prioritized on a daily basis by a group of 15–20 people. The company used RCA earlier by applying a ‘‘ﬁve times why’’ practice in
process improvement meetings.
The target problem of the case was that blocker-type defects are
detected after the product releases, which increases the costs of redevelopment. The company has recently reacted to this problem by
setting a clear goal to lower the number of defects detected by the
customers. The key representatives characterized the target problem as very complex and including many different causes. The
main causes for the target problem were believed to be the fact
that new code is built on the old, low-quality code, too many different methods are used in the development work, and the lack
of different hardware set-ups decreases the coverage of the software testing. They said that the problem could be best eliminated
by refactoring the old code. They also believed that the problem is
not very severe because the customers are currently highly
satisﬁed.

4.2.3. Case 3
The third case was conducted at Company 3, a medium-sized
international software product company with approximately 100
employees. The main product can be characterized as a highly conﬁgurable software service. The product is delivered for the customers through installation projects that occasionally include the
development of new features. New software versions are released
regularly.
The key representatives assumed that the company uses
approximately 3–5% of its annual budget on software process
improvement, which is managed by a quality manager, assisted
by a quality management system. The project teams use weekly
meetings in which positive and negative project experiences are
discussed. The company’s earlier experiences with RCA were fairly
low.
The target problem of the case was that the installation projects
are too challenging to be performed efﬁciently. It often follows that
re-engineering has to be done because of unexpected defects
caused by the complex software conﬁgurations and new development work during the projects. The company has not expended
much effort to manage the target problem earlier. However, the
key representatives stressed that the target problem has a
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73–98 man-hours were required to conduct the cases. The required
hours were mostly dependent on the number of case participants
because both workshop sessions were time-boxed. The effort used
increases with each additional case participant.
Roughly a quarter of the total effort was used in RCA facilitatorspeciﬁc activities, whereas the rest was used in activities that included the case participants (see Table 4). An average of 10 h were
used in step 1 (problem detection), 37 h were used in step 2 (root
cause detection), 25 h were used in step 3 (corrective action innovation), and 12 h were used in step 4 (documentation of the
results).

signiﬁcant impact on their customer relationships and that it is
very complex to prevent. They said that the main cause of the target problem is that the employees have too many different ways in
which to perform a product installation. Additionally, the number
of different stakeholders is too high with respect to the quality of
communication between them. They also indicated that the target
problem could be minimized by creating checklists and simplifying
the installation process.
4.2.4. Case 4
The fourth case was conducted at Company 4, a medium-sized
international software product company with approximately 110
employees. The main product can be characterized as a highly
complex software system. The product is delivered to customers
through complex integration projects where the product is conﬁgured into the software systems of the customers.
The key representatives assumed that the company uses
approximately 3–5% of its annual budget on software process
improvement. The company’s management team is responsible
for writing process guidelines and for improving the software
development process in general. Coding and testing teams are required to improve their daily work through regular process
improvement meetings. The teams work together regularly. The
company’s earlier experiences in RCA were fairly insigniﬁcant.
The target problem of the case was that the lead time of an issue
is occasionally intolerably long, resulting in delays in projects. The
company has not expended much effort to manage the target problem earlier. However, they have tried to improve communication
between the stakeholders of the company. The key representatives
valued the target problem as high because it has a severe ﬁnancial
impact. It follows that the projects are not ﬁnalized on time. They
said that the main causes of the target problem are lack of communication between the stakeholders and the way the company is
dividing resources between the issues. Usually, an issue with fairly
low priority does not get enough resources. They concluded that
preventing the target problem is not an easy task. This would require increasing face-to-face meetings, increasing the number of
inspections, and allocating skilled project managers to be responsible for the issues.

5.2. Output of the method
Table 5 presents the results of the method in the cases. The target problem causes were detected by the preliminary cause collection (52–108 causes) and by the causal analysis workshop (80–137
causes). The effort used was not ﬁxed in the preliminary cause collection, whereas it was ﬁxed in the causal analysis workshop.
It seems that the number of detected causes in the preliminary
cause collection was dependent on the effort used. The correlation
between the effort used and the number of problem causes in the
preliminary cause collection is positive. It is also larger than the
correlation between the number of case participants and the number of problem causes in the preliminary cause collection.
Our results indicate that a decreasing number of case participants detected an increasing number of causes in the causal analysis workshop. The duration of the workshop was ﬁxed and the
correlation between the effort used and the number of problem
causes in the causal analysis workshop is negative.
A total of 2–6 root causes were selected in the cases. Together
with their sub-root causes, the selected root causes formed a set
of root causes that was processed in the corrective action workshop. In each case, 24–77 root causes were processed and 13–40
corrective actions were developed. The processed root causes covered 10–45% of the total number of the detected target problem
causes in each case (average = 25%).
In case 2, the corrective action innovation step differed from
those in the other cases. The corrective actions were developed
by brainstorming each corrective action until a mutual understanding was found between the case participants. Thereafter,
the next corrective action was developed, etc. All the other cases
followed the brainwriting method, as presented in Section 3.2.3.
This modiﬁcation in case 2 (choosing to brainstorm instead of
brainwrite) was done because we wanted to test whether brainstorming or brainwriting would better ﬁt our needs. By comparing
the number of corrective actions between the cases, case 2 was
determined to be less effective than the other cases (see Table 5).
Additionally, the quality of the corrective actions was lowest in
case 2 (see Fig. 3), as their feasibility was relatively low. Based
on our observations, the brainstorming method was less effective
than the brainwriting method because the people were not able

5. Results
In this section, we present the empirical results of the ﬁeld
studies. Section 5.1 presents the effort used of the cases. Section
5.2 presents the output of the ARCA method, and section 5.3 presents the feedback collected from the key representatives and case
participants.
5.1. Effort used
Table 4 presents the effort used and the number of case participants throughout the different steps of the ARCA method. In total,

Table 4
Effort used in the cases (h = hours) and the number of case participants (n) (⁄ = RCA facilitator only).
The step of the ARCA method

Step 1
Step 2

Step 3
Step 4
Total (h)

Problem deﬁnition meetings (startup)
Preliminary cause collection (email inquiry)
Organizing the cause-effect diagram (⁄)
Causal analysis workshop
Smartening up the cause-effect diagram (⁄)
Root cause selection
Corrective action workshop
Final report (⁄)

Case 1

Case 2

Case 3

Case 4

Avg.

Std

h

n

h

n

h

n

h

n

h

n

h

n

17
3
9
21
4
6
23
12

10
7
1
10
1
5
8
1

10
5
10
20
4
6
24
12

5
5
1
10
1
8
11
1

6
3
17
22
4
3
18
12

6
6
2
8
1
6
8
1

6
1
9
14
4
5
16
12

4
4
1
7
1
7
7
1

9.6
3.2
11.3
19.3
4.0
5.2
20.3
12.0

6.3
5.5
1.3
8.8
1.0
6.5
8.5
1.0

5.3
1.5
3.9
3.6
0
1.5
3.9
0

2.6
1.3
0.5
1.5
0
1.3
1.7
0

98

96

90

73

89.3

11.4
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Table 5
Results of the method.
Case 1

Case 2

Case 3

Case 4

Avg.

Std

Step 2

Target problem causes from the preliminary cause collection
Target problem causes from the causal analysis workshop

93
80

108
137

66
105

52
116

80
110

25.4
23.7

Step 3

The number of selected root causes
The number of processed root causes, including sub-root causes
The number of corrective actions

6
41
38

2
24
13

5
77
33

6
42
40

5
46
31

1.9
22.3
12.4

Case 3: 33
corrective actions

Case 2: 13
corrective actions

Case 1: 38
corrective actions

Case 4: 40
corrective actions

Fig. 3. Corrective actions of the cases (scales: 1 = low; 2, 3, 4, 5 = high).

to speak simultaneously. However, case 2 also varied from the
other cases with respect to the homogeneity of the case participants (see Table 3). Thus, perhaps some important viewpoint
was missing in case 2 when developing the corrective actions
resulting in more unfeasible results. We do not know whether this
was caused only by the brainstorming method or the method and
the other case settings simultaneously.
High-quality corrective action is highly feasible and equally
effective. Fig. 3 presents the impact and feasibility of the corrective
actions per case as a scatter chart. In each case, every case participant evaluated the impact and feasibility of each corrective action
to detect the highest-quality corrective actions, as presented in
Section 3.2.3. The evaluations were done using a numerical scale,
comprised of integers between one and ﬁve. We calculated the
averages of the evaluations for each corrective action. The corrective action that had the highest value of the multiplication
between the average impact and the average feasibility was interpreted as the highest-quality corrective action.
It is interesting that the proportion of the high-impact
(avg. P 3) corrective actions was larger than the proportion of
the low-impact (avg. < 3) corrective actions in each case. Instead,
the proportion of the high-feasibility (avg. P 3) corrective actions
was larger than the proportion of the low-feasibility (avg. < 3) corrective actions only in cases 1 and 4. It seems to be easier to develop high-impact corrective actions than to make them feasible.

5.3. Feedback of the case attendees
This section presents the feedback of the case participants and
key representatives. Table 6 summarizes the data from the query
forms after the causal analysis and corrective action workshops.
There, the steps of the root cause detection and the corrective action innovation are presented from three different perspectives.
The ﬁrst perspective is the easiness of the method. The second perspective is the usefulness of the method. The third perspective
emphasizes the quality of the outputs of the ARCA method, including the comparison of the method to the current process improvement practices of the case companies.
The results of the easiness and usefulness of the root cause
detection step are combinations of multiple questions of the query
forms (see Appendices C and D). The easiness of the root cause
detection step is a combination of the factors ‘‘easiness of organizing causes’’ and ‘‘easiness of detecting root causes.’’ The usefulness
of the root cause detection is a combination of the factors ‘‘usefulness of the cause collection’’ and ‘‘usefulness of the method of root
cause detection.’’ The other results were rated with one question.
The case participants experienced the corrective action innovation step as highly easy to use (avg. = 5.9), whereas the step of the
root cause detection was experienced as only slightly easy to use
(avg. = 4.7). The participants experienced that both of these steps
are useful. They also experienced that correct target problem

Table 6
Feedback of the case participants (N = the number of respondents, Avg. = average, Std = standard deviation, scale: 1 = very low; 2, 3, 4 = neutral; 5, 6, 7 = very high).
Case 1

Case 2

N

Avg.

Std

Root cause detection
Easiness
Usefulness
Correctness of detected causes
Openness in communication
Efﬁciency comparison to company practices

9
9
8
9
9

4.3
5.4
6.0
5.9
5.4

0.8
0.4
0.5
0.9
1.2

Corrective action innovation
Easiness
Usefulness
Impact of the CAs
Feasibility of the CAs
Importance of processed causes for target problem
Importance of processed causes for product quality
Openness in communication
Efﬁciency comparison to company practices

7
6
7
7
–
7
6
6

5.7
4.8
5.6
5.3
–
5.4
6.5
6.2

1.0
1.0
0.5
0.5
–
0.5
0.5
1.0

N

Case 3

Case 4

All cases

Avg.

Std

N

Avg.

Std

N

Avg.

Std

N

Avg.

Std

7
8
8
9
8

4.9
5.8
5.8
6.2
5.1

1.2
0.6
0.7
0.7
1.0

6
6
6
6
6

5.1
5.8
6.2
6.7
5.3

1.2
0.5
0.8
0.8
1.2

6
6
6
6
6

4.8
5.3
5.5
6.2
4.8

0.4
1.0
0.8
0.4
1.3

28
29
28
30
29

4.7
5.6
5.9
6.2
5.2

1.0
0.6
0.7
0.8
1.1

10
8
9
10
–
10
9
8

6.0
5.0
5.4
4.4
–
5.6
6.1
6.0

0.8
1.1
0.7
1.1
–
0.8
1.3
0.9

7
7
7
7
7
7
7
7

6.0
5.1
5.9
5.3
5.7
6.3
6.1
6.1

0.6
1.1
0.7
0.8
0.8
0.8
0.9
0.7

6
6
6
6
6
6
6
6

6.0
5.0
5.3
5.7
5.3
5.3
6.3
6.3

0.6
0.6
0.8
0.8
0.8
0.5
1.2
0.5

30
27
29
30
13
30
28
27

5.9
5.0
5.6
5.1
5.5
5.7
6.3
6.1

0.7
0.9
0.7
0.9
0.8
0.8
1.0
0.8
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causes were detected and that fairly feasible corrective actions that
have a high impact on the target problem were developed. The
communication in both steps was experienced as highly explicit.
The impact of the corrective actions was evaluated to be generally
higher than their feasibility. The case participants experienced that
the processed root causes were important for both product quality
and the target problem. Unfortunately, the evaluation of the
importance of the processed root causes for the target problem
was done only in cases 3 and 4. The case participants experienced
the root cause detection step as a more effective method to detect
new process improvement opportunities than their current process
improvement practices (avg. = 5.2). Similarly, the corrective action
innovation step was experienced as a more effective method to develop process improvement ideas (avg. 6.1).
Table 7 summarizes the answers of the key representatives
when they were interviewed after the cases. Our goal was to evaluate how they experienced the easiness and usefulness of the
ARCA method and to include the effort used with respect to the
output of the method under the evaluation.
In general, it seems that the method was experienced as easy to
use. On the other hand, organizing the causes was noted to be challenging (person 3b) and the assistance of the researchers made the
method unnaturally easy to use (person 4). The key representatives’ unanimous opinion was that their companies should adopt
the method and that the results were experienced as beneﬁcial
in contrast to the effort used. Additionally, they were not able to
name any other method that could reach equally advantageous results with lower costs than our RCA method. They experienced that
signiﬁcant root causes were detected with respect to the target
problem, and most of them stressed that, if implemented, the
developed corrective actions would have a high impact in preventing the target problems. As an exception, it was noted that the corrective actions do not prevent the target problem, but they do help
the company to improve their processes (person 2).
6. Discussion
In this section, we answer the research questions and discuss
our ﬁndings and possible threats to the validity of this study. In
Section 6.1, we discuss the easiness and efﬁciency of the ARCA
method in contrast to the current software process improvement

practices of the case companies. In Section 6.2, we discuss the results of prior RCA studies and the feasibility of the ARCA method
in contrast to the prior RCA methods introduced in Section 3.2.
In Section 6.3, we discuss the validity of the conclusions based
on the empirical results of this study.
6.1. Answering our research questions
One of our goals was to evaluate the ARCA method by answering the following research questions: ‘‘Is the ARCA method efﬁcient?’’ and ‘‘Is the ARCA method easy to use?’’ Here, we answer
these questions by discussing how the case attendees evaluated
the usefulness and easiness of the ARCA method and the quality
of its output.
Our results indicate that the effort required to use the ARCA
method in similar case contexts is suitable. In Section 5.1, we
showed that a total of 73–98 man-hours were required to conduct
the cases with 7–11 case attendees. The key representatives experienced that the effort used was suitable in terms of the output of
the method, as presented in Table 7. Furthermore, the case participants experienced the method as useful (see Table 6). Additionally, they experienced that the method is a more efﬁcient
practice to detect new process improvement opportunities and to
develop process improvement ideas than their current company
practices (see Table 6). Respectively, the key representatives were
unable to name any method as efﬁcient as the ARCA method (see
Table 7). This evaluation logically covered the current process
improvement practices of the case companies.
Hundreds of target problem causes were detected in the cases
(see Table 5). The case participants experienced that the detected
causes were correct (see Table 6) and the key representatives experienced that signiﬁcant root causes were detected with respect to
the target problems (see Table 7). These indicate that genuine
and accurate target problem causes were detected. Our observations during the causal analysis workshops support this conclusion. In addition, the case participants experienced that the
communication was highly explicit in the steps of the ARCA method (see Table 6).
Many high-quality corrective actions were developed for the
processed root causes (see Fig. 3). The processed root causes were
experienced as highly important for the target problem and

Table 7
Interviews of the key representatives. (Coding themes: E = method easiness, U = method usefulness, Q = output quality).
Question

Case 1

Case 2

Case 3

Person 1

Person 2

Person 3a

Person 3b

Person 4

How easy and learnable
is the method?

‘‘Easy to use and
internalize.’’ (E)

‘‘Easy to use and
learn’’ (E)

Were the detected root
causes signiﬁcant
with respect to the
target problem?
Do the corrective
actions prevent the
target problem?

‘‘Most of the causes
were signiﬁcant’’ (Q)

‘‘Easy in contrast to required
effort and the output of the
method’’ (E, U, Q)
‘‘As a general rule, yes. We have
already reacted in one of the
causes‘‘ (Q)

‘‘It is fairly easy to use and learn.
Organizing the causes was
challenging’’ (E)
‘‘Yes they were. I already knew
some of those’’ (Q)

‘‘It was easy with the
assistance of the
researchers’’ (E)
‘‘Yes they were. The causes
were mainly issues that
lead the problem’’ (Q)

‘‘I think that the corrective actions
won’t remove the problem
completely, but they do have a
major impact on the problem’s
sub-ﬁelds’’ (Q)
‘‘I think that ‘better practice’ would
mean smaller group size and more
talented experts in the second
workshop’’ (U)

‘‘Yes, the impact would be
enormous’’ (Q)

Would it have been
possible to get the
same results at
lower costs using
some other method?
Should your company
adopt the method?

‘‘Yes, I think they do
because they have a
major impact on the
processed root causes’’
(Q)
‘‘No. We wouldn’t be
able to get this many
relevant corrective
actions’’ (U, Q)

‘‘No, I think that the corrective
actions don’t prevent the
problem, but they do help us to
improve our processes’’ (Q)
‘‘The method didn’t require much
effort. However, there should be
only one workshop session and I
would drop the email inquiry’’ (U)

‘‘Yes, they were.
They matched
well with my
conception’’ (Q)
‘‘Yes they do.
We wouldn’t
even need to
implement them
all’’ (Q)
‘‘I don’t believe
that. I don’t
know any such
method’’ (U)

‘‘Yes, we should. This
works’’ (U)

‘‘Maybe, because this is an easy
method with much potential.
Additionally, the costs are low’’ (E,
U)

‘‘I think we
should adopt
this method’’
(U)

Case 4

‘‘I would gladly try this method
again. Formal prioritization was
nice’’ (U)

‘‘Maybe some other
brainwriting method,
where ideas are developed
in literal form, could work
as well’’ (U)
‘‘We should use this
method, or at least a very
similar one’’ (U)
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product quality (see Table 6), covering an average of 25% of the detected causes (see Table 5). The case participants experienced that
feasible corrective actions that have a high impact on the target
problem were developed (see Fig. 3, Table 6), and the key representatives stressed that the impact of the corrective actions in
preventing the target problem would be high (see Table 7). These
results indicate that important target problem causes were
processed and high-quality corrective actions were developed to
prevent them.
The results in Section 5.3 showed that, in general, the key
representatives and the case participants experienced the ARCA
method also as easy to use (see Tables 6 and 7). However, in each
case, it was challenging to get a clear overview of the cause-effect
diagram due to its enormous size. Therefore, it was also challenging to detect all the different effects to which a given cause was related. It was not a surprise that case participants evaluated the
easiness of the root cause detection step with lower scores
(avg. = 4.7) than the corrective action innovation step (avg. = 5.9).
Maybe it is that organizing hundreds of target problem causes is
more challenging than listing dozens of new ideas. It is likely that
the case participants were also more familiar with the corrective
action development practices, whereas analyzing the target problem causes systematically was something new for them.
In contrast to the prior process improvement practices of the
case companies, we believe that the ARCA method is an efﬁcient
method to detect new software process improvement opportunities and to develop process improvement ideas. Our results additionally indicate that the ARCA method is relatively easy to use
and learn.
6.2. Comparison to prior works
Some of our results follow the prior RCA studies. Grady [8] indicates that 7 h of team work is the minimum cost of conducting a
non-recurring RCA method, whereas Mayes [6] indicates that the
required effort to conduct an RCA method consists of 4–7 developers participating in a kickoff and a causal analysis meeting, each
lasting 2 h, and 8–10 action team members using 10% of their time
for action team duties.
Considering the target problem causes and the impact of the
corrective actions, Card [15] discusses an RCA case where a total
of 100 target problem causes were detected. There, the cause collection was conducted in a meeting to a certain extent similar to
the causal analysis workshop of the ARCA method (see Section
3.2.2) resulting in an average of 110 target problem causes (see Table 5). Card [15] also presents quantitative evidence on the impact
of the corrective actions developed through an RCA method in two
software organizations. He claims that, when the DCA method (see
Table 1) was used to prevent software defects, the impact of the
corrective actions was enormous, resulting in a 50% decrease in
the defect rates [15]. This indicates that focusing the software process improvement effort on the target problem causes probably decreases the likelihood of the target problem reoccurrence and, thus,
slightly supports the evaluations of the case attendees on the impact of the corrective actions developed in our cases.
We noted that organizing the target problem causes is challenging. Other studies have faced similar problems. Usually, too many
target problem causes are detected [5] and, overall, the causal analysis mechanism is qualitative and labor-intensive [8]. We believe it
is important to use such a cause-effect diagram that makes organizing the target problem causes as easy as possible. Using a directed graph is currently a good candidate for this [4].
The prior RCA methods would have been less feasible in the
cases of our ﬁeld studies than the ARCA method. The DCA [15]
and Proact RCA [3] methods are not as adaptable for various target
problems as the ARCA method because they require accurate and
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reliable problem reports available for problem sampling, including
a separate problem classiﬁcation scheme for each target problem
type [15]. Additionally, these RCA methods require heavy startup
investments in problem classiﬁcation scheme deﬁnitions, procedure setup, establishment of data collection mechanisms, and personnel training [15]. Our industrial partners would not have stood
for such startup investments. The required startup effort of the
ARCA method is relatively low, as it includes only the personnel
learning. The RCA method presented by Rooney and Vanden
Heuvel [2] would have required that potential problem causes
are collected before the method can be even conducted. There
obviously is a challenge in detecting the correct target problem
causes in advance, as the target problems vary. Additionally, there
would have been a problem of detecting too many problem causes
[5], making the method highly difﬁcult to use. We believe it is
important to utilize both anonymous and public work practices
when preventing cross-functional and complex target problems
(see Section 2.2). This is not supported in any of the prior RCA
methods. The PIC method [17] relies only on interviewing techniques, whereas the DCA [15] and Proact RCA [3] methods emphasize only meetings. In the prior RCA methods, there is also a
problem of duplicating the same cause multiple times in the
cause-effect diagram. Using a ﬁshbone diagram [15], a logic tree
[3], a list [17], a worksheet [17], or a chart [17] does not support
references between the target problem causes, whereas the directed graph of the ARCA method (see Fig. 2) supports it. Finally, in the
prior RCA methods, there is very little practical guidance on how to
develop corrective actions.
6.3. Evaluation of the research
This section discusses the validity of our empirical results using
a validation scheme presented by [35]. We will present the construct validity in Section 6.3.1, the external validity in Section
6.3.2, and the reliability of the study in Section 6.3.3. It should be
mentioned that there is a fourth aspect of validity, called internal
validity. However, even though it represents an important aspect,
it is of concern only when the causal relations of the measured factors are examined [35]. Thus, this aspect is excluded here.
6.3.1. Construct validity
Construct validity reﬂects the extent to which the studied operational measures really represent what is investigated according to
the research questions [35]. In this study, these are the measurements, query forms, and interviews that were carried out to evaluate the ARCA method.
We believe that high-quality corrective action has a high impact
on the target problem, but, simultaneously, it is highly feasible.
There is a threat to the construct validity regarding the evaluations
of the quality of the corrective actions developed in the cases. The
analyses were based on experiential evaluation of the case attendees only, not on monitoring the target problems afterward. Therefore, we do not know how many of the corrective actions were
actually implemented, nor whether or not they had an impact in
deterring the reoccurrence of the target problems. Generally, it
should be noted that this sort of validity problem is common, as
it is practically impossible to separate the effects of the RCA method from the company-speciﬁc context factors.
As the analyses of the impact and feasibility of the corrective actions are on uncertain ground, similarly is the conclusion on the
suitability of the effort used. It is challenging to estimate whether
the effort used was suitable or excessive, as there was no real evidence on either the costs required to implement the corrective actions or on their impact. As the only source was the opinions of the
case attendees, the analyses of the usefulness of the ARCA method
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(see Table 6) and suitability of the effort used with respect to the
output of the method (see Table 7) are unreliable.
We compared the efﬁciency of the ARCA method to the current
process improvement practices of the case companies, as the case
attendees were asked to evaluate that. Unfortunately, we did not
do such a comparison with the easiness of the ARCA method and,
thus, the related conclusions are based solely on the personal experiences of the case attendees. Additionally, it is highly possible that
some of the case participants were not experienced enough with
the current process improvement practices of the case companies
and, thus, their answers skewed our results. Fortunately, the key
representatives were competent to perform such an evaluation,
which increases the validity of the results. In addition, they performed this evaluation not only in the query forms but also in
interview 2.
6.3.2. External validity
External validity is concerned with whether it is possible to
generalize the ﬁndings of the study and to what extent they can
be generalized [35]. In this study, this means that are our results
also valid in other case contexts.
All of the cases varied and, thus, considered the ARCA method
from different perspectives. Though the cases were conducted at
four different companies, all with different case attendees and target problems, and though the interviews slightly differed between
the cases, the results collectively conﬁrmed the suitability of the
ARCA method for medium-sized software companies where prior
experiences with RCA are relatively insigniﬁcant. We believe that
the results of this study can be generalized for similar case
contexts.
The lack of comparison to prior RCA methods creates a severe
threat to external validity. So far, we cannot conclude whether or
not the ARCA method is truly efﬁcient and easy to use in contrast
to the prior RCA methods, as we were not able to compare its results extensively to those methods. The main cause for this is that
no such prior results are publicly available and our ﬁeld studies did
not cover a case where the case attendees are highly experienced
with prior RCA methods. We did not pilot those methods, either.
We did an analytical argumentation on the selections we made
during the ARCA method design and, when possible, we presented
similar results from the prior works. However, our conclusions
based on these are likely incomprehensive and inaccurate.
6.3.3. Reliability
Reliability is concerned with the extent to which data and analysis are dependent on a speciﬁc researcher [35]. Considering the
reliability of our results, the fact that the researchers steered the
cases with the key representatives (see Section 4.1.4) was both a
strength and a weakness. The strength was that it made the cases
more comparable, as almost everything was done similarly in the
cases. On the other hand, the weakness was that the collected research data was partially bounded by the researchers’ contributions. If the company people had tried to apply the method
based only on the written instructions (see Sections 3.2.1–3.2.4),
the evaluations of the effectiveness and easiness of the method
could have been entirely different. We believe that the experience
of the RCA facilitator has a great impact on the ARCA method output. Additionally, as we were a third party from the case attendees’
point of view, it is possible that they were more or less willing to
contribute in the cases than if the cases had been steered only by
the company personnel. It is also possible that the high motivation
and personal characteristics of the researchers spread to the participants, which had an impact to their motivation and open communication in the cases.
As the total number of the case attendees was only 30, the conclusions based on their feedback are on unreliable ground. Thus,

our results should not be used to seek signiﬁcant correlations between the work phases of the ARCA method and the feedback of
the case attendees. Additionally, the small number of interviewees
and cases likely skewed the interpretation of the results.
7. Conclusions and future work
It is argued that the key for effective problem prevention is to
know why a problem occurs [2]. Unfortunately, in software engineering, there is very little practical knowledge on how the problem causes can be detected and prevented and what that
requires. Our goal was to develop a lightweight RCA method and
evaluate it through industrial ﬁeld studies to introduce how problem causes can be detected and how the related corrective actions
can be developed, as well as how much effort the RCA method requires and how the case attendees experience it.
This paper makes three contributions. First, we developed and
introduced a lightweight RCA method, named the ARCA method.
The ARCA method consists of four steps, i.e., target problem detection, root cause detection, corrective action innovation, and documentation of the results. Unlike the prior RCA methods applied
in the software industry [5,8,13–15], the ARCA method does not require heavy startup investments and problem reports to detect its
target problem. Instead, our method utilizes a focus group meeting
to detect the target problem, making the method simultaneously
highly adaptable for various target problems.
Second, we applied the ARCA method at medium-sized software
product companies. This differs from the prior RCA studies that
have investigated the use of RCA methods in large-company contexts [5,8,13–15] or student experiments [4]. In small and medium-sized software companies, the RCA method needs to be
lightweight, as there is little possibility for separate resources for
the RCA investigation, while there are more possibilities in a large
company [6,8]. We also see that applying RCA to real industrial
problems rather than the ‘‘toy’’ problems that are often used in student experiments consolidates the ARCA method in its true
context.
Third, we provided empirical results of the usefulness, easiness,
and output quality of the ARCA method, including the effort used
in the cases. In prior works, such data is often missing. For example, in [15], the costs of the RCA method are reported only as a percentage of the yearly development budget instead of more
concrete man-hours, as we did. Furthermore, the general satisfaction of the case attendees is not reported in any of the prior studies.
We did that using interviews and query forms.
In contrast to the current process improvement practices of the
case companies, the ARCA method was experienced as efﬁcient.
The effort of applying the method (89 man-hours, on average)
was concluded to be suitable considering the value of the results.
We showed in Sections 5.2 and 5.3 that the developed corrective
actions were evaluated as fairly feasible and effective, having a
high impact on the target problems. The case participants experienced that the steps of the root cause detection and corrective action innovation are both useful, and the key representatives
experienced that it would not have been possible to get the same
results with lower costs using any other method they knew. The
method was generally experienced as easy to use. However, as
an exception, organizing the detected causes was experienced as
challenging due to the high number of detected causes.
We collected 757 target problem causes and 124 related corrective actions using RCA in the cases of this study. Analyzing the similarities between the target problem causes is part of our future
work. The similarities between the developed corrective actions
should be analyzed, as well. These would better help us to understand how the software companies try to prevent their problems
and what types of related root causes exist.
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Finally, to increase the validity of the study, the ARCA method
needs to be used in different types of contexts, e.g. in software
companies with extensive experiences with prior RCA methods.
This also means that software companies should adopt and apply
the ARCA method repeatedly.
Appendix A. Questions asked in interview 1 (group interview)
Part 1
1. How many employees work in your company?
2. How is problem prevention organized in your company?
3. How much effort does your company expend on software
process improvement (SPI)?
4. What are the stakeholders attending to SPI in your
company?
5. How does your company try to avoid quality deviations?
6. How are quality deviations detected in your company?
7. Are quality deviations other than software defects recorded?
8. How does your company react to quality deviations?
9. Are the causes of the quality deviations detected?
10. If so, how it is conducted and how many people are included
in the analysis?
11. And if so, what stakeholders are present (developer, testers,
designers, sales)?
Part 2
1. How much effort do you think your company has used to
prevent the target problem previously?
– How it is done?
2. In an economic sense, how signiﬁcant is the target problem
for your company?
3. How complex is the target problem and how would you
characterize it?
Appendix B. Questions asked in interview 2
Part 3
1. Would it be easier to detect the same causes just by listing
them generally?
2. Were the detected root causes signiﬁcant compared to the
target problem?
3. Were major deﬁciencies detected or were they more minor
problems?
Part 4
1. Would it have been possible to develop similar process
improvement ideas without root cause detection just by
innovating generally in how you could improve your
activities?
2. Would it have been possible to get the same results at a
lower cost using some other practice?
3. In general, do the corrective actions prevent the problem?
4. Are the corrective actions feasible?
5. What is the impact of the corrective actions for other problems in your company?
Part 5
1. How easy and learnable is the RCA method?
2. Compared to the effort used, how would you characterize
the feasibility of the RCA method?
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3. Should your company adopt the RCA method?
4. What are the most relevant challenges in the RCA method
that make it unfeasible for your company?
Appendix C. Questions asked on feedback form 1
1. The target problem
Answer the questions by giving a value [1 = very low; 2, 3,
4 = neutral; 5, 6, 7 = very high] that corresponds to the question
best.
–
–
–
–
–
–
–
–
–

Impact of the target problem for the quality of the product
Adverse effect of the target problem on my daily work
Difﬁculty of preventing the target problem
Effort the company used to try to prevent the target problem earlier
Impact of the target problem for the end users of the
product
Impact of the target problem on customer relationships
Internal impact of the target problem for the company
My experience of the technical causes of the target problem
My knowledge of the impact of the target problem for the
end users of the product

2. The quality of the causes and root causes
Answer the questions by giving a value [1 = very bad; 2, 3,
4 = neutral; 5, 6, 7 = very good] that corresponds to the question
best.
–
–
–
–

–
–
–
–

Usefulness of the cause collection
Usefulness of the method of root cause detection
Easiness of detecting the root causes
Ability of the method to detect new process improvement
opportunities in contrast to the current state of the practices
of your company
Correctness of the detected causes
Correctness of the detected root causes
Easiness of solving the detected root causes
Openness of the communication in this ﬁrst workshop
session

3. Your duty in your company:___________________
4. Select the roles that best describe your responsibility in the
company:
–
–
–
–
–
–

I am a manager
I am a developer
I am a tester
I am a salesman
I am a trader
Something else: ________________________________

5. How would you improve the RCA method?
Appendix D. Questions asked on feedback form 2
1. How much time you used to propose and evaluate the root
causes
to
be
processed
before
this
workshop
session:____________________
2. Were the processed root causes the most important with
respect to the target problem?
(Select one of the following)
– Absolutely YES
– More than YES
– Yes
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Neutral
No
More than NO
Absolutely NO

3. Were the processed root causes the most important with
respect to the quality of the product?
– (Select one of the following)
– Absolutely YES
– More than YES
– Yes
– Neutral
– No
– More than NO
– Absolutely NO

4. Were the processed root causes easy to eliminate?
(Select one of the following)
– Absolutely YES
– More than YES
– Yes
– Neutral
– No
– More than NO
– Absolutely NO
5. The method used to develop the corrective actions
Answer the questions by giving a value [1 = very bad; 2, 3,
4 = neutral; 5, 6, 7 = very good] that corresponds to the question
best.

– Easiness of the corrective action development method
– Feasibility of the corrective action innovation method
– Ability of the method to develop process improvement ideas
in contrast to the current state of the practices of your
company
– Impact of the corrective actions on the target problem
– Feasibility of the corrective actions
– If implemented, the impact of the corrective actions for
your company, in general
– Openness of the communication in this second workshop
session
6. How would you improve the RCA method?
Appendix E. Template for the corrective actions
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