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Preface

On behalf of the SPICE 2015 conference Organizing Committee, we are proud to
present the proceedings of the 15th International Conference on Software Process Im-
provement and Capability dEtermination (SPICE 2015), held in Gothenburg, Sweden,
during June 16–17, 2015.

The SPICE Project was formed in 1993 to support the development of an interna-
tional standard for software process assessment. The work of the project has eventually
led to the finalization of ISO/IEC 15504 – Process Assessment, and its complete pub-
lication represented a climax for the work of the project. The standardization effort
continues, with the publication of the first documents in the new ISO/IEC 330xx family
of standards on process assessment.

As part of its charter to provide ongoing publicity and transition support for the
emerging standard, the project organized a number of SPICE workshops and seminars,
with invited speakers drawn from project participants. These have now evolved to a sus-
taining set of international conferences with broad participation from academia and in-
dustry with a common interest in model-based process improvement. This was the 15th in
the series of conferences organized by the SPICE User Group to increase knowledge and
understanding of the International Standard and of the technique of process assessment.

The conference program featured invited keynote talks, research papers, and indus-
try experience reports on the most relevant topics related to software process assessment
and improvement; a significant focus this year were detailed studies of aspects of pro-
cess implementation, assessment, and improvement, and the expansion in the range and
variety of relevant process models. The technical research papers were selected for pre-
sentation following peer review by members of the Program Committee. In addition, a
number of tutorials were hosted.

SPICE conferences have a long history of attracting attendees from industry and
academia. This confirms that the conference covers topics that are up to date, impor-
tant, and interesting. SPICE 2015 offered a unique forum for industry and academic
professionals to discuss their needs and ideas in the area of process assessment and
improvement and in related aspects of quality management.

On behalf of the SPICE 2015 conference Organizing Committee, we would like
to thank all participants. Firstly all the authors, whose quality work is the essence of
the conference, and the members of the Program Committee, who helped us with their
expertise and diligence in reviewing all of the submissions. As we all know, organizing
a conference requires the effort of many individuals. We wish to thank also all the
members of our Organizing Committee, whose work and commitment were invaluable.

June 2015 Terry Rout
Rory V. O’Connor

Alec Dorling



Organization

General Chair

Alec Dorling Impronova AB, Sweden

Program Chair

Terry Rout Griffith University, Australia

Local Organizing Chair

Alec Dorling Impronova AB, Sweden

Proceedings Chair

Rory V. O’Connor Lero, Dublin City University, Ireland

Program Committee

Béatrix Barafort Luxembourg
Luigi Buglione Italy
Aileen Cater-Steel Australia
Melanie Cheong Australia
Gerhard Chroust Austria
François Coallier Canada
Tony Coletta Italy
Onur Demirors Turkey
Fabrizio Fabbrini Italy
Dennis Goldenson USA
Christiane Gresse von Wangenheim Brazil
Victora Hailey Canada
Linda Ibrahim USA
Jørn Johansen Denmark
Ravindra Joshi India
Ho-Won Jung South Korea
Giuseppe Lami Italy
Marion Lepmets Ireland
Catriona Mackie UK
Antonia Mas Pichaco Spain



VIII Organization

Fergal McCaffery Ireland
Tom McBride Australia
Antanas Mitasiunas Lithuania
Takeshige Miyoshi Japan
Risto Nevalainen Finland
Mark Paulk USA
Saulius Ragaisos Lithuania
Alain Renault Luxembourg
Patricia Rodriguez-Dapena Spain
Clenio Salviano Brazil
Jean-Martin Simon France
Fritz Stallinger Austria
Timo Varkoi Finland
Bharathi Vijayakumar India
Murat Yilmaz Turkey

Local Organizing Committee

Alec Dorling Impronova AB, Sweden
Dr. Maria Dorling Impronova AB, Sweden
Dr. Miroslaw Staron Chalmers | University of Gothenburg, Sweden

Acknowledgments

The conference organizers wish to acknowledge the assistance and support of the SPICE
User Group, SPICE 2015 Program Committee, and reviewers in contributing to a suc-
cessful conference.



Contents

Industrial Frameworks

An Empirical Study on Software Process Improvement in Automotive . . . . . 3
Fabio Falcini and Giuseppe Lami

Safety Critical Software Process Assessment: How MDevSPICE�

Addresses the Challenge of Integrating Compliance and Capability . . . . 13
Paul Clarke, Marion Lepmets, Alec Dorling, and Fergal McCaffery

Software Process Improvement and Roadmapping – A Roadmap for
Implementing IEC 62304 in Organizations Developing and Maintaining
Medical Device Software. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

Peter Rust, Derek Flood, and Fergal McCaffery

Implementation and Assessment

Matching Context Aware Software Testing Design Techniques
to ISO/IEC/IEEE 29119. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

Santiago Matalonga, Felyppe Rodrigues, and Guilherme H. Travassos

The Development and Validation of a Roadmap for Traceability . . . . . . . . . 45
Gilbert Regan, Derek Flood, and Fergal McCaffery

Quantitative Requirements Prioritization from a Pre-development
Perspective. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58

Enrico Johansson, Daniel Bergdahl, Jan Bosch,
and Helena Holmström Olsson

Evaluation of Software Mediated Process Assessments for IT Service
Management. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72

Anup Shrestha, Aileen Cater-Steel, Mark Toleman, and Terry Rout

Process Improvement

Emphasis on Personal Attributes/Skills to Produce ‘Quality’ Assessment
Outputs That Lead to Steady Generation of SPI Effects . . . . . . . . . . . . . . . 87

Takeshige Miyoshi

Proposing an ISO/IEC 15504 Based Process Improvement Method
for the Government Domain. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100

Ebru Gökalp and Onur Demirörs



Evaluating VSEs Viewpoint and Sentiment Towards the ISO/IEC 29110
Standard: A Two Country Grounded Theory Study. . . . . . . . . . . . . . . . . . . 114

Mary-Luz Sanchez-Gordon, Rory V. O’Connor,
and Ricardo Colomo-Palacios

Agile Processes

LAPIS – LOGO Agile Process Improvement System . . . . . . . . . . . . . . . . . 131
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Abstract. This paper presents the results of an empirical study on process im-
provement initiatives linked to management of software developments for the 
automotive industry. In this context the software development is mainly de-
manded to specialized software suppliers that are required by car makers to im-
prove and measure the process quality of their projects by applying process 
models such as Automotive SPICE®. 

The authors, as Automotive SPICE assessors, have directly observed and 
analyzed specific software process improvement opportunities during a signifi-
cant number of assessments performed at several organizations. 

This paper, that focuses specifically on the project management process, is 
the initial step of a wider study. Such a study aims at identifying common 
weaknesses in industrial projects having negative impact according Automotive 
SPICE. The study relies on data taken from several assessments performed 
world-wide and it shows the most occurring weaknesses in terms of the project 
management process base practices – such recurrent weaknesses that are then 
clustered appropriately and analyzed to provide insight in this crucial process. 

Keywords: Software process improvement · Automotive · Automotive 
SPICE® · Project management 

1 Introduction 

Car OEMs (Original Equipment Manufacturer) are now turning their vehicles from 
mechanical devices into elaborated electronically controlled systems.  As a result the 
software (with increased demand in terms of size and complexity) is a crucial car 
component since it is part of embedded systems called Electronic Control Units 
(ECU) that control electronically a large number of the vehicle functions. The number 
of ECUs, both for economic to luxury vehicle models, is remarkably increased during 
the last fifteen/twenty years. 

In general, the software development is demanded to software suppliers  that range 
from small-medium organizations to large and structured ones. It is remarkable to 
notice that small and medium organizations represent currently a significant part of 
the players in this challenging arena. In such a context project management and soft-
ware engineering, initially underestimated sides of the ECU development projects,  
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been founded with the aim to design a special version of the SPICE model (called 
Automotive SPICE) tailored on the needs and peculiarities of the automotive business 
area. The first results of the initiative was to create consensus on commonality of 
approach in order to avoid that suppliers face multiple assessments from multiple 
manufacturers using different models and criteria and consume resources that put 
additional pressure on delivery times. Furthermore, the focus on software capability 
determination by means of software process assessment has determined a common 
trend among the European Car Makers in using Automotive SPICETM as a mean for 
determining a supplier’s qualification mechanism.  

Nowadays Automotive SPICE®, as a de-facto process standard, is used by car 
makers to push software process improvement among their ECU and software suppli-
ers [4], [5]. Many of the car makers are using also this standard to assess supplier 
capabilities and are requiring the achievement of specific rating. Thus it provides both 
a scheme for evaluating the capability of software processes and a path for their im-
provement. In extreme synthesis the four basic pillars of Automotive SPICE® are: 
Process Reference Model (PRM) [2], Process Assessment Model (PAM) [1], Meas-
urement Framework and Assessment Scope: 

1. PRM: it is a model comprising definition of processes in a life-cycle de-
scribed in terms of “process purpose” and “process outcomes”, together 
with an architecture describing the relationships between processes. In 
practice, the PRM contains the set of the descriptions of the processes 
that should be assessed.  

2. PAM: it is a model suitable for the purpose of assessing process capabil-
ity, based on one or more PRMs with a two-dimensional view. In one 
dimension, it describes a set of process entities that relate to the proc-
esses defined in the specific PRM (it is called Process Dimension); in 
the other dimension the PAM describes capabilities that relate to the 
process capability levels and process attributes. 

3. Measurement Framework: The rating of the “capability” starts from 
the lowest level (Level 0) means that not all processes in the scope are 
adequately performed. In Level 1 all important documents are available, 
in Level 2 everything is systematically planned and tracked, in Level 3 
there are uniform guidelines for the complete organization, and in Lev-
els 4 and 5 the processes are statistically measured and optimized. It is 
interesting to highlight that current industrial requirement ranges from 
Level 1 to Level 3. The determination of the capability of a process is 
obtained by means of the rating of process attributes (some process spe-
cific – the Base Practices - and others generic – the Generic Practices). 
The scale of such a rating is composed of four values: N (Not achieved), 
P (Partially achieved), L (Largely achieved), and F (Fully achieved).  

4. Assessment Scope: it is a subset of the processes contained in Automo-
tive SPICE® where each process is associated with a target process  
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capability level. In particular the Hersteller Initiative Software (HIS) 
Scope is a subset of the processes contained in Automotive SPICE®, 
which will be assessed by each manufacturer. In the meantime, the  
HIS Scope of the Automotive SPICE® has been adopted by other indus-
tries as a reference for process improvement initiatives and scope for  
assessments.                                                       

The following picture highlights the HIS scope of Automotive SPICE® in the con-
text of all ISO/IEC IS 15504 and Automotive SPICE® processes. 

In Table 1 the whole Automotive SPICE PRM is presented, the processes in bold 
are those belonging to the HIS assessment scope. 

Table 1. HIS Assessment Scope 

Process Id. Process Name Process Id. Process Name 

ACQ.3 Contract agreement SUP.8 Configuration Management 

ACQ.4 Supplier monitoring  SUP.9 Problem resolution management 

ACQ.11 Technical requirements SUP.10 Change request management 

ACQ.12 Legal and administrative Requirements 
PIM.3 Process improvement 

ACQ.13 Project requirements ENG.1 Requirement elicitation 

ACQ.14 Request for proposals ENG.2 System requirements analysis 

ACQ.15 Supplier qualification ENG.3 System architectural design 

MAN.3 Project management ENG.4 Software requirements analysis 

MAN.5 Risk management ENG.5 Software design 

MAN.6 Measurement ENG.6 Software construction 

SPL.1 Supplier tendering ENG.7 Software integration test 

SPL.2 Product Release ENG.8 Software testing 

SUP.1 Quality Assurance ENG.9 System integration test 

SUP.2 Verification ENG.10 System testing 

SUP.4 Joint Review REU.2 Reuse program management 

SUP.7 Documentation   

 
From Table 1 results that processes in Automotive SPICE® (the ones with marked 

with the letter A on the left) are conveniently grouped and large in number. The ra-
tional behind the HIS scope is to limit the impact on the practitioners by selecting the 
core of the engineering processes and only other few fundamental processes. As a 
matter of fact MAN.3 is the only process in management process group. 

3 The Methodological Approach 

During the last five years the authors, in the capacity of qualified Automotive  
SPICE Principal Assessor (according to the IntACS international assessor certifica-
tion scheme) [6], have performed more than thirty Automotive SPICE assessments  
of several organizations producing software-intensive systems for the automotive 
industry.  
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guidance for the projects under assessment. Assessments also enrich the assessors by 
exposing them to precious “behind-doors” experience of real projects. 

The following step-wise approach has been adopted in this study: 

S.1 the organizations assessed by the authors are classified in terms of prod-
uct domain, organization size (omitted from annex A for confidentiality), loca-
tion, and type of assessment. 

S.2 the assessment results have been analyzed in order to identify those Base 
Practices rated unsatisfactorily (N or L). Such Base Practices have been re-
ported in tabular format. 

S.3 The rationales of Base Practices weaknesses have been investigated and 
clustered, when possible, following homogeneity criteria.  

Confidentiality issues has been considered and carefully addressed. 

4 Empirical Study Evidences and Results 

According to what stated in Section 3. in this paper  the gaps related to the Project 
Management process (MAN.3) are taken into account. The Project Management 
process is a key process for an organization developing software because it addresses 
the “identification, establishment, planning, co-ordination, monitoring and control of 
the activities, tasks, and resources necessary for a project to produce a product 
and/or service, in the context of the project’s requirements and constraints” [1], [7]. 
Consequently, this process allows an all-around view of the activities dealing with 
software development projects (in fact, MAN.3, usually the initial process to be ad-
dressed in a Automotive SPICE assessment, is used by assessors to get the complete 
picture of the project). 

Table 2 reports the Base practices of the Project Management process (MAN.3) 
that have been found not fully achieved in the assessment performed on the Organiza-
tional Unit (OU) belonging to the study sample. The ‘X’ in a cell indicates that the 
rating of the corresponding Base practice has been not “Fully Achieved” or “Largely 
Achieved”. 

The weaknesses indicated in Table 2 have been analyzed in detail, according to the 
step S.3 of the study’s methodological approach, and then the most recurrent one are 
linked to a clustering system built using the common basis of such process weak-
nesses that the authors call Gap Clusters (GC). 

 
The data reported on Table 2 show a concentration of weaknesses for the following 

Base practices: 

MAN.3 BP.3: Determine and maintain estimates for project attributes; 

MAN.3 BP.6: Define and maintain project schedule; 

MAN.3 BP.8: Establish project plan; 

MAN. 3BP.10: Monitor project attributes. 
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Table 2. Best Practices weaknesses for MAN.3 process 

 
OU 

Id. 

MAN.3 Project Management 
BP1 BP2 BP3 BP4 BP5 BP6 BP7 BP8 BP9 BP1

0 

BP1

1 

BP12 

1 P P P P L P L P L P P L 

2 F P P P L P L P L P L L 

3 F F L F F F F F F F F F 

4 F F L F F F F F F L F F 

5 F F L L L F F F L L F F 

6 F F P P F P F F F L F F 

7 F L L L F L F F F P F L 

8 F P P F F P F F F L F F 

9 P P P F F F L P L L P F 

10 F F L F F F F F F L F F 

11 F F L F F P F F F L F F 

12 P P P P L P L P L P P L 

13 F P P P L P L P L P L L 

14 F F L F F F F F F F F F 

15 F F L F F F F F F L F F 

16 F F L L L F F F L L F F 

17 F F P P F P F F F L F F 

18 F L L L F L F F F P F L 

19 MAN.3 not in scope 

20 F F L F L F F F F L L L 

21 F L L L L L F P P L L F 

22 F P P P L P F P P P L L 

23 P P P P L P F P P P L L 
 
The investigation on the rationales of these Base Practices weaknesses on the basis 

of the assessment outcomes in Assessment Reports, determined the following gap 
clusters (GC): 

GC a) Operative scheduling definition and control is informal [MAN,3 
BP.6]. 

GC b) Poor project planning update and dissemination [MAN.3 BP.8]. 

GC c) Lack of estimations [MAN.3 BP.3]. 

GC d) Poor effort management [MAN.3 BP.8, MAN.3 BP.10].  
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In the following, the clusters listed above are discussed: 

The gap clusters a) and b) are mainly due to the adoption of inadequate ap-
proaches, tools and means to support the planning and the monitoring of 
project activities are a substantial source of process issues. In fact such an in-
adequate infrastructural support often leads to a general habit to separate the 
actual project planning and control (performed informally and with few  
evidences) with respect to the documented project planning and control 
(documents and charts are not always used in practice and often are just 
maintained for process compliance reasons or for interfacing the customer). 
Such a habit causes two negative effects: 1) lack of evidences and poor avail-
ability of information about the actual planning (re-planning) and control of 
the project activities and tasks; 2) waste of effort for maintaining formal doc-
ument and charts, not always actually used.  

The cluster c) is primarily due to the fact that an estimation process is not  
explicitly established and made available. In particular, the estimations are 
often made (but not documented) by senior staff on the basis of their expe-
rience only, without any support of estimation methodologies nor historical 
data.  

The cluster d) is mainly due to neglecting the effort (intended as man 
hours/days) as fundamental project attribute to control and predict the project 
performance; focus is often just on addressing timing and cost aspects of the 
projects. 

 
In order to discuss the frequency of the Clusters above, their occurrence in the  

outcomes of the gap analysis/assessments performed on the OU belonging to study 
sample is represented in the Table 3. With reference to the Table in Annex A, the X 
means that, for a specific organization unit (OU) corresponding to a column some 
gaps related to the corresponding Gap Cluster (GC) have been pointed out during the 
gap analysis/assessment.  

Table 3. Clusters occurring in OU assessment/gap analysis results 

G OU 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

a)  X  X X  X X X X   X  X X      X X 

b)  X  X X X X X X    X  X X  X   X X X 

c) X X X X X X X X X    X  X X  X   X X X 

d) X  X X X   X X       X      X X 



 An Empirical Study on Software Process Improvement in Automotive 11 

5 Conclusions and Next Steps 

This paper contains the results of an empirical study aimed at identifying, on the basis 
of a sample of Automotive SPICE assessments, some common weaknesses related  
to the performance of the Project Management process (identified as MAN.3 in the 
Automotive SPICE terminology). 

The study relies on data taken from a sample of 23 assessments performed by the 
authors world-wide, and follows a well defined the methodological approach.  

The analysis of the most occurring weaknesses in terms of Base Practices rating al-
lowed the identification of clusters of rationales of such weaknesses. The resulting set 
of rationales represent an useful insight (given the fact that related literature is almost 
totally missing) that can be beneficial for whole software process improvement com-
munity, because it can be used as a reference for process improvement efforts.  

The study reported in this paper is to be considered as the starting point of a wider 
study involving, not only the MAN.3 process, but also the other processes belonging 
to the HIS scope of Automotive SPICE. Once the results of the full study will be 
available they may represent the first extensive analysis of improvement drivers for 
the automotive software community. 

One of the objectives of the future deployments of this study is to extend the ap-
proach and the corresponding clustering, by including also additional dimensions such 
as the OUs and of the project types used in the assessments (as for instance the size of 
the OU, the geographical location, the domain of the projects). 
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Annex A 

Table 4. A.1 Synthetic representation of the empirical study sample. 
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Abstract. One of the primary outcomes of a software process assessment is visibil-
ity of the capability of a software process which among other things, informs us of 
the ability of a process to deliver consistent product quality levels. In safety critical 
domains, such as the medical device sector, high product quality – and particularly 
high product safety - is an important consideration. To address this safety concern, 
the medical device sector traditionally employs audits to determine compliance to 
software process standards and guidance. Unlike an audit which results in a 
pass/fail outcome, an assessment provides a process capability profile which identi-
fies areas for improvement and enables a comparison with broader best practice. 
MDevSPICE® integrates the various medical device software standards and guid-
ance within the infrastructure of a SPICE assessment model, thus encompassing 
aspects of compliance and capability. This paper describes some of the key enab-
lers of this integration. 

Keywords: Safety critical software · Medical device software · Software 
process improvement · Software process assessment · MDevSPICE® 

1 Introduction 

Safety critical software is software which if not operating correctly can result in harm 
or even death to humans [1]. It is therefore the case that safety critical software devel-
opment should take additional steps beyond general software development to specifi-
cally address safety considerations. Medical device software is of a safety critical 
nature and regulators have implemented legal requirements (or regulations) which 
must be met prior to placing a device on the market. Whereas general software devel-
opment studies have demonstrated that software developers may be unwilling to em-
brace a strong software process focus [2], such processes are a mandatory requirement 
in the medical device sector. These regulations are typically regional in application, 
with the Food and Drug Administration (FDA) and the European Commission (EC) 
regulating for the US and EU respectively.  

In the case of the EU, medical device regulation is contained in the Medical Device 
Directive (MDD) 93/42/EEC [3], the Active Implantable Medical Device Directive 
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(AIMDD) 90/385/EEC [4], and the In-vitro Diagnostic (IVD) Medical Device Directive 
98/79/EC [5] – with MDD 2007/47/EC [6] amending these earlier directives. In the US, 
the FDA advances medical device regulation through Code of Federal Regulation 
(CFR) Title 21, Chapter I, Subchapter H, Part 820 [7]. In both the EU and the US regu-
lations, provisions are made for classifying medical devices depending on the role of the 
device, ranging from Class I to Class III depending on the extent of the role of the de-
vice in supporting or sustaining human life. Various standards and guidance exists to 
support manufacturers developing medical devices in adhering to the regulations, and 
compliance to these standards will generally enable market access. Primary among these 
standards are ISO 14971 [8], ISO 13485 [9], IEC TR 80002-1 [10], IEC 62304:2006 
[11], IEC TR 80002-3 [12], IEC 62366 [13], IEC 60601-1 [14], IEC 82304 [15]), the 
FDA guidance documents on premarket submission [16], off-the-shelf software use [17] 
and software validation [18]. These standards and guidance documents are presented in 
Figure 1 and in further detail in [19]. 

Despite the existence of regulation, standards and guidance for medical device  
software, the proportion of medical devices being recalled owing to software errors is 
growing. From a base of less than 10% for most of the 1990s, the proportion of medical 
device recalls attributable to software errors hit 24% in 2011 [20] and this trend would 
appear to be set to continue upwards. Although one of the reasons for this growth is 
undoubtedly the increasing use of software in medical devices, other factors such as 
inadequacies in the software development process could have a role to play. To help 
address this undesirably upward trend in the proportion of medical device recalls attri-
butable to software errors, the introduction of a SPICE-based process assessment may 
be of benefit, especially given the significant positive impact that SPICE models have 
had within other safety critical sectors, e.g. Automotive SPICE [21]. 

2 Integrating Medical Device Standards into SPICE 

While there are potentially significant benefits to be derived from the use of SPICE 
based assessment in the medical device sector, the task of integrating the existing 
medical device standards and guidance into the SPICE framework is a challenging 
one. Medical device standards and guidance are rich in detail, varied in origin, and 
sometimes with overlapping content. As a result, a significant burden of effort is re-
quired to integrate these disparate sources into a single, comprehensive framework. 
Furthermore, SPICE frameworks do not typically trace the origin of different process 
requirements – rather, a SPICE assessment is performed against the accumulated best 
practice that is incorporated into the framework. Therefore, the following significant 
challenge emerged during the development of MDevSPICE®: 

 
Challenge: How can the origin of different process requirements 
be carried forward into a SPICE framework such that assess-
ments can also assist manufacturers in addressing their basic 
standards compliance requirements? 
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Fig. 1. Medical Device Standards and Regulation 

2.1 Process Lineage 
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various specific standards and guidance contained within the MDevSPICE® Process 
Assessment Model (PAM). All MDevSPICE® assessments operate upon the  
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software development. Therefore, IEC 62304 requirements form the foundation of  
MDevSPICE® [22]. In fact, an important foundation to this was the publication of 
IEC 80002-3 [12] by the developers of MDevSPICE® as a Process Reference model 
for IEC 62304. IEC 80002-3 was then used as the starting point for the development 
of the MDevSPICE® PAM. Software safety classification (detailed in IEC 62304) is a 
concept similar to medical device classification, with three classes existing and these 
being determined based upon the worst possible consequence in the case of a software 
failure.  

Building on IEC 62304, additional details incorporated from aligned standards and 
guidance documents retain information regarding the source of such details. For ex-
ample, in the case of the Software Architectural Design process, when describing the 
software architecture (which is the first base practice for this process), there is an 
explicit reference to an item of FDA Guidance on the use of off the shelf software, 
specifically addressing the treatment of Software Of Unknown Provenance (SOUP) as 
follows: 

 
FDA on OTS: identify the expected design limitations of the SOUP Software. 

 
There are many further examples of such additions and indications in the  

MDevSPICE® PAM, for instance, in the Software Requirements Analysis process, 
there is an addition to base practice five Verify Software Requirements, as follows: 

 
FDA on Validation: A software requirements traceability analysis should be  
conducted to trace software requirements to (and from) risk analysis results. 

 
While software process adaptation is considered advantageous in a general sense 

[23], it is however a requirement for medical device manufacturers since regulation 
(and corresponding standards and guidance) is subject to change. In this respect, 
MDevSPICE® is of particular benefit to manufactures. Through our work in the Regu-
lated Software Research Centre, the creators of MDevSPICE® will continue to work 
with the international standards organisations to develop and improve standards and 
guidance, with corresponding updates being further applied to the MDevSPICE® 
framework. Thus, manufacturers can continually adopt MDevSPICE® for the purpose 
of staying abreast of standards and guidance evolution. 

2.2 Assessment Questions  

To further aid MDevSPICE® Assessors, a suite of detailed questions has been devel-
oped as a counterpart to the PAM. The detailed questions are directly linked to the 
PAM, with specific questions designed to address aspects of the PAM that have been 
incorporated from sources other than IEC 62304 and which therefore could be impor-
tant within the context of determining approximate standard or guidance compliance. 
It should be noted that it is not the intention to use MDevSPICE® assessments to certi-
fy compliance to individual standards. Instead, MDevSPICE® is used to determine the 
capability of the software development process relative to the accumulated best prac-
tice information available. Having process lineage to individual source standards  
and guidance, and providing a set of corresponding questions does however permit a 
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reasonably accurate approximation to standards compliance and it is possible that in 
the fullness of time and subject to robust validation, MDevSPICE® could concurrently 
address the capability consideration that is central to all SPICE assessments (and 
which enables targeted process improvement and supplier selection) in tandem with 
undertaking a compliance audit (which would enable market access).      

3 Conclusion 

Safety critical software development is often subject to regulation, with that regulation 
being realized through the implementation of associated standards and guidance. The 
aim of regulations is to reduce the risk of harm to humans in so far as is possible. This is 
achieved through the adoption of a robust software development process – with such a 
process effectively increasing product quality and thereby safety. Process assessment 
frameworks such as SPICE have been designed to achieve (among other things) higher 
levels of product quality and have been used to good effect in safety critical domains 
such as the automotive sector. Therefore, MDevSPICE® was developed for the medical 
device sector to deliver a view on process robustness though the capability lens, while 
simultaneously providing an approximation to standards and guidance compliance. 
However, standards compliance and process capability are not necessarily natural bed-
fellows, and the creation of MDevSPICE® has had to incorporate some innovations to 
enable the integration of both concerns. Specifically in this respect, MDevSPICE® re-
tains linkage to the source standards. To further enable the harmonization of compliance 
and capability considerations, the MDevSPICE® PAM has an associated set of questions 
that align with the process components in the PAM. Through the MDevSPICE® process 
question set, MDevSPICE® Assessors can consistently examine both process capability 
and standards alignment in a single engagement, and this, we believe, represents an 
important step forward for medical device software development.  
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Abstract. Organizations engaged in medical device software are required to 
demonstrate compliance with a set of medical device standards and regulations 
before the device can be marketed. One such standard IEC 62304, Medical de-
vice software – Software life cycle processes, is a standard that defines the 
processes that are required to be executed in order to develop safe software. 
Demonstrating compliance with IEC 62304 can be problematic for organiza-
tions that are new to or have limited experience in the domain. The standard de-
fines what processes must be carried out, but does not state how. This paper 
presents a research method for generating a roadmap that will guide organiza-
tions in the implementation of IEC 62304. 

Keywords: Medical device software · Medical device standards · Regulatory 
compliance · Software roadmap · Software process improvement · Software 
process improvement roadmaps · IEC 62304 

1 Introduction 

Developing safe medical device software is critical, especially considering the num-
ber of recalls of medical devices and the number of deaths and serious injuries caused 
by failure of software in medical devices [1][2]. Alemzadeh et al.[2] describe how 
33.3% of Class I (presenting a high risk of severe injury or death to patients)  recalls 
between 2006 and 2011 were software related. 

Authorities around the world, charged with the regulation of medical devices, have 
recognized the importance of standards adoption in the development and manufacture 
of medical devices. ISO 13485 [3], ISO 14971 [4] and IEC 62366 [5] form a suite of 
standards introduced to help improve the development of safe medical devices, in-
cluding software. 

 Software is now also deemed to be a medical device in its own right [6]. IEC 
62304 [7] identifies the processes that need to be carried out but do not say how the 
processes should be carried out. The existing Software Process Improvement (SPI) 
models, such as the Capability Maturity Model® Integration (CMMI®) [8] and 
ISO/IEC 15504-5:2012 (SPICE) [9] are directed to the general software development 
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domain and do not provide sufficient coverage to achieve medical device regulatory 
compliance [10]. MDevSPICE® (formally known as Medi SPICE) has been devel-
oped to fill this gap [10]. MDevSpice® is based on ISO/IEC 15504-5:2012 [9], IEC 
62304:2006 [11] and ISO/IEC 12207:2008 [12] and has being developed in line with 
the requirements of ISO/IEC 15504-2:2003 [13] and contains a Process Reference 
Model (PRM) and Process Assessment Model (PAM).  However, these models only 
identify the gaps in an organizations processes but not how to fill them. The aim of 
this project is to develop a set of tailored “How To” SPI roadmaps for medical device 
companies to both improve their software development practices and assist them to 
achieve regulatory compliance. To meet this aim, this paper describes the creation of 
a roadmap for the implementation of IEC 62304. 

The remainder of this paper is structured in the following manner: Section 2 out-
lines the related work carried out with regard to the use of roadmapping in general, in 
the SPI field and in the medical device standards domain. Section 3 discusses the 
importance of the software development lifecycle within the medical device domain. 
Section 4 describes the research method used in developing roadmaps while section 5 
details the generation of the IEC 62304 roadmap. Section 6 discusses the experience 
of generating the roadmap. Section 7 outlines the future work before the paper is  
concluded in section 8. 

2 Related Work 

The roadmapping process is established and proven in the technology domain and 
continues to be adopted in many other fields of endeavour. Phaal [14] lists over 2000 
public domain roadmaps organized by topic including chemistry, construction, de-
fence, energy, transport and many more. A number of large companies use roadmap-
ping to develop their strategic planning going forward. NASA embraced roadmapping 
in 2005[15] arising out of a number of cost overruns in their development budgets. 

Within the SPI domain, the number of published roadmaps is limited. McFeeley  
et al.,[16] have developed a high level process improvement roadmap and describe 
how their roadmap is intended to provide an organization with a guide to forming and 
carrying out an SPI program.  

Höss et al.,[17] launched a pilot project to acquire skills in implementing IEC 
62304 in a hospital-based environment (in-house manufacture). They concluded that 
the pilot project carried out at their facility clearly demonstrated that the interpretation 
and implementation of IEC 62304 is not feasible without appropriately qualified staff. 
They recognized that it could be carried out by a small team with limited resources 
although the initial effort is significant and a learning curve must be overcome.  

It can be seen that applying the roadmapping process to IEC 62304 and generating 
a roadmap that will aid medical device software development organizations in the 
implementation of IEC 62304 is a necessary and justified step. 

Flood et al. [18][19] have already applied the roadmapping process to ISO 14971  
and IEC 62366  and these roadmaps have been validated with industry experts. A 
roadmap has also been developed for traceability in the medical device domain leav-
ing the development of an IEC 62304 roadmap as the last piece of the puzzle. 
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3 Software Development Lifecycle in the Medical  
Device Domain 

Safe medical device software requires risk management, quality management and 
good software engineering [20]. IEC 62304 does not prescribe a specific lifecycle 
model, but rather the standard provides a framework of life cycle processes with ac-
tivities and tasks that are necessary for the safe design and maintenance of medical 
device software. IEC 62304 is not a standalone standard and the manufacturer of  
a medical device is responsible for ensuring compliance with the other relevant  
standards. Irrespective of the lifecycle model chosen, the processes defined in the 
standard must form part of the model and be implemented during the development of 
the medical device software. One method organizations have of doing this is through 
mapping the standard to their particular life cycle model. The IEC 62304 implementa-
tion roadmap will remove this step in the software development process as the  
requirements of IEC 62304 are already mapped to the defined processes, identified as 
Activities and any gaps that exist in the organizations processes will be detected.  

4 Research Method 

The aim of the paper is to describe the roadmapping process undertaken to develop an 
SPI roadmap for IEC 62304. The method chosen has already been used successfully 
in developing roadmaps for ISO 13485, ISO 14971 and IEC 62366[18][21]. 

4.1 Overview 

The definition of a Roadmap for the purposes of applying the roadmapping process to 
this and the other standards in the domain is “A series of Milestones, comprised of 
Goals that will guide an organization through the use of specific Activities towards 
compliance with regulatory standards”[18].  

After evaluation of the IEC 62304 standard it was found that the existing terminol-
ogy used in the roadmap definition was inappropriate. The use of milestone, goal and 
activity conflicted with their use in IEC 62304. Therefore the definition of a roadmap 
in this context has been redefined. The definition now reads “A series of Activities, 
comprised of Tasks that will guide an organization through the use of specific “How 
To’s” towards compliance with regulatory standards”. All further references in this 
paper will use this new terminology. 

4.2 Roadmap Development Method 

To generate the roadmap for IEC 62304 the roadmap development method described 
by Flood et al [19] has been applied. This method, described below, has been revised 
in light of the changes to the definition of a roadmap. 
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• Identify requirements of the standard and rephrase them as Tasks;  
• Group the Tasks into logical Activities; 
• Order the Activities into a sequence by which they can be introduced into 

an organization in a rational manner; 
• Validate the generated roadmap;  
• Identify the “How To’s” that can meet the identified Tasks; 
• Validate the “How To’s” in a host organization. 

5 Roadmapping and Roadmaps 

5.1 Roadmap Generation 

In step 1 as described above the standard was decomposed into its elementary re-
quirements and a total of 172 elementary requirements were identified. The require-
ments were then transformed into Tasks by the application of an action verb.  

Taking as an example of the transformation process requirement 5.3.5 which states 
that “the manufacturer shall identify the segregation between software items that is 
essential to risk control, and state how to ensure that the segregation is effective”. 
This was transformed into a Task defined as “Identify the segregation between soft-
ware items that is essential to risk control and state the measures taken that ensure 
the segregation is effective.”   

In step 2 when the transformation of all the requirements was complete, the Tasks 
were analysed for particular keywords that would aid their grouping into logical  
Activities. The above Task was assigned the keyword “Software Detailed Design”.  
A total of five Tasks were grouped according to this keyword and an Activity created 
titled “Software Detailed Design”. This process continued until all Tasks were 
grouped resulting in sixteen Activities. These are detailed in Table 1.  

ISO/IEC TR 24774:2010 Systems and software engineering — Life cycle man-
agement — Guidelines for process description [22] recommends that the number of 
outcomes for a process should fall within the range 3 to 7. Considering this criteria 
and adapting it to arrive at the optimum range that should apply to the number of 
tasks in any given activity, the range between 1 and 7 inclusive was chosen. As can be 
seen from Table 1, some of the Activities have a number of Tasks far in excess of the 
optimum. The Tasks were re-analysed a further three times and a number of them 
reconstituted from their elemental parts. This resulted in 91 Tasks being attributed to 
the same sixteen Activities. This outcome is detailed in Table 2. 

As can be seen from the table, the number of Tasks per activity was still problem-
atic. T-Plan the Fast Start to Technology Roadmapping [23] describes the approach 
for developing technology roadmaps. The approach consists of four structured and 
facilitated workshops that guide an organization through the process of developing a 
technology roadmap. Four workshops titled Market, Product, Technology and Chart-
ing are conducted where the relevant managers from the organization gather together 
to identify the needs of the market, a product that might satisfy that need, the technol-
ogy required to build the product and finally to chart the way forward once a decision 
is made to follow the strategy developed. The charting workshop brings all the  
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Table 1. Number of Tasks per Activity 

Ref Title No of 
Tasks 

Ref Title No of 
Tasks 

1 Prerequisites. 2 9  Software Detailed 
Design Process 

5 

2 Software Development 
Planning Process 

16 10  Software Unit  
Implementation and 
Verification Process 

28 

3 Software  
Documentation. 

25 11 Software Integration 
and Integration  
Testing Process 

7 

4  Software Risk  
Management Process 

13 12 Software System 
Testing Process 

7 

5  Software Requirements 
Analysis Process 

16 13  Software Release 
Process 

4 

6  Software Architectural 
Design Process 

6 14  Software Archive 2 

7  Software Safety  
Classification. 

4 15  Software Problem 
Resolution Process 

18 

8  Software Configuration 
Management Process 

11 16  Software  
Maintenance  
Process 

8 

 
mangers together and a plan is drawn up as to how the strategy will be implemented. 
This is achieved by the use of a wall chart divided into layers and then a series of 
post-its are written up and pinned to the wall chart in the most appropriate layer.  
The managers can immediately visualize the plan as the workshop proceeds and the 
roadmap is produced by the end of the workshop. Due to the similarity of the two 
processes it was decided to try and utilize this workshop method to resolve the issues 
that arose with the generation of the IEC 62304 Roadmap using Step 2 of the original 
roadmap development method.  

5.2 Roadmap Workshop 

In preparation for the workshop each of the 91 Tasks were pre-printed on “post-its”, 
as illustrated in Figure 1. The activity number and title were used as per the Activities 
identified during the initial generation. During the workshop these were not used and 
all Tasks were arranged as per the sections contained within the IEC 62304 standard. 
After each workshop these were updated to reflect the outcomes of the workshop. 

To aid in the identification of individual Tasks, each one was assigned a unique 
Task Ref Number in the range of 1 to 91 and detailed on the post-its. In addition, to 
aid in traceability to the original standard, the IEC ref number and section title of each 
Task was recorded on the post-its. 
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Table 2. Number of Tasks per Activity after Reconstitution of Tasks. 

Ref Title No of 
Tasks 

Ref Title No of 
Tasks 

1 Prerequisites. 2 9  Software Detailed 
Design Process 

5 

2 Software Development 
Planning Process 

3 10  Software Unit  
Implementation and 
Verification Process 

9 

3 Software  
Documentation. 

13 11 Software Integration 
and Integration  
Testing Process 

5 

4  Software Risk  
Management Process 

9 12 Software System 
Testing Process 

2 

5  Software Requirements 
Analysis Process 

5 13  Software Release 
Process 

3 

6  Software Architectural 
Design Process 

6 14  Software Archive. 2 

7  Software Safety  
Classification. 

3 15  Software Problem 
Resolution Process 

11 

8  Software Configuration 
Management Process 

6 16  Software  
Maintenance  
Process 

7 

 

 

Fig. 1. Example of Printed Post-it 

Each activity was assigned a title and then each Task was assigned to an activity. 
The IEC 62304 reference and title from the standard were recorded on the post-it 
along with the Task text as detailed in figure 1. A room was laid out with a table on 
which the post-its were arranged as per the sections of IEC 62304 (see Photograph 1). 
A wall was designated on which the post-it’s would be pinned in their final desig-
nated Activities (see Photograph 2). A number of three hour workshops were then 
conducted where a facilitator and three experts gathered to go through each Task and 
determine to which activity they belonged. 
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Photograph 1: Table laid out with  
arranged post-its 

Photograph 2: Post-its pinned to wall  
under Activities 

The facilitator introduced the aim of the workshop and gave a broad overview  
of the roadmapping process and what the output – the roadmap – might look like.  
A detailed discussion on each Task and which activity it belonged to took place and 
when agreement was arrived at, the new Task was pinned to the wall under the appro-
priate activity. This process continued until all the individual post-it’s were allocated 
to Activities. 

Due to the extent of the standard, three such workshops were used to finally deter-
mine the grouping of the Tasks to their Activities. The number of Tasks now totals 
82, quite a number were combined on the basis of one of the underpinning ideas be-
hind the standard – “if a process is undertaken then document it.” To give an example, 
Tasks 7.1.2 and 7.1.4 were combined as “Identify and document in the risk manage-
ment file  potential causes of the software item identified in the medical device risk 
analysis activity (of ISO 14971) contributing to a hazardous situation.” 

5.3 Ordering the Activities 

Step 3 of the method requires that the Activities be ordered in a manner by which they 
can be introduced to a medical device software development organization. Table 3 
details the Roadmap that was developed during the course of the workshops and com-
pares it to the one prior to the workshops. The Tasks associated with the Activities of 
Software Documentation and Software Archive were redistributed to other Activities 
as an outcome of the workshops. The consensus of the experts at the workshop was 
that as documentation plays a crucial role in the demonstration of compliance that the 
Tasks associated with documentation should be integrated into the performance of the 
Task rather than keeping them as a separate Task. In addition the experts concluded 
that it would be more beneficial to merge the Tasks of Software Archive with Soft-
ware Release to optimise the implementation of the roadmap. 
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The Change Request Process was added as an Activity and covers Tasks from sec-
tion 5, 6, 7 and 8 of the IEC 62304 standard and now includes seven Tasks. These 
Tasks came from a range of other Activities, including Software Maintenance, Soft-
ware Risk Management and Software System Testing. After a lengthy discussion the 
experts agreed that the Change Request Tasks would be implemented together rather 
than in their respective original Activities and therefore should be implemented as an 
Activity in their own right. 

 The Software Risk Management Process with nine, Software Architectural Design 
Process with ten and Software Problem Resolution Process with eight Tasks remain 
with their total number of Tasks above the optimum. However this is unavoidable due 
to the complex and rigorous nature of these Activities. 

Table 3. Final Order of the Activities and the Number of Tasks 

Ref Activity No of Tasks 
prior to 

Workshops 

No of Tasks 
after  

Workshops 
 Software Documentation 13 redistributed 

 Software Archive 2 redistributed 

1 QMS 1 1 

2 RMS 1 1 
3 Software Safety Classification 3 3 
4 Software Development Planning Process 3 5 
5 Software Configuration Management 

Process 
6 4 

6 Software Risk Management Process 9 9 

7 Software Requirements Analysis Process 5 4 
8 Software Architectural Design Process 6 10 

9 Software Detailed Design Process 5 4 
10 Software Unit Implementation and Veri-

fication Process 
9 5 

11 Software Integration and Integration 
Testing Process 

5 6 

12 Software System Testing Process 2 3 

13 Software Release Process 3 6 

14 Software Problem Resolution Process 11 8 
15 Change Request Process n/a 7 
16 Software Maintenance Process 7 6 
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Fig. 2. Metaphor for the Roadmap 

During the final workshop a discussion was held on the ordering of the Activities 
with particular reference as to how the roadmap might be graphically represented. 
Concern was expressed that the tabular representation with the Activities numerically 
identified might give an impression that one process must be complete before the next 
process can be undertaken. In consideration of this and with regard to the form of 
roadmaps that are generated in the technology domain a metaphor for the roadmap 
was generated and is detailed in figure 2. 

The metaphor presented above was designed to highlight the stage at which each of 
the Activities may be applied during the development of a medical device software 
project. It can be seen that a number of the processes above may be ongoing for the 
duration of the software development process.  

During the initial phase of the development of the product, a software safety classi-
fication of C is assigned to the device. During the architectural phase this may be 
revised in light of the risks posed by various components of the system therefore the 
software safety classification is ongoing right through the software architectural de-
sign phase.  

Each of the phases in the software development lifecycle is depicted to overlap as a 
number of Tasks may be performed in parallel. Taking an example of the Software 
Unit Implementation and Verification Process and the Software Detailed Design 
Process, it is feasible that during the second Task of the Software Detailed Design 
Process – “Document a design with enough detail to allow correct implementation of 
each software unit”, the organization may commence the first Task of the Software 
Unit Implementation – “Implement each software unit”. 
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6 Discussion 

One of the reasons the method described in previous works [18][21] used in develop-
ing SPI roadmaps for ISO 13485, ISO 14971 and IEC 62366 achieved a successful 
outcome was due to the limited size and extent of the standards. IEC 62304 covers a 
much broader set of processes and the scalability of the method was not there when 
applied to IEC 62304. Three other methodologies were identified, “STAR “[24], Qu-
par [25] and “T-Plan the fast start to Technology Roadmapping” [26]. The work of 
Phaal et al. was of the greatest interest as it has gained a lot of traction in the technol-
ogy roadmapping domain. A method for developing SPI roadmaps for the implemen-
tation of the regulatory standards which includes a workshop element can only  
enhance the roadmapping process. Having the opinion of experts in the medical de-
vice software development domain during the generation stage of the roadmap and in 
particular the discussion that was held on the ordering of the Activities was invaluable 
and consideration will be given to modifying the method to take into account the 
value of these types of workshop. 

IEC 62304 defines the processes required for the development of safe software for 
the medical device domain but does not tell the organization “how to” carry out the 
processes. The generated roadmap when completed will fill this gap. 

7 Future Work 

The next stage of this work is to validate the roadmap through expert review. A num-
ber of experts will be recruited for the validation from a diverse range of backgrounds 
including those who work in the medical device domain and use the standards on a 
regular basis, assessors who regulate organizations using the standard, academics with 
the appropriate expertise, and members of the standards committee.  

Once the roadmap is validated, work will commence on the identification of the 
“how to’s” for the achievement of the Tasks defined in the generated roadmap and the 
building of a repository to house them. This will be achieved through interaction with 
organizations that are close to regulatory compliance and assessment of their proc-
esses. This will enable future implementations in medical device organizations. 

The roadmap will be evaluated within medical device organizations of varying ma-
turity. For each organisation the roadmap will be customized to suit their own circum-
stances including criteria such as the lifecycle that is being employed, the size of the 
organisation and their existing process. This will enable the method to be truly tested 
and validated in a real world setting. 

8 Conclusions 

Organizations that are engaged in or wish to become engaged in the medical device 
software development domain are placed under a high level of scrutiny by the regula-
tory bodies tasked with ensuring that the medical device organization is compliant 
with all the standards. These standards identify the requirements the medical device 
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organization must satisfy without telling them how to achieve compliance.  This can 
hinder both the development of new medical devices and existing software houses 
entering the medical device domain due to the range of methods available for imple-
menting the standards.  

 Building on previous work in the area, which developed a set of SPI roadmaps for 
ISO 14971 and IEC 62366, this paper has introduced a roadmap for the implementa-
tion of IEC 62304. To develop this roadmap a number of workshops were conducted 
with experts in IEC 62304 which examined not only the arrangement of Tasks into 
Activities, but also examined the order in which these Activities should be introduced 
into an organization. Through this roadmap, organizations that are entering the medi-
cal device domain will be guided through the process of implementing the IEC 62304 
standard in an efficient and effective manner. 
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Abstract. A software system is context aware when it uses contextual informa-
tion to help actors (users or other systems) to achieve their tasks. Testing this 
type of software can be a challenge since context and its variabilities cannot be 
controlled by the software tester. The ISO/IEC/IEEE 29119 intended to cover 
testing of any software system. It provides a common language and process for 
testing software systems, including a categorization of conventional testing 
techniques. This paper contains the initial results of our ongoing efforts to un-
derstand the testing of context aware software, Specifically, we evaluate wheth-
er the observed techniques for testing context aware software can be matched 
against the ISO/IEC/IEEE 29119 categories or if they represent a new breed of 
testing techniques. The results indicate that using conventional techniques vari-
ations to test context aware software systems does not produce evidence on 
their feasibility to test the context awareness features in such systems. 

Keywords: Context awareness · Testing · ISO 29119:2013 · Systematic litera-
ture review 

1 Introduction 

The ISO/IEC/IEEE 29119 is a novel standard that covers software and systems engi-
neering testing. It was published in 2013, and some parts have not been approved yet. 
The purpose of the series of software testing standards is to define an internationally- 
agreed set of standards for software testing that can be used by any organization when 
performing any form of software testing[1]. It means it should be suitable to adapt the 
testing techniques not only to different organizational scenarios, but also to keep pace 
with technological advances of software systems. Although relevant, its scope seems 
to be broad and ambitious, considering the reality of contemporary software.  

Context aware software systems are a relatively new breed of software applica-
tions. As a result of the evolution of ubiquitous and pervasive computing, context 
aware applications take advantage of the myriad of sensors available in mobile devic-
es and use that information to serve their actors (users or other systems).  The verifi-
cation and validation of this type of system is an area where software technologies 
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have yet to be investigated [2]. Since the context of the application varies, testing all 
possible alternatives is not feasible. Context aware applications and their correspon-
dent context states can explode the permutation of available test space for a software 
application. It is likely that coverage or other test completeness techniques might not 
be useful in the realm of context aware software system. 

The ISO/IEC/IEEE 29119:2013, particularly part 4, defines software test design 
techniques. By taking into account the novelty of both domains, the ISO/IEC/IEEE 
29119:2013 international standard test design techniques and context aware software 
testing techniques identified during a quasi Systematic Literature Review [3], this 
paper describes the observed equivalence among Test Types and Test Design Tech-
niques defined in the ISO standard and such testing techniques.  

Considering the features of context aware applications, the results point out that 
most of the reviewed technical literature uses conventional testing techniques to test 
context aware software. In our opinion, this is an indication that either the testing of 
context aware software systems is no different from testing conventional software, or 
that there are still software technologies targeting at context aware software systems 
to be developed . We believe these results are important for the practitioners and 
software industry, because if they can only rely on traditional testing techniques to 
test context aware software systems, they are bound to keep taking tradeoff decisions 
between feasibility and coverage of their testing effort. It is unlikely that a conven-
tional testing strategy can be comprehensive enough to execute all possible context 
variations throughout testing execution, increasing the risk of failures in such applica-
tions after they are delivered. 

This article is organized as follows; Section 2 summarizes our research project in 
testing context aware software systems. Section 3 presents a summary of the 
ISO/IEC/IEEE 29119:2013 family of standards. In Section 4the matching methodolo-
gy and results are presented. Section 5 discuss our findings and provide hypothesis for 
understanding the results. Finally we discuss the threats to validity in Section 6 and 
summarize our conclusions in Section 7. 

2 Acquiring Knowledge Regarding the Testing of Context-
Aware Software Systems 

Context Aware Testing for Ubiquitous Systems (CAcTUS) is an ongoing research 
project involving researchers from three universities (Universidade Federal do Rio do 
Janeiro, Universidade Federal do Ceará – both in Brazil – and University of Valen-
ciennes and Hainaut-Cambresis in France). The objective is to understand test strate-
gies for the quality assessment of actor-computer interaction in ubiquitous systems. 
The initial tasks for the CAcTUS' researchers are concerned with the identification of 
relevant knowledge in the area. Therefore, there are  three teams undertaking second-
ary studies (quasi systematic literature reviews - qSLR [4]) to reveal evidence on 
testing techniques, test case design, test case documentation, and interoperability test-
ing concerned with context aware software systems. Particularly, this paper presents 
some results of the qSLR whose objective was to identify techniques reported in the 
technical literature for testing context aware software systems For the sake of simplic-
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ity, only the main features of the qSLR protocol is going to be presented. A complete 
description can be obtained in [3] . 

The search string used was interactively organized by using the PICO approach 
[5]. Table 1 presents the components of the search string, which had been applied to 
the Web of Science, Scopus and IEEE Xplore databases. The use of these databases 
can be justified by their stability and coverage of technical literature they provide. 

Table 1. qSLR’s Search String 

Population Context Aware Software Systems 

"context aware" OR "event driven" OR "context driven" OR "context 

sensitivity" OR "context sensitive" OR "pervasive" OR "ubiquitous" OR 

"usability" OR “event based” OR “self adaptive” OR “self adapt” 

Intervention Software Testing 

"software test design" OR "software test suite" OR "software test" OR 

"software testing" OR "system test design" OR "system test suite" OR "sys-

tem test" OR "system testing" OR "middleware test" OR "middleware test-

ing" OR "property based software test" OR "property based software testing" 

OR "fault detection" OR "failure detection" OR "GUI test" OR "Graphical 

User Interfaces test". 

Comparison - 

Outcome Testing approaches 

"model" OR "metric" OR "guideline" OR "checklist" OR "template" OR 

"approach" OR "strategy" OR "method" OR "methodology" OR "tool" OR 

"technique" OR "heuristics" 

 
From the 1680 different articles retrieved, 110 were selected after evaluating their 

title and abstract. These were then narrowed down to the 11 technical papers ([6], [7], 
[8], [9], [10], [11], [12], [13], [14], [15] and [16]) used in this work as input to eva-
luate the testing of context aware software in section IV. 

3 Acquiring Knowledge Regarding the Testing of Context-
Aware Software Systems 

The ISO/IEC/IEEE 29119:2013 [1] represents a relatively new series of international 
standards whose purpose is to provide governance of processes of software testing. 
The series encompasses the following four parts: 

• Part 1 purpose is to present the definitions of testing terms and some discus-
sions on key concepts to the understanding of the ISO/IEC/IEEE 29119 series 
of software testing international standards [1]. 

• Part 2 purpose is to specify test processes that can be used to govern, manage 
and implement software testing for any organization, project or smaller test-
ing activity. It comprises generic test process descriptions defining the soft-
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ware testing processes. Supporting informative diagrams describing the 
processes are also provided [17]. 

• Part 3 specifies software test documentation templates that can be used by any 
organization, project or smaller testing activity [17]. 

• Part 4 defines software Test Design Techniques that can be used during  the  
test design and implementation processes defined in ISO/IEC/IEEE 29119-2 
Test Processes [18]. This standard part is currently in ISO review process 
draft stage. 

• Part 5 is in even early stages of the ISO review process. It will specifically 
target processes and techniques for keyword based testing. 

 

A recurring topic through the different standards’ parts is that the series of interna-
tional standards were designed to be suitable for any type of organization, following 
any software development lifecycle. In this paper, we focus on Part 4: Test Design 
Techniques. 

3.1 ISO/IEC/IEEE 29119-4-DIS. Test Design Techniques 

The standard classifies the Test Design Techniques to achieve the testing process 
requirements (Part 2) in three broad categories: 

1. Specification based techniques: the test basis (e.g. requirements, specifica-
tions, models or user needs) is used as the main source of information to design 
test cases. 
2. Structure based techniques: the structure of the test item (e.g. source code or 
the structure of a model) is used as the primary source of information to design 
test cases. 
3. Experience based techniques: Tester's knowledge and experience are used as 
primary sources of information to design test cases. 

Table 2 presents ISO/IEC/IEEE 29119-4-DIS’s Test Design Techniques grouped 
by these three categories. 

Table 2. ISO/IEC/IEEE 29119 Test Design Techniques 

Test Design Technique Catego-

ry 

Test Design Technique 

Specification based testing Equivalence partitioning;  

Classification tree method; 

Boundary value analysis; 

Syntax testing; 

Combinatorial test design techniques; 

Decision table testing; 

Cause-Effect graphing; 

State Transition Testing; 

Scenario Testing, and; 

Random Testing. 

Table 2. (continued) 
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Structure based testing Statement Testing; 

Branch Testing; 

Decision Testing; 

Branch Condition Testing; 

Modified Condition Testing, and; 

Data Flow Testing Test Design Tech-

niques. 

Experience based testing Error Guessing 

3.2 ISO/IEC/IEEE 29119-4-DIS and ISO 25010 Test Type 

While ISO/IEC/IEEE 29119 defines the Test Design Techniques, it relies on a pre-
viously defined standard – the ISO/IEC 25010 Systems and Software Quality Re-
quirements and Evaluation (SQuaRE) -- System and software quality models – for the 
definition of Test Types. 

As a quick introduction, the ISO/IEC 2510:2011 [19] is the current standard where 
quality attributes are defined. A quality attribute is a factor affecting the run-time 
behavior, system design and user experience. The ISO/IEC 2510:2011 defines Test 
Types aiming at the quality attribute the test is intended to evaluate. Table 3 presents 
the test types defined in this standard, which will be used for the mapping presented 
in the following section. 

Table 3. ISO/IEC 25010 Test Types 

ISO/IEC 25010 Test Types 

Accessibility Testing; 

Backup/Recovery Test-

ing; 

Compatibility Testing; 

Conversion Testing; 

Disaster Recovery Test-

ing; 

Functional Testing; 

Installability Testing; 

Interoperability Testing; 

Localization Testing; 

Maintainability Testing; 

Performance-Related 

Testing; 

Portability Testing; 

Procedure Testing; 

Reliability Testing; 

Security Testing; 

Stability Testing, and; 

Usability Testing. 

4 On Matching Testing Context Aware Software Systems 
Testing Techniques and ISO/IEC/IEEE 29119:2013 

4.1 Matching Methodology 

Mapping the Test Design Techniques, as it was initially our intention, was not possi-
ble since most of the identified authors did not make an explicit reference to the de-
sign techniques used in their work. Therefore, for our purposes we studied and named 
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the techniques that, to the best of our knowledge, the authors seemed to have used 
(see 4). 

In contrast, it was possible to extract names for the test types that the authors de-
fined to be using (presented in Table 5). However, to map these types also represented 
a challenge, since the names they used to use do not have a literal correspondence to 
the types described in the standard. Therefore, we provided this matching by inter-
preting the intention of each test type in the standard to what the authors have re-
ported. 

For instance, Merdes et al. [11] define the test type as being “run time testing”, while 
our interpretation is that run time is the means to achieve interoperability testing (“run 
time testing” is not a valid category in  ISO/IEC/IEEE 29119). Meanwhile, She et al. 
[14] define that their tools provide functional testing, which we agree and maintained 
the authors classification in our matching. 

4.2 Matching Rationale 

This section describes the 11 identified technical papers concerned with the testing of 
context aware software systems. 

Alsos and Dhal [6] presents a case study for usability testing of context aware sys-
tems in healthcare. The observational cases were designed by physically designing 
new scenarios in their environment. They present three prototypes to be used by each 
participant in a sequential order. The definition of Scenario Testing according to the 
ISO/IEC/IEEE 29119-4 says that scenario testing uses a model of the sequences of 
interactions between the test item and other systems (in this context users are often 
considered to be other systems) for the purpose of testing usage flows involving the 
test item. Test conditions shall either be one sequence of interactions (i.e. one scena-
rio) or all sequences of interactions (i.e. all scenarios)[18]. 

Merdes et al. [11] present a proposal for fidgeting with resource sensors in mobile 
devices at runtime. They present a XML-based-tool for helping with this intervention. 
This XML layer enables the user to configure run time scenarios where the Test suites 
for the application will be executed. The approach presented in the article and its 
practical examples are pre-established scenarios created with the proposed XML 
based-tool, similar to Alsos and Dhal[6]. 

Canfora et al. [9] present a case study where they recorded the users reactions to a 
mobile context aware application. Their aim was to build an automated workbench for 
mobile usability testing. The authors described their experimental design as a set of 
testing scenarios, in which each of them was created in order to attend a different user 
level of knowledge (normal user, smart user and businessman). This kind of approach 
is characterized as scenario testing.  

Jiang et al.[8] and She et al. [14] presented an automated testing environment for 
testing mobile applications. Both environments allow the definition of context va-
riables to be used in the test case design. Jiang et al.[8] separated the population on 
teams, all the teams were given the same tasks to be followed step-by-step (just as the 
previous presented scenario testing papers). However, in contrast to [8], She et al.[14] 
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do not provide any indication of what is the technique the subject used to generate the 
test cases. The authors propose a framework to aid the testers and try to compare what 
they call “manual testing” with the presented approach. Nevertheless, none of these 
approaches were detailed, making the ISO/IEC/IEEE 29119-4 classification unfeasi-
ble.  

In similar fashion, Amalfitano et al. [7] present an app running on the Android 
platform. This app juggles the input received by the device sensors and feeds it to the 
application under test. The authors define their Test Design Technique as “explora-
tion-based technique”. The ISO/IEC/IEEE 29119-4 defines the Error Guessing Tech-
nique as the design of a checklist of defect types that may exist in the test item, allow-
ing the tester to identify inputs to the test item that may cause failures, if those defects 
exist in the test item. Each defect type shall be a test condition. Considering Amalfi-
tano et al. [7]'s features, we matched their approach to the error guessing Test Design 
Technique according to the ISO/IEC/IEEE 29119-4. 

Ryan and Gonsalves[12] present an experiment to evaluate the usability of context 
aware applications in different device types. In this study, the authors adapt the same 
application to run on four different device types and then evaluate them for Usability 
related quality attributes (for instance, learnability and ease of use). Similarly to the 
previously presented scenario testing papers, the population group had a list of steps 
to follow during the experimentation. 

Satoh[13] defines the aim of the study as interoperability test of context aware ap-
plications. The author’s strategy is to emulate several sensors thus creating a sandbox 
for the context aware application to run in. Even though the proposed emulator seems 
to be promising, the test descriptions were not detailed enough for making the match-
ing against the ISO/IEC/IEEE 29119-4. 

Tse et al. [15] coin the term “methamorphic testing” to describe their approach. 
The approach is based on specifying the context variables and sensors to which the 
application is aware, and then use mutation operators to juggle that initial specifica-
tion in order to find defects. An initial database contains the input/output variables 
and the approach presented selects different combinations of inputs to check if the 
outputs remains the same in different input sequences of execution. ISO/IEC/IEEE 
29119-4 defines Random Testing as a model of the input domain of the test item that 
defines the set of all possible input values. An input distribution for the generation of 
random input values shall be chosen. The domain of all possible inputs shall be the 
test condition for random testing. 

Finally, Wang and Chan [16] propose a metric for evaluating how exposed a test 
suite is to context variables. Their approach hypothesizes that maximizing test suit 
development for that metric will improve coverage of the context of the application. 
Lu et al. [10] present a similar measurement concept, and provide a laboratory proof 
of concept of their approach that is used to help them identify challenges in testing 
context-aware software systems. Both of the authors try to observe the context-
awareness testing problem as a structure-based problem, instead of specification-
based (approach used by the previously cited papers). Even though testing all possible 
context variable combinations being unfeasible, the authors show different arrange-
ments resulting in distinct coverage criteria for white-box testing. According to the 
ISO/IEC/IEEE 29119-4, Branch Testing is a control flow model that identifies 
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branches in the control flow of the test item shall be derived. Each branch in the con-
trol flow model shall be a test condition. Even though the authors’ proposals are dif-
ferent; both of them are executing branch testing. 

4.3 Matching Results 

This section presents the results of identifying approaches to context aware software 
testing. Table 4 summarizes our classification of the sources against the standards 
Test Design Techniques, according to the rationale explained in the previous section. 

Table 3. Papers Classification by ISO/IEC/IEEE 29119 Test Design Technique 

Article ISO/IEC/IEEE 29119 part 4 

Test Design Technique 

Alsos and Dhal[6] Scenario Testing 

Amalfitano et al. [7] Error Guessing 

Jiang et al.[8] Scenario Testing 

Canfora et al.[9] Scenario Testing 

Lu et al.[10] Branch Testing 

Merdes et al.[11] Scenario Testing 

Ryan and Gonsalves[12] Scenario Testing 

Satoh[13] None 

She et al.[14] None 

Tse et al.[15] Random Testing 

Wang and Chan[16] Branch Testing 

 
In contrast to the Test Design Technique classification, in Table 5 is possible to 

observe the comparison between the ISO/IEC 25010 (referenced standard for Test 
Types in ISO/IEC/IEEE 29119) and the authors own classification. 

Table 4. Comparision of Authors' vs ISO/IEC's Test Type 

Article ISO/IEC 25010 Test Type Authors defined Test Type 

Alsos and Dhal[6] Usability Testing Usability Comparative Testing 

Amalfitano et al. [7] Procedure Testing Exploratory Testing 

Jiang et al.[8] Compatibility Testing None 

Canfora et al.[9] Usability Testing User Experience Testing 

Lu et al.[10] Functional Testing Functional Testing 

Merdes et al.[11] Interoperability Testing Run-Time Testing 

Ryan and Gonsalves[12] Usability Testing 

Functional Testing 

Usability Testing 

Satoh[13] Compatibility Testing 

Interoperability Testing 

Interoperability Testing 

She et al.[14] Functional Testing Functional Testing 

Tse et al.[15] Functional Testing Metamorphic Testing 

Wang and Chan[16] Branch Testing Coverage-based Testing  
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5 Discussions 

The results in Table 5 show that five out of the 11 references use the same name for 
Test Type. Taking into consideration the novelty of the standard it could be an indica-
tion that the community did not have enough time to adopt the terms yet. In contrast, 
given that software testing is a long standing area of practice in Software Engineering, 
it is still striking that researchers are still using such diverse names to describe the 
same things.  

Regarding the applicability of the proposed techniques for context-aware software 
testing, it seems clear that most authors have taken the approach of treating context 
awareness as another dimension which must be taken into account when designing 
test cases. This means, authors are using context variables as input, variables which 
should be defined in the test case and not influencing the testing scenario, according 
their perspectives.  

With the exception of Satoh[13] and She et al. [14], all other authors are using Test 
Design Techniques that can be mapped to the Standard. Furthermore, the majority of 
the approaches presented are using Scenario Testing as its Test Design Technique, i.e. 
the approach guides the tester in which way and with what perspective it should ex-
ecute the test. If we consider that the context variations may occur at any time and 
without control, whether the approach limits the way of testing, it is reasonable to 
believe that the approach will not support the test of context-awareness features. 

However, since nine out of 11 studies can be classified regarding the international 
standard, it seems that either (a) testing context-aware software is no different from 
testing of conventional – not context aware – software, for this group of papers; or (b) 
the novelties of the issues associated with this specific type of software system (con-
text awareness) have yet not been explored. We argue in favor of the second hypothe-
sis, since it spite of having achieved nine classifications, this have not been straight 
forward. And in addition to this, there is no evaluation of the suitability of the test 
design techniques for the test of context aware software systems. 

Another observation is that the authors in the reviewed technical literature have 
distinct perceptions of software testing. For instance, four out of 11 references do not 
include the need of an oracle or specification as an integral part of the construction of 
test cases. The international standards wording for the definition of test cases is rather 
ambiguous in this subject. The standard puts the focus on the dynamic execution of 
the unit under test with the aim of evaluating its quality, and gives the oracle a nice-
to-have status. 

6 Threats to Validity 

We understand that there are two main threats to the validity of the discussions pre-
sented in this work. One is regarding the draft status of part 4 of the ISO/IEC/IEEE 
29119 international standard. In our experience with other ISO standards, there can be 
significant changes between the DIS and the final approved version of the standard. 
This means that it is likely that the Test Design Techniques classification might not be 
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stable yet. In contrast, the Test Types are taken from the ISO/IEC 25010:2011 that is 
stable. On the other hand, it is also possible that we might have overlooked some 
concept during the matching process or that other researchers performing the same 
matching process can come up with different classifications for the same sources. 
This might have impact on the conclusions and results presented in this paper. 

Another source of threat to validity is inherent to the research method applied for 
identifying the relevant technical literature. The qSLR research protocol [3] docu-
ments the research process and results, which for the sake of brevity are not discussed 
but mentioned here:  

• Threats of missing literature and Selection Bias: both are always a threat in 
qSLR studies and are mitigated by a rigorous research protocol [3]. 

• Inaccuracy of data extraction and bias on synthesis of information: there is 
always the threats that we could have misunderstood the intention of the au-
thors whose work we have study. The readers of this paper can evaluate the 
summary of this papers in the section 4.2. 

7 Conclusion 

In this paper we have presented the Standard for Testing Software Systems 
(ISO/IEC/IEEE 29119) and its matching with currently used testing techniques for 
context awareness software systems. The scope of this standard is broad and ambi-
tious; it seeks to define processes and techniques for testing all types of software sys-
tems. Being context aware software systems a relatively new type of software, our 
aim with this paper was to evaluate whether this new international standard could 
cover the testing of context aware applications. 

Therefore, this paper classified the identified technical literature on testing context 
aware software by using the ISO/IEC/IEEE 29119 Test Design Techniques and 
ISO/IEC 25010 Test Types. The relevant technical literature included in this work 
resulted from a qSLR undertaken in the context of CAcTUS project. 

The testing of context aware applications brings on the challenges associated with 
an ever changing context in which the application is executed. Therefore, context can 
become an ever increasing source of possible input spaces for defining test cases. 

The results presented in this paper show that most of the identified technical litera-
ture reports to be using traditional testing techniques to test context aware software 
and that they are using techniques which can be classified using the international 
standard. However, as far as we could investigate, we have not been able to identify a 
test design technique that specifically targets at context variables in its conception. 

Nonetheless, the question still remains whether the reason this is so is that the chal-
lenges and issues associated with testing context aware software are still so new that 
they haven’t been explored yet or that they are no different than the testing of regular 
(or non context aware) software. Nonetheless, we believe that further evidence is 
needed to evaluate this claim. 
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Abstract. Organisations who operate in the safety critical domains such as the 
medical device, avaition, and automotive domains must ensure their software is 
safe and provide objective evidence to this effect. One way of achieving this is 
by adhering to domain specific regulations and guidelines which specify a com-
prehensive implementation of traceability. However there is a gap between reg-
ulatory traceability requirements and what is implemented in practice. This lack 
of compliance means that organisations find it difficult to assess the safety of 
their software and thus ensure its safety. One reason for non-compliance with 
regards to traceability is a lack of guidance on what traceability to implement or 
how to implement it. In this paper we present the development and validation of 
a roadmap for the implementation of traceability in the medical device domain. 
The roadmap will provide medical device organisations with a pathway for ef-
fective traceability implementation. 

Keywords: Software traceability · Medical device · Roadmap · Compliance · 
Safety critical software · Standard · Guideline 

1 Introduction 

Developing software in the safety critical domain is a difficult task as manufacturers 
must comply with numerous regulations and guidelines. Additionally, it is incumbent 
on the manufacturers of such software to prove that their software is safe. This in-
volves submission of a safety case which is a reasoned argument supported with ob-
jective evidence proving that the software is safe for its intended use [1]. Establishing 
effective software development processes that are based on recognised engineering 
principles appropriate for safety critical systems will greatly contribute towards  
the safety of the software. At the heart of such processes they must incorporate  
traceability. 

Traceability is the ability to establish links (or traces) between source artefacts and 
target artefacts [2]. Tracing, which is the process of developing traces, is an important 
technique that can help to ensure that the right system is being designed and imple-
mented. It is important to implement “just the right amount” of traceability in “just the 
right way” so that the risk-to-reward ratio benefits a project's circumstances. Other-
wise, you may find that: 
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1. A project suffers from excessive overhead without commensurate quality im-
provement. 

2. The project fails to deliver the requisite quality  

Neither of these outcomes is desirable therefore it is beneficial to define and imple-
ment the right traceability strategy from the beginning. In the medical device domain, the 
“right amount” of traceability is determined by the medical device standards and guide-
lines. These standards require traceability between each phase of the Software Develop-
ment Lifecycle (SDLC), Risk Management and Change Management processes, e.g. 
traceability between software requirements and software architectural design. This stan-
dards’ traceability requirements ensure verification of inputs to outputs. Additionally, the 
“right way” is influenced by traceability best practices. 

However despite the regulatory requirements for traceability and the many benefits 
it has to offer, most existing software systems lack explicit traceability links between 
artefacts [3] and required phases. This leads to difficulties in verifying and validating 
the software. Numerous reasons have been identified for reluctance in implementing 
traceability, including a lack of guidance in terms of what traces to implement and 
how to implement them. As a result practitioners are ill informed as to how best to 
accomplish this task [4, 5]. To assist medical device organisations in addressing the 
lack of guidance on how to implement effective traceability, this paper presents the 
development and validation of a traceability roadmap. 

While there is no standard definition of a roadmap, many definitions do exist, for 
example a roadmap is ‘the view of a group of stakeholders as to how to get where they 
want to go to achieve their desired objective’[6], or a roadmap is ‘a series of miles-
tones, comprised of goals, that will guide an organisation, through the use of specific 
activities, towards compliance with regulatory standards’[7]. In effect a roadmap is a 
plan that allows organisations put solutions in place in order to achieve specific goals. 

The remainder of this paper is structured as follows: Section 2 outlines various 
types of roadmaps and roadmap development methodologies while Section 3 outlines 
the development methodology used to develop the roadmap presented in this paper. 

Section 4 details the structure of the developed roadmap while Section 5 presents 
the findings of an expert evaluation of the roadmap and a discussion of those findings, 
while  Section 6 concludes the paper. 

2 Related Work 

Robert Phaal et al., [8] leading authorities in the world of roadmapping (the process of 
developing a roadmap), examined approximately 40 roadmaps and categorised them 
into 8 types of roadmap (in terms of purpose) and 8 formats of roadmap (in terms of 
graphical format). Based on the purpose that they serve, the following 8 types of 
roadmap have been identified: Product planning; Service/capability planning; Strateg-
ic planning; Long range planning; Knowledge asset planning; Program planning; 
Process planning; and Integration planning. Based on the graphical format, the fol-
lowing 8 formats of roadmap have been identified: Multiple layers; Single layer; 
Bars; Tables; Graphs; Pictorial representations; Flow Charts; and Text. 
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Phaal et al. note that a range of roadmaps observed may be partially due to a lack 
of an accepted standard for roadmap development, or may be due to the fact that or-
ganisations need to adapt their approach to suit their particular situation i.e. business 
purpose, available resources etc. The authors also note that roadmaps can contain 
elements of more than one type of roadmap resulting in many hybrid forms of road-
map, which can result in organisations finding them difficult to use. 

As a result of challenges organisations encountered when developing roadmaps 
Phaal et al. developed a fast start approach called T-Plan to support the rapid initiation 
of roadmapping [9]. These challenges included: keeping the roadmapping process 
"alive" on an ongoing basis; starting up the process; and developing a robust method. 
The T-Plan approach is based on four facilitated workshops. The first workshop 
("Market") aims to establish a set of prioritized market and business drivers for the 
future, reflecting external and internal factors. The second workshop ("Product") aims 
to establish a set of "product feature concepts" that could satisfy the drivers identified 
in Workshop 1. The third workshop ("Technology") aims to identify possible technol-
ogical solutions that could deliver the desired product features. The fourth workshop 
("Charting") draws the marketing and technology strands together to produce the first 
roadmap. Its format is defined in terms of time scales, levels and product strategy. 

The Software Engineering Institute in collaboration with Carnegie Mellon Univer-
sity and the Hewlett-Packard Company have developed a Software Process Improve-
ment (SPI) Roadmap [10]. This roadmap is a generic long range integrated plan for 
initiating and managing a SPI program. Its purpose is to provide a generic description 
of the steps involved in implementing a SPI program, at both a strategic level and an 
operational level. The roadmap describes a process improvement program that occurs 
in three phases, made up of six major activities within these phases. The three phases 
are analogous to the SEI’s IDEAL model (Initiating, Diagnosing, Establishing, Acting 
and Learning) for software process improvement. The phases are: 

• Initiate process improvement; 
• Baseline the current processes and opportunities; 
• Implement process improvement by developing and sustaining improvements 

within the organization. 

Flood et al., [11] have developed a SPI  roadmap for the implementation of medi-
cal device standards. The goal of this roadmap is to implement the processes neces-
sary to meet the requirements of specific medical device standards, and not to im-
prove existing processes as in traditional SPI models. The methodology used to de-
velop the roadmap is similar to the methodology used by Barafort et al., [12] for the 
construction of ISO/IEC 15504-2 [13]compliant process assessment and process ref-
erence models. The methodology contains seven steps as follows: 

1. Identify requirements of the standards; 
2. Logically group all goals; 
3. Separate grouped goals in line with ISO/IEC 15504 capability levels. These 

grouped goals form milestones; 
4. Order the milestones based on capability levels and logical groupings; 
5. Validate the generated roadmap; 
6. Identify activities that can meet the identified goals; 
7. Validate activities in host organisation. 
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While there are numerous publications on roadmap development methodologies  
[14-17] , the most common methodology is a three phase approach: an initiation 
phase which includes defining the scope and boundaries of the technology roadmap, a 
development phase, and a follow up phase which includes roadmap validation and 
implementation plan. 

3 Methodology 

To develop a roadmap it is necessary to answer the following three questions: Where 
are we now? Where are we going? and How do we get there? 

The objective of this roadmap is to provide a pathway for the implementation of 
traceability in a manner which is compliant with the medical device standards re-
quirements for traceability, and also to provide a pathway that adopts the best practic-
es for traceability implementation. These requirements and best practices provide an 
answer to the question ‘Where are we going?’ An analysis of the medical device stan-
dards (which included ISO/IEC 62304 [18], ISO/IEC 14971[19], ISO/IEC 13485 
[20], and the FDA guidance documents [21-23]) yielded 26 requirements for tracea-
bility. These requirements were then transformed into a ISO/IEC 15504-2 [13] com-
pliant process assessment and process reference model using the TIPA transformation 
process [12]. The application of this process assessment model (PAM), developed 
prior to this roadmap [24], provides a baseline of an organisation’s current state with 
regards to traceability and answers the question ‘Where are we now?’.  To determine 
the best practices for implementing traceability a literature review was conducted 
which yielded 23 best practices [25]. These 23 best practices were categorised under 
the 6 headings of: Traceability Policy; Traceability Information Model; Resources; 
Appropriate Techniques; Standard Operating Procedure and Communication Method.  

Now that the requirements and best practices for traceability implementation were 
identified a decision as to the type and format of the roadmap was required.  In contem-
plating the taxonomy of roadmap types and formats identified by [8] it was considered 
that the traceability roadmap aligned with the ‘Process planning’ type of roadmap. 
This type supports the management of knowledge, focusing on knowledge flows that 
are needed to facilitate effective traceability implementation. In addition to, and per-
haps more important than roadmap type, the format of the roadmap was then consid-
ered. It was decided that the roadmap should be a hybrid version entailing both the 
‘single layer’ and ‘text’ formats. This hybrid version was chosen for the following 
reasons: 

• Combinations of pictorial information with text-only information facilitate 
significant improvements in understanding [26]; 

• The single layer roadmap is a graphical format and can present a lot of in-
formation in a readily understandable format; 

• The traceability roadmap needed to present a lot of information such as base 
practices and the benefits that an organisation could leverage through each 
phase of the implementation. In addition, it was felt that an implementation 
case study would be of great benefit to organisations that do not have exper-
tise in the area of traceability. Therefore it was decided that the best way to 
present this information would be in text format. 
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4 Roadmap Overview 

The roadmap contains three separate sections. Section 1 contains an overview (see 
Figure 1) of the steps an organization should take when implementing an effective 
traceability process. During the pre-production stage ‘Plan for Traceability’, an 
organisation should decide at an organisation level, or the project manager should 
decide at the project level which of the traceability best practices to implement. The 
best practices are numbered from 2.4.1 to 2.4.6 and this is the suggested order of im-
plementation as there are certain dependencies between them, for example the Tra-
ceability Information model details the traces to be implemented and this information 
should be known before deciding on required resources. 

 

Fig. 1. Traceability Roadmap Overview 
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The Production stage in Figure 1 indicates implementation of traceability through 
the Software Development Lifecycle (SDLC) and the supporting processes of Risk 
Management and Change Management. The SDLC, Risk Management and Change 
Management processes respectively contain 14, 7 and 4 base practices (as distinct 
from best practices identified in Pre-Production). Figure 1, indicates at what stage 
during these processes the base practices should be exercised. These base practices 
have been extracted from the traceability PAM developed in conjunction with this 
roadmap [24]. Risk Management and thus risk management traceability should  
be implemented at each stage of the SDLC and through the maintenance lifecycle 
whereas Change Management and thus change management traceability should  
be implemented whenever a change is required through the SDLC and maintenance 
lifecycle.  

Traceability needs to be maintained throughout Production and Post-Production 
or it will degrade and become untrustworthy. Maintaining traceability through Post-
Production requires exercising the same development processes (i.e. SDLC, Risk 
Management and Change Management) and same base practices exercised during the 
production stage. 

Section 2 of the roadmap contains details of the base practices for implementing 
traceability through the SDLC, Change Management, and Risk Management 
processes in addition to the best practices for implementing traceability. These base 
practices, are the activities that contribute to achieving the effective implementation 
of traceability through the SDLC, Risk Management and Change Management 
processes. For example Base Practice 1 (BP1) of the SDLC is: Establish bi-directional 
traceability between System requirement and their source. 

Section 3 of the roadmap contains an implementation case study which guides the 
reader through the implementation of traceability in a fictional organization and is 
thought to be of particular benefit to organisations with little experience in software 
process improvement or implementation of traceability. 

Figure 1 also indicates the benefits that can be leveraged during the SDLC and 
supporting processes of risk management and change management e.g. benefits 4, 7 
and 8 can be leveraged through Risk Management traceability. The benefits are: 

Benefit 1: Maintenance. Accurate traceability information facilitates making 
changes correctly and completely during maintenance, thus improving productivity.  
Benefit 2: Reuse of components. The traceability matrices facilitate reusing product 
components from past projects and thus increasing productivity.  
Benefit 3: Impact Analysis. Traceability information can be used to quickly and 
accurately identify the impact of any proposed change to the system. 
Benefit 4: Project Management. Traceability information allows project managers 
to have current data on the progress of the project. By analysing the traceability ma-
trices, the project manager can quickly determine which artefacts have been imple-
mented and thus determine if schedule is on target. 
Benefit 5: Customer confidence. The traceability matrices can be presented to the 
customer as reassurance that the customer is getting the product that they requested. 
Benefit 6: Verification and Validation. The SDLC traceability matrix can be used to 
prove that a requirement has been designed into the system and implemented in the 
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code. This validates the requirement. Similarly the trace matrix can be used to prove 
that the requirement, design and code have been tested which verifies the require-
ment, design and code. 
Benefit 7: Certification. Regulation normally requires critical systems are certified 
before entering service. This involves submission of a safety case. A good safety case 
encompasses an effective risk mitigation process which is highly dependent on re-
quirements traceability.  
Benefit 8: Key personnel leaving. Documenting the links between artefacts through 
the traceability matrices reduces the risks of information being lost if key personnel 
leave the project/organisation.  
Benefit 9: Test failures. If tests fail, the SDLC traceability matrix can be used to 
identify the artefacts that potentially cause the failures, as requirements, design and 
code are linked to software requirements test. 

5 Validation of the Roadmap 

5.1 Research Method 

An initial validation of the traceability roadmap has been conducted by expert review. 
Eight experts agreed to participate and were chosen based on their expertise in one or 
more of the following: a) roadmap development, b) medical device standards, c) re-
quirements traceability, d) medical device software development and e) software 
process improvement. A brief overview of the experts credentials include: 

Expert 1 has seven years in industry and seven years in academia researching tra-
ceability; 

Expert 2 has more than thirty years’ experience in software development, is a con-
sultant of a major medical device manufacturer, is a member of the ISO/IEC JTC1 
WG10 (Process assessment), and is the author of the addendum of IEC 62304:2006 
showing the mapping between 62304 and 12207; 

Expert 3 has worked in the software industry for about 12 years as programmer, 
analyst, project manager and database administrator and is Chief Scientist with a ma-
jor software research centre; 

Expert 4 has forty years’ experience in software development, the last ten of 
which have been in medical device software specialising in integration of traceability; 

Expert 5 has twenty years’ experience in software development in roles such as 
Quality manager, and Lean and Agile coach. He has established a UML modelling 
concept to support 100% traceability; 

Expert 6 has managed software design and development processes for a medical 
device manufacturer.  This role included oversight of software quality assurance; 

Expert 7 develops software for laboratory testing in a medical device company 
and has experience with tests and requirements traceability according to IEC 62304; 

Expert 8 has experience in industry software development, open source software 
development and roadmap development. 

Each reviewer was sent a copy of the roadmap along with a questionnaire which 
focused on the roadmaps ‘fit for purpose’. Some of the questions asked for an opinion 
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based on the 5 level Likert scale [27] including a rationale for their response, while 
some of the questions asked for an opinion (without the Likert scale) and a rationale 
for their opinion. The questions requiring a Likert scale response are listed in Table 1. 
An example of a question without the Likert scale asked in the questionnaire is: Do 
you agree with the order of implementation depicted in Figure 1? Please give a short 
rationale for your opinion. 

After all responses were received they were tabulated and a focus group consisting 
of four members from the Regulated Software Research Centre based in Dundalk 
Institute of Technology, Ireland was then convened to discuss the responses and ar-
rive at a general consensus as to what changes should be made to the roadmap. 

5.2 Findings 

The eight experts were asked three questions which required a response rated on a 
five point Likert scale where 1 = Strongly Disagree, 2 = Disagree, 3 = Neither Agree 
or Disagree, 4 = Agree and 5 = Strongly Agree. The questions and responses are 
shown in Table 1. 

Table 1. Reviewers responses rated on Likert scale 

Questions Rating 
1 2 3 4 5 

To what extent do you agree that the traceability 
implementation roadmap is usable in practice? 

 2 1 3 2 

To what extent do you agree that the traceability 
roadmap is adaptable and customisable to different 
company settings (size, culture, resources etc.)? 

1  2 5  

To what extent do you agree that the traceability 
roadmap is useful in practice? 

 1 2 4 1 

 
The table indicates for example that in response to the question, ‘To what extent do 

you agree that the traceability implementation roadmap is usable in practice?’, two 
reviewers strongly agreed that it did while three reviewers agreed that it did etc. So 
while the table indicates an overall positive response, a series of further questions in 
the questionnaire elicited a total of 42 comments/suggestions for improvement. These 
comments were categorized under three main headings of Structure, Content, and 
Rationale as shown in Table 2.  

The Structure category contained 7 comments about the structure of the roadmap. 
These comments related to: 

• the order of the best practices under Pre-Production in Figure 1; 
• a comment stating that references to medical device standards should be in 

an Appendix; 
• 2 comments stating that the benefits of traceability should be in the introduc-

tion. 
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Table 2. Categorisation of Reviewer Comments 

 

The majority of received comments were categorized under the Content category. 
This category contains 29 comments which were generally focused on the substance 
of the roadmap. These comments related to:  

• Six comments stated that they thought the roadmap had too much content 
and was too complex e.g. “I would have like to make it much shorter with 
better visualizations”.  

•  Six comments were also made with regard to tools and automation, suggest-
ing that while the roadmap  offers both automated and manual options, the 
roadmap would be better served if it ‘encourages automation more’.  

• One comment on implementation detail suggests that a better explanation of 
how to complete matrices is required; 

• Three comments suggested that a number of additional benefits of traceabili-
ty could be added to the roadmap; 

• Two reviewers thought that the roadmap could be improved if it was more 
flexible and that the methods suggested for implementing traceability should 
be marked as exemplar; 

• Five comments were made with regard to the applicability of some of the 
content in the roadmap. These comments questioned the best practice of not 
using traceability in performance reviews, and if there is a need for a Stan-
dard Operating Procedure;  

• Six comments were made with regard to adding additional content to the 
roadmap. These comments included adding additional columns to the trace 
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matrix, adding a section stating how the roadmap is applicable to different 
SDLC types e.g. Agile, Spiral, Iterative, and finally one reviewer thought 
that ‘in order to be persuasive it is important to sell traceability’ . 

The Rationale column contained 6 comments relating to the reviewers understand-
ing of the roadmap and are summarised as: 

• One reviewer thought that the roadmap could be improved with better ‘sign-
posting’ to direct the reader through the document;  

• Three reviewers thought that the Overview section was not self-explanatory 
and needed more detail; 

• One reviewer was confused with the terms best practice and base practice; 
• One reviewer considers that the rationale for traceability in the Introduction 

section could be improved. 

5.3 Discussion 

As a result of the comments/suggestions for improvement the focus group, which was 
convened after all the comments were received, came to a decision regarding changes 
to be made to the roadmap. The changes are listed under the Structure, Content and 
Rationale categories. 

Structure Category. One comment thought that references to the standards which 
were in Section 2 of the roadmap should be put in an Appendix. This comment is 
related to six other comments categorised under the Content column which refer to 
the roadmap having too much content. The focus group agreed that the references to 
the regulations were not necessary for the implementation of the roadmap and were 
for informative purposes only and so agreed that they should be put in an appendix. 

Two comments thought that the Introduction to the roadmap should contain the 
benefits of traceability. These comments relate to a comment under the Content cate-
gory which states that it is important to sell traceability, and also relates to a comment 
under the Rationale column which states that the rationale for traceability in the Intro-
duction could be improved. The focus group considered that putting the benefits of 
traceability in the Introduction would inappropriately extend the Introduction. It was 
agreed that the benefits and barriers section should be moved to an Appendix and 
referenced in the Introduction. 

Content Category. Six comments under the Content section stated that the use of 
automatic tools should be encouraged more (as against manual methods which were 
described in Section 2 of the roadmap). These comments are related to two other 
comments under the Content section which state that the manual methods should be 
marked as exemplar. The focused group agreed with these comments and so the ma-
nual methods are marked as exemplar and moved to an appendix, which has the addi-
tional benefit of making the roadmap less complex. Additionally the use of automated 
trace tools will be highlighted in the roadmap overview along with a tool decision 
flowchart in Appendix D. 

Three comments stated that a number of additional benefits of traceability could be 
added to Figure 1 e.g. benefits 5, 6 and 7 should be added to Change Management. 
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The focus group considered that these three benefits were generic across the three 
processes and so it was agreed to add them to the three processes.  

A number of comments were made with regard to adding additional content to the 
roadmap. The focus group considered these comments and agreed to add a paragraph 
in the Introduction to address how the roadmap is applicable to different SDLC types 
e.g. Iterative, Spiral, Agile etc. 

Rationale Category. The focus group agreed that adding hyperlinks to the roadmap 
would improve the readability of the document. This was in response to one review-
er’s comment about improving the ‘signposting’ throughout the roadmap. 

One reviewer stated that using the two terms ‘best practice’ and ‘base practice’ was 
confusing. The focus group agreed not to change these terms as ‘base practice’ is the 
term used in ISO/IEC 15504 and this is the standard on which the PAM related to this 
roadmap complies with. Additionally the term ‘best practice’ is a term used through-
out the literature and is generally known. It was however agreed that a distinction 
between the terms should be made in the Introduction of the roadmap. 

5.4 Complete Roadmap 

A table of contents of the completed roadmap is shown in Table 3. The main body of 
the roadmap now contains three relatively short sections with a lot of informative 
material referenced in the Appendix. 

Table 3. Completed Roadmap Table of Contents 

Introduction Appendix A 
Barriers and possible solutions 
Leveraging traceability benefits 

Scope Appendix B 
Difference between IEC 62304 and ISO 
12207 

Section 1  Roadmap Overview 
 

Appendix C 
Traceability links and references to 
Standards 

Section 2 Traceability Milestones, Out-
comes and Base Practices for each of 
the processes: 

Change management 
Risk management 
SDLC 

Appendix D 
Exemplar traceability methods and 
tasks 

Section 3  Implementation Case Study Appendix E 
Traceability Best Practices in detail 
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6 Conclusion 

To assist medical device organisations improve their traceability, a roadmap for the 
implementation of traceability has been developed. This roadmap is based on a 
ISO/IEC 15504 compliant Process Assessment Model (PAM) developed by the au-
thors prior to this roadmap. The PAM will assist medical device organisations un-
derstand their actual traceability performance and management of activities, and the 
potential for improvement. The roadmap will then provide the pathway to that im-
provement and ensure compliance with the medical device standards and traceability 
best practices. 

Eight experts reviewed the roadmap. While the response was mostly positive they 
made a total of forty two comments suggesting fourteen areas for change. A focus 
group reviewed these comments and through consensus agreed to make two changes 
to the structure of the roadmap, four changes to the content of the roadmap, and two 
changes to aid understanding (rationale) of the roadmap. Based on the review feed-
back and resulting amendments which have resulted in its enhancement, the roadmap 
is now ready for pilot assessment within two medical device organisations. 
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Abstract. Feature content in system releases tends to be prioritized using li-
mited amounts of qualitative user input and based on the opinions of those in 
product management. This leads to several problems due to the wasteful alloca-
tion of R&D resources. In this paper, we present the results of our efforts to col-
lect quantitative customer input before the start of development using mock-ups 
and surveys for a mobile application developed by Sony Mobile. Our research 
shows that (1) collecting quantitative feedback before development is feasible, 
(2) the data collected deviates from the original feature prioritization, i.e. it is 
beneficial and (3) the data gives further insight in requirement prioritization 
than a qualitative method could have provided. 

Keywords: Requirements engineering · Customer data · Survey · Mock-up · 
Data-driven development · Case study 

1 Introduction 

In most software development companies, the pre-development is the phase in which 
decisions are taken on whether to develop a feature or not. In this phase, during re-
quirement prioritization, the expected value of a feature is estimated and if the out-
come is positive the feature is developed. There are, however, a number of problems 
associated with this.  

First, the estimated value of a feature is typically based on very limited data that 
can prove whether the estimation is correct. As a result, feature prioritization becomes 
an opinions-based process [1]. 

Second, the estimations that are done in the pre-study phase are typically based on 
limited amounts of qualitative feedback from customers. Data is collected by asking 
customers what they want and by observing what they do and the output is a limited 
set of individual customer opinions and experiences regarding product use. While this 
feedback is valuable, it does not represent a large customer base and it does not reveal 
actual product usage. Ideally, qualitative customer feedback in the pre-development 
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phase should be complemented with quantitative data that confirm individual percep-
tions but this has proven difficult to accomplish [2]  

Third, due to lack of mechanisms to measure feature usage, companies invest in 
developing features that have no proven customer value. Often, and as recognized in 
previous research [3], the majority of features in a system are never, or only very 
seldom, used. This situation could be avoided if accurate data collection mechanisms 
were in place, allowing companies to allocate resources to development with proven 
customer value. 

There is a need to overcome these problems to stay competitive.  The one who 
makes the best prediction (by prioritizing the features with highest value) not only 
wins the market shares but also reduces waste in the development cycle.  However, 
prioritization is a challenging part of the requirement engineering processes since it is 
trying to predict the future. This is especially true in a market driven context address-
ing end-users as customers.  

A number of qualitative prioritization methods are defined in requirement engi-
neering processes. Qualitative prioritization methods are often by nature subjective 
and involve for example guessing or weighing requirements against each other. An 
alternative approach to find the requirement priority is to quantitatively measure 
usage by introducing mock-ups to collect what users find interesting.  

The paper does an assessment if it is valuable to include quantitative prioritization 
methods in the overall requirement engineering process during pre-development. The 
assessment is based on a case study conducted at Sony Mobile Communications Inc.  
We explore data collection techniques that allows for collection of quantitative data in 
the pre-development phase, i.e. before development of a feature starts. The explora-
tion is done by assessing the possibility of pre-development quantitative data collec-
tion as outlined by a specific model for quantitative and qualitative data collection. 
Our research shows that (1) collecting quantitative feedback before development is 
feasible, (2) the data collected deviates from the original feature prioritization, i.e. it is 
beneficial, and (3) the data gives further insight in requirement prioritization than a 
qualitative method could have provided. 

The remainder of this paper is organized as follows. The next section presents the 
background research for this paper. Section 3 describes the problem statements that 
can be addressed via quantitative data collection methods before the start of develop-
ment. Section 4 describes the method used to assess the pre-development phase.  Sec-
tion 5 describes the case study and data collected. Section 6 contains final analysis 
and discussion of the result and possibilities for further work. 

2 Background 

Companies use a range of techniques to collect customer feedback in the early stages of 
product development. In the pre-development phase, techniques such as customer inter-
views, customer observation and customer surveys are typically used to get an under-
standing for customer perceptions of new product functionality [2][4][5][6][7][8].  
Furthermore, mock-ups and different prototyping techniques are common to have cus-
tomers try early versions of the product and for evaluating e.g. user interfaces.  
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Typically, these techniques provide a limited set of qualitative data reflecting individual 
customer needs [2]. In addition, there exist a number of techniques that can be used to 
validate customer needs during the development process, e.g. the HYPEX model [1]. 
Inspired by the 'Build-Measure-Learn' loop as outlined in the Lean Startup literature [9], 
they emphasize the need to build smaller increments of features that can be frequently 
validated by customers to avoid developing features that are not appreciated by custom-
ers. In a number of recent studies [1][10][11], the notion of frequent customer validation 
is described as ‘innovation experiment systems’ in which the R&D organization re-
sponds based on instant feedback from customers. This requires features and products 
with instrumentation for data collection so that product use can be continuously moni-
tored. In this way, companies can learn about customer behaviors on a continuous basis 
and improve their products accordingly.  In addition, and similar to common practice in 
the Web 2.0 and the SaaS domain [12], companies can run feature experiments, e.g. 
A/B or split testing, in which different customer groups receive different versions of the 
same feature and where data is collected to determine which version is the most appre-
ciated one. In [11], this is referred to as the most efficient way to learn about customers. 
According to this author, the faster an organization learns about its customer and the 
ways in which they use the products, the more value it will provide. In [1] the process 
for feature experiments is further elaborated upon, and the authors present the HYPEX 
model, i.e. a process model for initiating, running and evaluating feature experiments. 
Similar to [1], [13] describe this as continuous experimentation and emphasize that 
customer experiment results need to be closely linked to feature prioritization and road 
mapping in order to support a more flexible business strategy. 

As one attempt to capture the wide range of available customer feedback tech-
niques, [2] present a model in which they identify different techniques, the type of 
data that is collected and the development phases in which the techniques are typical-
ly used. They picture the early development stages as characterized by direct custom-
er feedback, and with small amounts of qualitative data being collected. In later stag-
es, and after commercial deployment of the product, companies observe customers 
and use indirect feedback techniques to collect large sets of quantitative data. In on-
going work, and as a way to further detail qualitative and quantitative customer feed-
back techniques, [14] present the ‘Qualitative/quantitative Customer-driven Devel-
opment’ (QCD) model. In this model, qualitative and quantitative customer feedback 
techniques are used to validate hypotheses derived from a backlog representing prod-
uct concepts and ideas. The model suggests an approach in which requirements are 
treated as hypotheses that are continuously validated with customers, and only those 
that prove customer value are fully developed and deployed. 

However, despite a wide range of available techniques, there are few techniques 
that help companies collect quantitative customer data already before investing in 
development of a feature. In what follows, we detail the problems that we encoun-
tered in previous research and in the interactions with companies in the software  
development domain, and we explore techniques that allow for the collection of qua-
litative data also before investing in the idea.  
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3 Problem Statement 

Based on the research presented above, we have identified three problems often oc-
curring in companies developing software-intensive systems. Below we describe each 
problem in more detail. 

3.1 Release Content Cast in Stone 

Most companies use a release model where the feature content for each release is 
decided upon before the start of development. Companies lack mechanisms to conti-
nuously validate feature content with customers, and find it difficult to re-prioritize 
pre-study outcomes. This causes companies to complete the building of features even 
if during development it becomes obvious that the feature clearly doesn’t provide 
value to customers. This causes a sizeable part of the R&D resources to be allocated 
to wasteful activities and deteriorates the competitive position of companies over 
time. 

3.2 Featuritis 

There is evidence that a majority of features are seldom or never used and that cus-
tomers seldom use the full potential of the functionality they receive [3]. Often re-
ferred to as “featuritis” [15], this means half or more of the R&D effort of a company 
is wasted on non-value adding activities. Similar to the previous problem, if competi-
tors manage to have less waste in their R&D activities, over time the market position 
of the company is affected negatively. 

3.3 Everything and the Kitchen Sink 

Although often treated as atomic in research, features can be implemented iteratively 
and to a lesser or greater extent. Engineers often have a tendency to build features 
such that all use cases, exceptions and special situations are taken into account. Often, 
however, the value of a feature to customers is already accomplished after building a 
small part of the feature that provides the greatest value. Further development does 
not lead to (much) more value for customers. However, companies find it difficult to 
decide on when and how to stop building a feature when further iterations fail to add 
value to customers due to a lack of mechanisms for collecting feedback before, during 
development and after deployment of functionality [2]. 

In the remainder of the paper, we present a case study in which we evaluate two 
techniques that help companies validate customer value already in the pre-
development phase before R&D investment has been made.  



62 E. Johansson et al. 

4 Research Method and Process 

The research reported in this paper is based on a case study conducted at Sony Mo-
bile. In our study, we focus on the data collection practices, and especially how to 
collect quantitative data already in the pre-development phase. To study this, and to 
evaluate two techniques that allow for this, we conducted case study research [17][18] 
based on interviews, workshop sessions, participant observations and active interven-
tions in the case company where two of the authors are also employed. As a research 
method, case study research is typically used to contribute to our knowledge of indi-
vidual, group, organizational and social phenomena, and is typically used to explain 
‘how’ and ‘why’ and questions that require an extensive and in-depth understanding 
of the phenomenon [17][18]. Below, we describe how we selected an appropriate 
product and application for our study, and how to assess the data collection practices 
in the pre-development phase. As can be seen below, the first step is to select a prod-
uct and application that meets the requirements to make the assessment possible. The 
second step is to identify what aspects of the pre-development phase the assessment 
should target. The final step involves how the assessments are performed and eva-
luated.   

4.1 Choice of Product and Application 

The choice of product landed on Sony Xperia™ phone and a specific Android appli-
cation. This choice of product and application has been governed by compliance with 
three main requirements. 
1. Large number of interactions with end consumers 
2. Main assumption and statistics is that people using the app are first time users.  
3. Possibility to change the feature set for selected users by showing a mock-up of 

a new feature set. 
Requirement 1 targets the external validity [16][17] of the study. External validity 

refers to how well data and theories from one single case study can be generalized. 
Requirement 2 targets the internal [16][17] validity of the study. Internal validity 
refers to how well the case study is designed to avoid confounding factors. A con-
founding factor can be described as possible independent variable causing the effect, 
rather the variable concerned in the case study. 

Requirement 3 targets the technical aspects of the android applications. The chal-
lenge was to create a mock-up of an existing application and replace the application in 
the already deployed product. 

4.2 Assessment of Pre-development Phase 

Two aspects of the pre-development phases are within the assessment scope of the 
case study. These two aspects are: 
1. How well can we rely on pre-development quantitative data? 
2. Is it possible to use pre-development quantitative data to give input to the hypo-

thesis used for further experimentation?  
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By exploring the result from three data sets an assessment can be made of how 
valuable quantitative data collection in pre-development phases. One data set (FS-I) 
collects data from the real customer usage, the second data set (FS-II) is collected 
through a on-line survey on the web and the third data set (FS-III) is collected by 
mockup of the application presenting possible features considering the branding and 
name of the application.  The criteria for giving a positive assessment result for aspect 
1 is if the mockup (FS-III) and real application (FS-II) show similar pattern in cust-
omer usage for similar features. The criteria for giving a positive assessment result for 
aspect 2 is if new, edited, deleted hypothesis are elicited with use of the data collected 
(FS-II and FS-III). 

5 The Sony Mobile Case 

The case study has been performed at Sony Mobile Communications Inc. (Sony Mo-
bile). Sony Mobile is a wholly owned subsidiary of Tokyo-based Sony Corporation, a 
leading global innovator of audio, video, game, communications, key device and in-
formation technology products for both the consumer and professional markets.  Due 
to confidentiality reasons we cannot reveal the actual application. However, we can 
provide the following base data: The application was first deployed to live users in 
January 2013 and at present it is available in approximately 40M devices globally. 
With a few exceptions, the application is shipped with every mobile phone and tablet 
that Sony Mobile ships. Every month the application is in use approximately 3.5M 
times where every use on average involves three main use cases. The original applica-
tion provides 4 + 1 features (see description of feature set one (FS-I) below) where 
each feature requires two to five interactions in the normal case and based on col-
lected data we know that the application has approximately 9,5M interactions per 
month. The use of the application is consistent over the year and does not show e.g. 
seasonal variations or variations due to product releases. The application is considered 
to be one of the base line applications delivered with Sony Mobile products. 

5.1 Application Features 

In order to not break confidentiality we have coded the available and possible features 
into feature types (FT) and enumerated these from FT01 to FT12. Of particular interest 
for this study are the “no feature” id est users that are not using the application for any 
particular reason, rather just exploring the application. This feature was added to Feature 
Set II and Feature Set III. The “nothing feature” is enumerated as FT13. 

Throughout this study we have used three methods to capture what the user really 
wants to use; actual usage, survey and mock-up. Due to limitations, technical possibil-
ities and semantic limitation in the three methods all features could not be made 
available in all three methods. Instead a selection had to be made. An explanation of 
what features were selected in respective feature set follows. 
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5.1.1    Feature Set I – (FS-I) 
The first feature set to be evaluated is what was actually deployed in the first version 
of the application. The application itself contains a tracking mechanism that collects 
usage data into Google analytics. Hence the data was readily available for our study.  

During the measured time frame the application was used 3.652.796 times. The 
application did at that time present four main features (FT01 - FT04) as well as a less 
prominently displayed feature (FT05). During that period the features were used a 
total of 2.618.513 times. All other usage of the application a total of 1.034.283 are 
considered to be in FT13 group (no usage/nothing group) 

Expressed as percentage of usage the distribution of the six identified feature types 
looks like in Table 1 below: 

Table 1. Response distribution FS-I 

Feature Relative Usage 

FT01 28,56% 
FT02 21,53% 
FT03 11,49% 
FT04 6,79% 
FT05 3,31% 
FT13 28,31% 
Total 100,00% 

5.1.2    Feature Set II – (FS-II) 
As we were looking to extend the feature set for the product, but wanted to collect 
quantitative data on the customer needs we employed two techniques. The first, a 
survey, is discussed in this section. The second, a mockup, is discussed in the next 
section. 

The second feature set to evaluate is what users answers when prompted in a sur-
vey. Users visiting a specific site were randomly selected to answer a survey about 
their reason for using the application. A total of seven (7) different features where 
selectable and only one answer could be given. The question was formulated as 
“What is the primary feature you are looking for”, thereby forcing the user to give a 
distinct answer even if the user had several reasons for using the application.  

The selectable features were basically the same as in the original application how-
ever the least prominent feature (FT05) was not included and two more features 
(FT06 and FT07) were possible to select. However FT01 through FT04 were selected 
to be same as well as the nothing feature (FT13). This slight separation between fea-
tures was necessary in order to be able to present the various features in a sensible 
manner and not making it obvious to the user that additional data was collected so that  
we could get a clear user aware set-up. A total of 119.370 survey answers were  
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collected during one month. The answer relative distribution can be seen in Table 2 
below.  

Table 2. Response distribution FS-II 

Feature Relative Usage 
FT01 24,39% 
FT02 33,55% 
FT03 11,62% 
FT04 13,09% 
FT06 1,77% 
FT07 2,50% 
FT13 13,07% 
Total 100,00% 

5.1.3   Feature Set III – (FS-III) 
Based on the two first feature sets, basically collected from existing data and/or with-
out modifying the actual application it was seen that additional features could be poss-
ible candidates for further development. In line with the HYPEX model [1], we de-
signed a new version of the application as a mockup that would allow for serving a 
very large number of features. Imperative was that the new design should be the mi-
nimal (least expensive/requiring the least effort) viable feature (MVF). In order to 
find possible features, in addition to the existing (FS-I) and the ones found when 
doing the survey (FS-II) a third feature set FS-III was constructed. To find additional 
possible features, similar applications from other manufacturers were surveyed. The 
features FT08 through FT12 were added. FT06 had to be excluded from the applica-
tion due to its nature and in the context of the application it was too similar to FT07. 
In the choice between FT06 and FT07 it was judged that FT07 was a better match. 

The application was modified to present the newly designed feature set and in or-
der to keep the development and implementation as minimal as possible but still via-
ble for use the underlying functionality was strictly limited, in fact so much that it just 
barely resembled the promised feature. To mitigate the risk of causing damage to the 
product extra work was put into making sure that any given user would be exposed to 
the new design only once. 

As we presented a much larger feature set in the mockup and rather than imple-
menting each feature, by and large linked to existing features or served rather simple 
screens, we view this as a pre-development activity as the features are not actually 
developed. Rather the mockup was “inserted” in front of the normal application and 
linked to existing functionality where possible. 

The new design of the application forced the user to make a selection upfront leav-
ing out all other elements of the application at this stage. The order in which the fea-
tures were presented was randomized in order to avoid the risk of the user selecting 
e.g. the first or last feature. 
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The prototype was launched into production for a period of 10 days, during this time 
we collected 34.393 interactions. The relative distribution of answers is shown in table 3 
below. 

Table 3. Usage distribution FS-III 

Feature Relative Usage 
FT01 27,08% 
FT02 9,68% 
FT03 9,79% 
FT04 4,20% 
FT05 4,57% 
FT07 6,57% 
FT08 8,90% 
FT09 8,42% 
FT10 3,63% 
FT11 3,43% 
FT12 2,26% 
FT13 11,46% 
Total 100,00% 

5.2 Feature Set Usage Description 

In the previous section, we introduced the features that were used for the baseline 
activity, the survey approach and the mockup approach. In this section, we present in 
more detail the usage of features for each approach and indicate relevant aspects of 
each step in our research process. 

5.2.1 Feature Set – I (FS-I) 
Looking at FS-I, with its limited number of features FT01, FT02 and FT13 together 
amounts for almost 80%, noting as well that the nothing feature (FT13) is almost as 
large as the real feature FT01, 28,31% for FT13 as compared to 28,56% for FT01. 
FT05 in FS-I is the feature that has a less prominent display in the application that 
could explain its very low usage (3,31%). 

 
Fig. 1. FS-I Relative distribution of feature usage 
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5.2.2 Feature Set – II (FS-II) 
In FS-II where the user was asked to actively participate in a survey the distribution of 
answers can be illustrated in figure 2.When asked the users appear to favor FT02 
though the difference to FT01 is not that large. Looking at the graph it may appear 
such that the features group (FT01 and FT02, FT03 and FT04, FT06 and FT07), how-
ever looking at the underlying features no such grouping makes sense and this group-
ing is random rather than a true correlation. To our surprise FT013 stands out in this 
feature set as well: even in a survey, users of the app were willing to indicate that they 
were not looking for anything in particular. 

 

Fig. 2. FS-II relative distribution of feature type usage 

5.2.3 Feature Set – III (FS-III) 
Using the mock-up application, the large number of available features seems to have 
leveled out the choice users make, though FT01 as well as FT13 stands out. The rela-
tive usage is depicted in Fig 3 below.  

 

Fig. 3. FS-III relative distribution of feature usage 
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5.3 Feature Comparison Between Collection Methods 

Looking at the differences between the three methods it can be clearly seen that the 
results match well between the various methods. The overall distribution is depicted 
in Fig. 4. below. In all three collection methods, FT01 and FT13 have high usage. An 
obvious conclusion from this is that carefully selecting the feature to put first as well 
as designing a good user experience for users that arrive at the app without a clear 
goal in mind is particularly important. When a wider selection is available as in FS-III 
the user preference for the other features is more nuanced and requires more careful 
interpretation of the data. For instance, the selection frequency for FT02 and FT04 is 
very different for the survey and the mockup. As the survey asks customers explicitly 
for a choice, the technique measures what users say they want.  The mockup, on the 
other hand, is concerned with measuring what users will actually do in practice. The 
latter is obviously more relevant but understanding why the gap between espoused 
and enacted behavior in users exists is important for product management and R&D 
to understand.  

 

Fig. 4. Comparison of the feature types between the feature sets 

6 Analysis and Discussion 

6.1 Assessment of Aspect 1 
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Table 4. Feature usage in usage order 

FS-I FS-II FS-III 

FT01 FT02 FT01 

FT13 FT01 FT13 

FT02 FT04 FT03 

FT03 FT13 FT02 

FT04 FT03 FT08 

FT05 FT07 FT09 

 FT06 FT07 

  FT05 

  FT04 

  FT10 

  FT11 

  FT12 

6.2 Assessment of Aspect 2 

Interviews have been held with senior staff members at Sony Mobile. The scope of 
the interviews has been to study and compare the different data set to evaluate if hy-
pothesis can been elicited. These hypotheses would be candidates to populate new, 
edit or delete hypotheses to be used as experiments in the product development.  The 
result of the interviews is that it was possible to elicit hypothesis. The following hypo-
theses were elicited. FT07, FT08, FT09 are not available in existing application (FS-
III) and have a relative high usage percentage in the mockup. Therefore they are con-
sidered valid entries to the hypothesis backlog as additional features.  FT10 has a low 
usage rate in the mockup and the hypothesis is that there are a number of better fea-
tures to invest in. FT13 is a special case since it defines a usage where the customer 
opens the application but does not take any actions. A hypothesis is that there is an 
opportunity to capture this kind of users and turn them to active users within the ap-
plication. 

6.3 Discussion 

In this paper, we present a case study conducted at Sony Mobile in which we explore 
the feasibility to collect quantitative customer data also before development starts, i.e. 
in the pre-development phase. While this has proven difficult, we evaluate two tech-
niques that allow for assessment of whether a feature is worthwhile developing or 
whether R&D resources should be allocated somewhere else. Our case study shows 
that collection of quantitative data in the pre-development phase is both feasible and 
useful in the feature prioritization process, and that this data is also reliable. In addi-
tion, the combination of techniques where users are aware that they are asked for 
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input (espoused behavior) [19], and techniques where enacted user behavior is cap-
tured provides for valuable insight in to the difference between the two. This allows 
for further hypothesis development to explain the gap between espoused and enacted 
behavior.  

In our study, the frequent use of the “do nothing” feature indicates that there are 
additional opportunities to engage users than the basic “select a feature” functionality. 
As the user opened the app without a clear goal in mind, the app can propose and 
nudge users to engage with the app or other Sony Mobile applications, as the user 
almost seems to expect the app to take the initiative. These types of insights, i.e. those 
user behaviors that are not necessarily captured by qualitative data collection tech-
niques, are extremely valuable for product managers and R&D teams. Also, if these 
can be captured already before development starts, as shown in our study, product 
managers and R&D teams can act pro-actively and, if needed, re-prioritize feature 
content. 

Finally, there are a number of opportunities for further study that we are consider-
ing, especially concerning the empirical design. For example, expanding the analysis 
to more applications, and other types of applications, making the feature sets in pre-
development more comparable by using same number of features. Also, we plan to 
assess other pre-development quantitative methods.  
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Abstract. IT service organisations are cognisant that continual service im-
provement can be achieved by conducting regular process assessments. Howev-
er, such assessments are expensive and so we have developed a Decision Sup-
port System (DSS) tool which uses the international standard for process as-
sessment ISO/IEC 15504 to offer a transparent and efficient approach. This pa-
per provides evidence of evaluation of this software-mediated process assess-
ment (SMPA) approach which was based on ISO/IEC 15504, ISO/IEC 20000 
and the IT Infrastructure Library (ITIL®). In a usability evaluation of the online 
tool, participants reported largely positive experiences finding the online survey 
easy to use trustworthy, comfortable, generally effective, and more transparent 
and less costly to implement than a manual assessment. However, to engage in 
process improvement, human judgment, and possibly expert assessment facili-
tators are necessary for assessment validation and improvement, that is, a fully 
automated online survey that is strictly standard-based is not very useful. Fur-
ther clarification of the survey questions with relevant examples, clearer answer 
options and having more visible goal statements on every question page were 
suggested. 

Keywords: ITSM process assessment · ISO/IEC 15504 · Evaluation · IT service 
management · Process improvement 

1 Introduction 

The increasing role of IT Service Management (ITSM) in facilitating business re-
quires continual improvement of IT service processes [1]. In the current ITIL frame-
work, Continual Service Improvement (CSI) has been proposed as an important ser-
vice lifecycle phase. CSI emphasises that there should be an ongoing effort to identify 
opportunities for improvement in ITSM processes [2]. The CSI concept further 
stresses that “continual assessment” is important to identify improvement opportuni-
ties for all processes [3]. In performing CSI activities many organisations have 
adopted process assessment techniques that employ a systematic measurement of 
processes [3]. The measurement results are then used to determine the capability of 
each process and monitor improvements. 
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An alternative to reliance on expensive consultants with proprietary process as-
sessments is for the organisation to carry out a standard process assessment itself 
using software tools that may be integrated with a knowledge base of ITSM best prac-
tices. To explore this alternative, we developed a novel approach for ITSM: Software-
mediated Process Assessment (SMPA). The SMPA approach is a standards-based 
process assessment approach by which organisations can self-assess their processes 
using a DSS tool to determine process capabilities. A decision support system (DSS) 
tool facilitates the SMPA approach to collect data for process assessments and ana-
lyses process capabilities to recommend process improvements. 

To lend objectivity and consistency to the SMPA approach, its activities are 
aligned with the international standard for process assessment: ISO/IEC 15504 [4]. 
The application of the standard in ITSM is relatively new [5]. An exemplar process 
assessment model for ITSM has been published as a part of the international standard 
for process assessment [6]. This paper illustrates results and evaluation of the SMPA 
approach for ITSM. 

Before a detailed account of the evaluation, we briefly explain the relevance of the 
SMPA approach in ITSM. ITSM is a service-oriented IT management framework that 
advocates best practice IT service processes based on IT Infrastructure Library 
(ITIL®) and the international standard for ITSM ISO/IEC 20000 to ensure that IT 
delivers quality service to businesses. The design and architecture of the SMPA ap-
proach was previously published [7]. 

One of the challenges in the ITSM industry is the lack of uniformity and transpa-
rency in the way IT service processes are assessed for improvement [3]. Existing 
ITSM process assessment frameworks such as Tudor’s IT Process Assessment [1], 
CMMI for Services process appraisals [8] and ITIL Assessment Services [9] use pro-
prietary assessment models and follow indistinct assessment activities. The issue of 
transparency is therefore a significant hurdle in conducting an objective process as-
sessment. The SMPA approach, being software-mediated, uses an online survey tool 
to collect process assessment data. 

Moreover, process assessments are conducted by expert assessors by gathering a 
variety of objective evidence such as documents and interviews of process stakehold-
ers [4]. Efficiency can be achieved in process assessments since a number of process 
assessment activities can be automated with the use of a survey with questions aligned 
to the standard assessment model in order to collect data from process stakeholders 
instead of conducting interviews. This approach can translate to significant cost sav-
ings from not using expensive assessors and consultants while enabling repeated self-
assessments for IT service organisations. 

While most of the existing process assessments rely on process-specific indicators 
that demonstrate objective evidence of process capabilities, the SMPA approach faci-
litates a top-down approach where assessment at each level of process capability is 
conducted through online surveys. In the SMPA approach, explicit questions based on 
the standard indicators are presented. Every question is rated using the scale: “Not”, 
“Partially”, “Largely”, “Fully” and “Not Applicable” as defined in the standard. All 
responses for survey questions are stored in order to calculate process capability 
scores. Rather than the assessment team making a subjective choice of the testimony 
of process stakeholders, the online survey collects and objectively measures[10] feed-
back from the process stakeholders directly from the responses to the questions. The 
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approach of asking questions directly in a web-based survey environment represents a 
faster and more efficient data collection method compared to assessment interviews 
[10]. Figure 1 shows the structure of the SMPA approach. 

 
Fig. 1. Structure of SMPA approach 

A literature review on ITSM process assessment is presented next to articulate the 
research problem. Research methodology is then discussed before a detailed account 
of the design and development of the SMPA architecture. Finally the conclusion sec-
tion discusses the role and value of the SMPA approach that is supported by the ap-
plication of ISO/IEC 15504. 

2 Literature Review 

2.1 ITSM/SPICE/ITIL 

The literature associated with ITSM process assessment is rooted in the concept of 
service and quality. Existing work on IT service quality has looked to the service 
marketing literature and focused on adapting the SERVQUAL instrument [11] to the 
context of IT service. Research on IT service quality has largely focused on user satis-
faction measures while there is limited research related to processes [12].  

While it is a widely-agreed concept that service quality is ultimately determined by 
what the customer perceives, service providers should also strive to improve their 
processes. Organisations can conduct customer satisfaction surveys to assess the out-
come of the service provision. However this is unlikely to assist service providers in 
improving their processes [13]. There is a need for organisations to redefine their 
ITSM processes to manage IT service quality [12]. Existing literature on IT service 
quality in terms of processes has shown a lack of research on this topic [14].  

Measuring IT services is a challenging feat that requires both quantitative and qua-
litative metrics based on diverse service quality measures such as IT service quality, 
information systems quality, process quality, customer satisfaction, service value and 
service behaviour [12]. Few studies provide methodological guidance on an approach 
to determine process quality measures. A self-assessment methodology based on 
business excellence models and Six Sigma process improvement techniques used 
ITIL maturity assessments [9] for several ITIL service delivery processes. However 
several critical flaws in the assessment approach were reported, such as surveys with 
compound questions that allowed only a “yes” or “no” response [15]. 

Using ITIL processes and the international standard for process assessment 
ISO/IEC 15504, evidence of repeatable and objective improvement in IT service  
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quality has been reported [7]. Extensive work on the combination of ITIL and 
ISO/IEC 15504 led to the development of a popular ITSM process assessment ap-
proach called Tudor’s IT Process Assessment (TIPA) [1]. TIPA has been promoted as 
a commercial framework for ITSM process assessment [19]. 

ITSM process assessment approaches are discussed as best practice guidelines in 
the IT industry. Many of the solutions offered for ITSM process assessment are com-
mercially available (for example, ITIL assessment services or Pink Elephant). These 
services can be considered as a black box since the rationale behind the assessment 
activities is not fully disclosed. Moreover, due to proprietary assessment processes, 
inconsistent outcomes from different assessment services hinder comparisons. Non-
ITIL approaches such as CMMI for Services or eSCM for service providers have 
transparent models and methods but lack DSS support in order to conduct process 
assessments. 

Based on the academic literature review and existing industry practices, the two 
key problems of lack of transparency and lack of efficiency in ITSM process assess-
ments are apparent. Addressing transparency and efficiency are two major challenges 
of process assessments [3]. These challenges are taken into account in the design of 
the SMPA approach.  

2.2 Evaluation in Design Science Research 

Rigorous artefact evaluation primarily assesses two aspects: if the artefact causes a 
significant improvement; and if the artefact works in a real situation [17]. The Design 
Science Research (DSR) research methodology [18, 19] has the primary goal to de-
velop and evaluate a new artefact. The IS design theories [20] or design principles 
[21] provide rigorous theoretical insights to evaluate the utility of DSR artefacts. A 
design theory can govern DSR based on several extant methods, such as the kernel 
theories [22, 23]; case studies [24] or systematic literature review [25]. By conducting 
a rigorous artefact evaluation, the design theories can be supported or critiqued. As a 
result better utility artefacts can be designed [26]. 

In their DSR methodology, Peffers, Tuunanen [27] suggested two steps for rigor-
ous DSR evaluation: (1) Demonstration of how the artefact is implemented in a feasi-
ble manner; and (2) Evaluation to assess how well the artefact works. 

A prominent DSR evaluation strategy should consider the “what, how, and when” 
aspects of evaluation design [28]. This led to the development of a DSR evaluation 
strategic framework which was later expanded by Venable, Pries-Heje [26]. This 
widely cited DSR evaluation strategic framework provides extensive evaluation de-
sign options for a DSR researcher to follow. The research methodology used to eva-
luate the online survey is discussed next. 

3 Research Evaluation Methodology 

The DSR methodology is the underpinning research methodology applied for the 
development and evaluation of the SMPA approach. DSR methodology is outcome-
oriented and thereby provides guidelines for development and evaluation of research 
artefacts that contribute to specific bodies of knowledge. The six DSR methodology 
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steps [29] were followed in the research: problem identification and motivation, ob-
jectives of a solution, design and development, demonstration, evaluation, and com-
munication.  

Evaluation of the SMPA approach was organised based on the evaluation strategy 
advocated by Pries-Heje, Baskerville [28]. The DSR guidelines proposed by Hevner 
et al. [18] were also followed in an ex-post, naturalistic evaluation conducted at an IT 
service organisation. In order to assess if the SMPA approach has utility in a real 
organisation, it was essential to ensure that the survey approach was usable. There-
fore, usability was determined as the key evaluation factor. The concept of usability 
as defined in ISO/IEC 25010 software quality in use model [30] was applied to eva-
luate five quality factors of the online survey: effectiveness, efficiency, usefulness, 
trust and comfort.  

4 Assessment Results  

The assessment survey was trialled in October 2013 at the IT service department of an 
Australian local government authority, Toowoomba Regional Council (TRC). TRC 
relies on ICT tools to support the delivery of services 24 hours a day, all year round. 
TRC has identified a number of initiatives in its recently adopted ICT Strategic Plan 
[31] such as customer contact management; unified communications; eBusiness solu-
tions for improved online accessibility of council information; spatial information 
services for improved web mapping services; and business architecture improvements 
including mobile works and self service solutions. 

With the help and support from the assessment facilitators and assistance from the 
survey tracking functionality of the DSS tool, assessment data collection using sur-
veys was completed by early November 2013. The assessment report was provided to 
TRC in the first week of December 2013 and the evaluation performed with focus 
groups and interviews of TRC staff from November 2013 to January 2014. The analy-
sis of the evaluation data was completed mid May 2014. 

Three IT service processes were assessed at TRC: Problem Management (PrM), 
Change Management (ChM) and Configuration Management (CoM). The assessment 
profile generated for the three processes selected for assessment is provided in Table 
1. Each attribute received 9 or 10 survey responses. 

Problem Management achieved CL1 due to its rating score of “Largely” (L) at 
PA1.1. The other two processes were “Partially” (P) at PA1.1 suggesting that they are 
at CL0. The majority of the rating scores for all processes demonstrated a weak relia-
bility score (six “Poor”, 18 “Medium” and only three “High” reliability scores). This 
meant that survey respondents were not consistent in their answers and responses 
were varied. Moreover, most of the rating scores were "Partially" (P). There were two 
“Largely” (L), only a single “Not” (N) and none of the rating score achieved “Fully” 
(F) at any of the process attributes. This demonstrates relatively meagre process capa-
bility levels for the three processes assessed. 
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Table 1. Assessment Profile for Processes at TRC  

 Level 1 Level 2 Level 3 Level 4 Level 5 

Profile PA1.1 PA2.1 PA2.2 PA3.1 PA3.2 PA4.1 PA4.2 PA5.1 PA5.2 

PROBLEM MANAGEMENT (PrM)

Process  
attribute  

L P P P P P N P P 

Reliability  HIGH MED POOR POOR MED MED MED MED MED 

CHANGE MANAGEMENT (ChM) 

Process  
attribute  

P P P P L P P P P 

Reliability  MED MED MED POOR HIGH MED MED MED MED 

CONFIGURATION MANAGEMENT (CoM) 

Process  
attribute  

P P P P P P P P P 

Reliability POOR MED POOR POOR HIGH MED MED MED MED 

5 Evaluation 

A focus group was organised at TRC to evaluate the usability of the online survey 
phase in the SMPA approach. The discussion with nine participants was recorded and 
later transcribed to enable qualitative data analysis. Since all participants of the focus 
group discussion had completed the assessment surveys, it was interesting to note the 
inconsistencies and variations that existed among the participants in terms of their 
experiences and attitudes towards the usability of the online survey.  

The standard definitions were transformed to operational definitions of usability 
characteristics to align their meaning to specific contexts of use for the evaluation of 
the survey approach as shown in Table 2. 

Table 2. Operational definitions of usability characteristics for evaluation of online assessment 
survey 

Usability  
Characteristics 

Operational definition 

Effectiveness Accuracy and transparency of the online assessment survey 
Efficiency Time, cost and resources required for the online assessment 

survey 
Usefulness Representative and understandable assessment questions to 

answer by using online assessment survey 
Trust Confidence in validity of the online assessment survey 
Comfort Ease of using online assessment survey 
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Survey participants in different roles commented on the usability of the survey ap-
proach based on their context of use. The data were analysed by reviewing focus 
group discussion transcripts for themes or patterns related to the five software quality 
in use characteristics. Maintaining privacy of the individuals who participated in this 
research was an ethical consideration. To protect individual identities, survey partici-
pants are referred to by each individual’s most relevant process role: process manager 
(PM), process performer (PP) or external process stakeholder (EPS). These process 
roles are standard IT service roles endorsed in the ITSM community [1].  

A summary of the evaluation results based on discussions and interview responses 
on each software quality in use factor is provided as Table 3. 

Table 3. Summary of TRC online assessment survey evaluation results 

Usability 
characteristic 

No. of key 
comments 

Selected key comments 

Effectiveness 
 x 14  
 x 4 
 x 2 

PrM-PM1: You’ve got the bigger data set – more 
reliable data. If you have an outliner, you don’t 
skew your results. People may be more honest. 
PrM-PP2: That whole subjective nature where it’s 
one person deciding, based on what everybody has 
said, what the score is ... makes [manual]assessment 
dependent on the skills of that person. Survey over-
comes this challenge. 
PrM-EPS2: I think two different versions of the 
responses based on the group: e.g. managers say 
something and performers say something else will 
be very interesting – something that the software can 
easily do. 
CoM-PM1: Some of those examples, I thought, 
were slightly irrelevant. 

Efficiency  x 6 

PrM-PM1: the software system has the advantage 
of giving you a really wide data set. So you can 
survey 5 or 50 people with no added cost. Also that 
you don’t have to have them in a room. 

Usefulness 

 x 15 
 x 3 
 x 1 
 

PrM-PM1: I found some of the questions quite 
confusing and ambiguous. 
CoM-PP4: Some of terminology used in there, 
depending on the way the question was asked, I 
think meant different things, to different people. 
CoM-EPS4: Answer options didn't seem to be 
customised to the question; to the result of the ques-
tion. The seemed to take a generic approach. 
PrM-EPS2: the questions are structured well, 
there are relevant examples and so on 
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Table 3. (Continued) 
 

Trust 
 x 3 
 

PrM-PM1: We could say six months after, let’s do 
that again. The logic seems valid and reliable. 

Comfort 
 x 7 
 x 1 

CoM-PM1: As far as the page layout, it sort of let 
you know how you were progressing, the colours, 
the font and the general interface … was excellent. 

 indicates the usability characteristic was strongly supported in a comment 
   indicates the usability characteristic was not clear or a neutral position was taken 
   indicates the usability characteristic was strongly opposed in a comment 

 
In terms of the evaluation of accuracy and transparency of the online assessment 

survey, there were greater positive comments (70%) in comparison to negative com-
ments (20%) based on the feedback from survey respondents, therefore the survey is 
considered effective. Process stakeholders suggested that the online survey is very 
objective and that it deters bias from group dynamics in the assessment process and 
outcome. For example: 

“I think it’s more objective using a software tool compared to an external 
assessor coming in and listening to what you say and then say ‘Mmmmm I 
think I’ll probably give that one a largely or a fully score!’ ” (ChM-PM1) 
“And to a degree, the group dynamics, where you don’t just have one person 
dominating the conversation [in manual assessments], whereas the survey 
tool gives you a say.” (PrM-EPS2) 

The ability to easily conduct the survey in-house with a larger number of people 
was one of the highlights demonstrating effectiveness of the survey approach: 

“I suppose the beauty of this is that you can do these things in house. You 
can pick these three processes and see what comes out at level 1. Few weeks 
later, see what to do to get these to level 2. You’ve got that control over it. 
Rather than organising for someone to come in and do it for you.” (ChM-
PM1) 
“We have an advantage that we are all in one geographic location. Whereas, 
other organisations wouldn’t have the luxury of getting everyone together, if 
they were really dispersed. I mean, that’s the way you work. The software 
tool is the only way to do it then.” (PrM-EPS2) 

However a few disadvantages of the survey approach highlighted the risk of differ-
ent interpretations of the same question by survey respondents if the questions were 
not clear. For example: 

“Survey result is likely to be much skewed because of my interpretation of 
the questions, as the survey went on, it changed.” (PrM-PM1) 

In terms of efficiency, there was overwhelming support for the online survey that it 
takes less time, cost and staff resources to conduct in comparison with the manual 
assessment. There were no negative comments about the efficiency of the online sur-
vey. Process stakeholders suggested that the survey would be a better return on in-
vestment and cost effective to operate. For example:  
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“the survey is probably a better return on investment because you are not 
taking up everyone’s time all at once.” (PrM-EPS2) 
“I would imagine it [survey] would be cheaper to do rather than have some-
one [assessor] across the table for that amount of time.” (PrM-PM1) 

The usefulness of the online survey in terms of clarity of the questions had largely 
negative comments (78%). There were many comments regarding repetitive, ambi-
guous and confusing questions and the terminologies used. Since TRC undertook the 
assessment up to CL5 and a single process stakeholder often had multiple surveys for 
different roles, it must have compounded the issue. Interestingly no one complained 
about the application of the standard to the survey. Process stakeholders at TRC 
thought it was useful that the questions were strictly aligned to the standard but they 
were fatigued with the number of questions. For example: 

“There seemed to be a fair bit of repetition in the questions.” (PrM-PP2) 
“I am confused. I am supposed to be looking at this from this viewpoint, now 
it seems to be the other way around. How do I answer this?” (ChM-PP3) 
“Lots of questions that seemed to be almost the same as the questions you 
did. That was where I struggled a little bit.” (CoM-PM1) 

In comparison with the manual assessment, the usefulness of the online survey was 
negative because of the lack of support to clarify the survey questions. For example: 

“With a person on the other side of the table, you could ask a question … ‘do 
you mean this?’. An assessor would have gone across the ambiguity of the 
questions. You can get that interpretation that you don’t get with online sur-
vey.” (PrM-PM1) 
“Plus it’s the interaction [in manual assessment]; it’s a group of people, so 
you’re all talking about the topic. So, you fairly quickly get it right, or get it 
corrected.” (CoM-PM1) 

However a few process stakeholders suggested that the questions are indeed  
structured since they are aligned to a standard and once you understand the overall 
structure, the survey was useful. For example: 

“Once you locked into what was being asked and how it was being pre-
sented, then it became a lot easier to answer the questions.” (CoM-PP4) 

The three comments regarding the trustworthiness of the online survey were all 
positive. Survey participants suggested that the survey is dependable and can encour-
age more truthful answers: 

“They kind of think that they are not being watched. I can answer truthfully 
here because I’m not going to get in trouble – that kind of thing. It gives you 
a voice. I mean, you can be anonymous with a survey and not worry that 
your boss is sitting next to you.” (PrM-PM1) 
“If that’s a repeatable process, you are going to get a clear measure as to 
whether you have improved. With the tool we can depend on it to survey in a 
consistent manner.” (CoM-PM1) 

Finally, the vast majority of comments were positive in terms of the ease of use of 
the online survey. Almost all survey respondents were happy with the interface and 
the sequencing of the questions. For example: 

“The interface. I liked that and the presentation. We had just started using 
SharePoint and it felt very familiar. It felt 'sharepoint-ish'. It was very clean. 
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Some surveys you get, you are hunting – ‘what would I do, where I was?’ 
This one was very direct and very well laid-out.” (PrM-EPS2) 

There was one stand-out negative comment that the convenience of the survey may 
be ironically a disadvantage since completing the survey is not given priority: 

“The interface and convenience though about being able to do it easily in 
your own time, at your own desk, it is a disadvantage because you don’t have 
a set time that you are focussed on this. You’ve got distractions of people 
coming up, and then get side tracked on something else.” (CoM-EPS4) 

In summary, participants reported that they found the online survey easy to use and 
largely agreed that a self-assessment experience answering direct questions made the 
exercise more transparent and less costly to implement than a manual assessment. 
Moreover a tiered approach was recommended, wherein the SMPA approach could be 
used first to get an overall understanding of process capabilities. Afterwards, to en-
gage in process improvement, human judgment is necessary for assessment validation 
and improvement based on results. Further clarification of the survey questions with 
relevant examples, clearer answer options and having more visible goal statements on 
every question page were suggested. 

6 Conclusion 

In terms of the immediate outcome of evaluation, participants reported that overall 
they found the online survey for assessment was trustworthy, comfortable and gener-
ally effective. Positive comments were also recorded regarding efficiency of conduct-
ing online surveys for assessments. However discussions led to a conclusion that a 
fully automated online survey that is strictly standard-based is not very useful. It was 
discussed that human input is critical for the facilitation of online assessment surveys 
in order to clarify survey questions with relevant examples when needed. It was also 
recommended that measures should be taken to provide assessment support through 
expert assessment facilitators, online discussion forums and/ or help screens. It was 
also noted that all questions do not apply well to the processes and there is a need to 
provide clearer answer options and better allocation of some questions to relevant 
process roles. 

We have reported the assessment results and the evaluation of the SMPA online 
survey. The evaluation was based on the usability of the DSS tool that supports the 
SMPA approach. This paper has focused on the evaluation of one aspect of the SMPA 
project. Further work was also undertaken and will be disseminated regarding the 
evaluation of the process selection method, SMPA facilitator dashboard, assessment 
report, technical platform, design process, relevance to industry, alignment to 
ISO/IEC 15504 standard and alignment to DSR guidelines. With the current evolution 
of the ISO/IEC 15504 standard to the ISO/IEC 330xx family [32], modification of the 
survey engine and the knowledge base to reflect appropriate new process capability 
assessment models will be required; however there is no concern that the changes will 
be extreme. Further trials of the assessment survey for roll out and uptake of the 
SMPA approach in different organisations are planned. 

The SMPA approach requires respondents to answer assessment questions based on 
the process indicators from the ISO/IEC 15504 PAM. A limitation of this approach is 
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that some respondents might have unrealistic perceptions about their process activi-
ties. A more rigorous ITSM process assessment approach would involve the review of 
process input and output documents (work products) as instructed in the ISO/ IEC 
15504 standard. Another limitation of this research is the ability of the DSS to assess 
only four ITSM processes. The case study in this research also has certain limitations. 
First, regarding internal validity, evaluation data were collected using qualitative re-
search methods only. Moreover, a recognised limitation of the qualitative case study 
approach is the lack of ability to generalise the findings. 

The SMPA approach is not intended to replace a formal conformity assessment. 
However organisations could use this approach when the focus is not on the precision 
but on a consistent approach to measure process improvements. The SMPA approach 
could also be used by assessors in a formal appraisal environment to collect evidence 
to determine process capability and maturity. 

In closing, we suggest that the SMPA approach provides an opportunity for auto-
mation and transparency in the way process assessments are conducted. Beyond the 
discipline of service management, the SMPA approach could be applied to other do-
mains where a process assessment model is available. Using the SMPA approach, a 
compliant process assessment model can be used to develop survey questions. Like-
wise, process improvement recommendations can be generated based on industry best 
practice guidelines such as ITIL® in our case. With the expanding significance and 
reach of the ISO/IEC 15504 standard and the recently published first batch of the 
ISO/IEC 330xx family, the SMPA approach can be applicable for process assess-
ments in any discipline that comprises a compliant assessment model. 

 
Note. ITIL® is a Registered Trade Mark of AXELOS Limited. 
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Abstract. The SPICE frameworks (ISO/IEC 15504 series and ISO/IEC 33000 series) 
and their conformant process models including CMMI® as well as assessment/appraisal 
methods have greatly evolved in the past two decades, and benefits of using them have 
been reported. On the other hand, however, the effects of using those frameworks or 
models are not necessarily easily obtained, especially in novice model user organizations. 
One of the reasons for this can be qualitatively traceable to the fact that the assess-
ment/appraisal outputs are not as useful as they could be. Based on the early experience 
of SPICE assessments as well as a number of opportunities of CMMI-based appraisals, 
this paper describes the critical success factors including personal attributes/skills, and 
considerations for producing useful assessment/appraisal outputs. Thereby, the impor-
tance of paying more attention to personal attributes/skills is proposed from the process 
practitioner’s viewpoint. 

Keywords: ISO/IEC 15504 series · ISO/IEC 33000 series · CMMI® · SCAMPISM · Useful 
assessment/appraisal outputs · Critical personal attributes 

1 Introduction 

Since the “Software Process” came into the limelight in the 1980’s, many efforts have been made 
in the world “Software Process” communities. The SPICE frameworks (ISO/IEC 15504 series 
[1-11] and ISO/IEC 33000 series [12-17]) and their conformant process models including 
CMM(I) [18-20] as well as assessment/appraisal methods [21, 22] have greatly evolved in the past 
two decades, and benefits of using them have been reported [23, 24]. Accordingly, users of those 
frameworks and models have increased year by year. However, the effects of using those frame-
works or models are not necessarily easily obtained, especially in those organizations that are 
inexperienced model users. Even under the disadvantageous research conditions, where corporate 
confidentiality is very strict and thus it is difficult to gain access to quantitative business data to 
substantiate business effects, one of the reasons for the difficulty of producing business effects can 
be qualitatively traceable to the fact that the assessment/appraisal outputs are not necessarily used 
effectively, in the successive SPI (Software Process Improvement) steps. 

Since 1994, the author has been heavily involved in SPICE assessments for over a decade [25], 
and CMM(I) assessments/appraisals until the present [26], at many companies in Japan. Through 
experience, one has become convinced that there are some important factors for producing useful 



88 T. Miyoshi 

assessment/appraisal outputs and for connecting them to produce specific business effects out of 
the organizations’ SPI activities. At the same time, the motto of “Get Back to Basics” is strongly 
recognized: “Having pragmatic … viewpoints of the process frameworks and models.” Actually, 
Watts S. Humphrey emphasizes the importance of the characteristics of “software process” which 
must be pragmatic and adjustable. He also stresses the necessity of avoiding fruitless usage of 
CMM by mentioning the danger of following a ‘checklist strategy.’ In the Foreword of the classic 
CMM book [18], he advocates: 

 
“The CMM is an explicit framework software engineers can use, debate, and augment. The 

CMM documents must be reasonably stable, but they also must change. Producing a document 
like this also entails a risk. Some individuals will always seek fixed formulas or checklists for eva-
luating organizations. When organizations follow this checklist strategy, they often produce piles 
of documents and mountains of paper to “prove” that their process is at some prescribed level. 
Unfortunately, this approach invariably overlooks the critical point: what the people actually do. 
The software process concerns people and their work and thus must be pragmatic and adjustable, 
or it will not be used. This is why the CMM and this book are guidelines, not rules. Their objective 
is to set goals for each maturity level and key process area, and to provide examples for each prac-
tice. No organization, however, should attempt to do everything in this book. Doing so would 
solve some problems several ways and miss others completely. That could get very expensive.”  
ibid., Foreword 

 
Accordingly, in this paper, Critical Success Factors (CSFs) for producing useful assess-

ment/appraisal outputs, including critical personal attributes/skills, are explained in Section 2. 
Section 3 describes experience-based considerations in CMMI-based appraisal situations. Then 
the impact of personal attributes on assessment/appraisal is analyzed in Section 4. Finally, conclu-
sions and future steps are provided in Section 5. Since the author’s experience of 15504-based 
assessment is limited to the early days, only Section 2 is explained in both of the 15504-based 
assessment and CMMI-based appraisal settings. The remaining sections are described for only the 
CMMI-based appraisal setting. The relationship among primary sections is shown in Figure 1.  

 

 

Fig. 1. Relationship among primary Sections 
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2 Critical Success Factors for Producing Useful Assessment/Appraisal 
Outputs 

As shown in Table 1, five critical success factors for producing useful assessment/appraisal  
outputs are explained. These factors are further explained in the following subsections.  

Table 1. Critical success factors for producing useful assessment/appraisal outputs 

In SPICE context In CMM(I) context 

1.   Understanding the organization’s process context         See 2.1.1  
 
 
 

process context: the set of factors, do-
cumented in the assessment input, that 
influence the judgment, comprehension and 
comparability of process attribute ratings 
[12] 

An understanding of the context within 
which a process operates within an OU 
(Organizational Unit) is critical to accurately 
assessing whether a practice that has been 
implemented fulfills its purpose [27] 
(P125). 

The software process concerns people and their 
work and thus must be pragmatic and adjustable, or it 
will not be used. This is why the CMM and this book 
are guidelines, not rules [18] (Foreword). 

Interpreting the practices requires the organiza-
tion or project to consider the overall context in 
which they are used [18] (P77). 

process context: The set of factors documented 
in the appraisal input that influences the judgment and 
comparability of appraisal ratings. These include, but 
are not limited to, (a) the size of the organizational unit 
to be appraised, (b) the demographics of the organiza-
tional unit, (c) the application domain of the products 
or services, (d) the size, criticality, and complexity of 
the products or services, and (e) the quality characte-
ristics of the products or services. [22] 

2. Understanding business objectives                     See 2.1.1 
 
 

Step 1 of the improvement cycle 
(“Examine organization’s needs”) starts 
with a recognition of the organization’s 
needs and business goals, usually based on 
one of the main drivers for process im-
provement [27] (P183). 

organization’s business objectives: Se-
nior-management-developed objectives designed to 
ensure an organization’s continued existence and 
enhance its profitability, market share, and other 
factors influencing the organization’s success [20]. 

The first rule of an assessment is that an organi-
zation should make its real business objectives clear 
and understandable to everyone in the organization 
and to the assessment team [28] (P54). 

3. Recognizing the role of assessment/appraisal in SPI activities   See 2.1.2 
 

5.2 Steps of process improvement 
5.2.3 Step 3–Assess current capability [17] 

Assessment is performed for improve-
ment purposes in Step 3 of 8 SPI steps [27] 
(P184). 

Assessments fall into the Diagnosing phase of 
the IDEAL approach, which concerns identifying 
current processes, developing recommendations, and 
emphasizing follow-on activities [28] (Preface). 

4. Demonstrating “Process improvement-minded” performance    See 2.1.2 
5. Possessing critical personal attributes/skills                See 2.2 



90 T. Miyoshi 

2.1 Positive Behavior Based on Recognition Of Critical Success Factors 

2.1.1  The Organization’s Process Context and Business Objectives 
First of all, considering the “organization’s process context and business objectives” is very  
important when performing assessment/appraisal. In real-life SPI situations, however, it is not 
always easy to consider them, clearly and accurately. The reasons for this will broadly range from 
a simple reason, such as a lack of the “SPI frame of mind” among senior management to a com-
plicated situation, caused by the organizational structure and problems at the human level. 

Table 1 shows how these key words, the “organization’s process context” and “business objec-
tives,” are emphasized in SPICE and CMM(I) contexts.  

In the SPICE context, “process context” is defined as “the set of factors, documented in the as-
sessment input, that influence the judgment, comprehension and comparability of process attribute 
ratings” in ISO/IEC-33001:2015, Information technology - Process assessment - Concepts 
and terminology [12]. In addition, the criticality of understanding the “process context” is cited in 
SPICE - The Theory and Practice of Software Process Improvement and Capability Determina-
tion - [27], Chapter 6, Subsection, “Process context.”  

On the other hand, in the CMM(I) context, the importance of recognizing the “organization’s 
process context and business objectives” is implied in Watts S. Humphrey’s foreword of The Ca-
pability Maturity Model: Guidelines for Improving the Software Process [18]. In addition, how to 
consider the “overall context” is explained in Section 4.7 “Applying Professional Judgment” of the 
above-mentioned book [18]. In the current version of SCAMPI MDD, Standard CMMI® Apprais-
al Method for Process Improvement (SCAMPISM) A, Version 1.3: Method Definition Document 
[22], “process context” is defined as “The set of factors documented in the appraisal input that 
influences the judgment and comparability of appraisal ratings. These include, but are not limited to, 
(a) the size of the organizational unit to be appraised, (b) the demographics of the organizational 
unit, (c) the application domain of the products or services, (d) the size, criticality, and complexity of 
the products or services, and (e) the quality characteristics of the products or services.” 

Next, concerning the “business objectives,” the importance of recognizing the “business goals” 
is also cited in Chapter 8, the Subsection titled; “Guidelines for software process improvement” of 
the SPICE book [27]. In the CMMI context, “organization’s business objectives” is defined as 
“Senior-management-developed objectives designed to ensure an organization’s continued exis-
tence and enhance its profitability, market share, and other factors influencing the organization’s 
success.” [20] Also, the importance of making real “business objectives” clear and understandable 
is emphasized in CMMI Assessments - Motivating Positive Change - [28], Chapter 3, Subsection 
3.1.3, “Establishing (with the Lead Assessor) the Business Goals and the Scope of the Assessment.” 

In the actual SPI activities, making the “organization’s process context and business objectives” 
clearly recognized from top management to the project members is very important. In a variety of 
real-world SPI environments, however, it is “Easier said than done.” One of the solutions is to 
disseminate the principle of the “Field-oriented” policy throughout the organization. Years ago, it 
was sometimes heard from those involved in SPI activities that it’s difficult to promote such activ-
ities. The reason for this was that the SPI didn’t lead to actual business effects, such as increased 
customer satisfaction and improved product quality. In most of these cases, the process context 
and business objectives were not clearly disseminated within the organizations. Besides, what was 
really going on in real-life projects within the organizations was not clearly understood by every-
one. If SPI stakeholders correctly understand their organizations’ process context and business 
objectives, many important hints can be obtained from within their own companies, especially 
from project managers and engineers. In order to share useful information necessary to improve 
the organization’s processes, the “process assets sharing” framework is very helpful and is to be 
explained in the next subsection 2.1.2.  
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2.1.2   The Role of Assessment/Appraisal in SPI and “Process Improvement-Minded” 
       Performance 
Next, clearly recognizing the “role of assessment/appraisal in SPI activities” is also very important. 
The assessment/appraisal is a meaningful event, performed at one of the series of SPI steps. 
Therefore, the quality of the assessment/appraisal outputs has much influence on the successive 
SPI steps. Table 1 shows how the literature describes where in the SPI steps the assess-
ment/appraisal is conducted.  

In the SPICE context, referring to the current Technical Report, ISO/IEC TR 33014:2013, 
Information technology — Process assessment — Guide for process improvement [17], the 
process assessment is conducted at “5.2.3 Step 3 – Assess current capability” of subsection “5.2 
Steps of process improvement.” Also, as cited in SPICE - The Theory and Practice of Software 
Process Improvement and Capability Determination - [27], Chapter 8, Subsection “Guidelines for 
software process improvement,” the assessment is performed in Step 3 (“Prepare for and conduct 
a process assessment”) of eight Software Process Improvement steps.  

Similarly, in the CMM(I) context, the assessment falls into the Diagnosing phase of the 
IDEALSM approach, as cited in CMMI Assessments - Motivating Positive Change - [28], Preface, 
Subsection “Assessments Are Part of the Larger Subject of Process Improvement.” 

Years ago, a number of companies were thought to have experienced the ‘Compliance-driven 
Improvement’ for quickly achieving a Maturity Level, because the management expected quick 
results. Times have changed now. When considering the severe economic situation of recent 
years, we must promote ‘Performance-driven Improvement’ by thinking over how to make good 
use of the “process assets,” which have accumulated data and experience within the organization. 
In this sense, the CMM(I)’s traditional “Conceptual software process framework” depicted in 
Figure 4.1 of the classic CMM book, The Capability Maturity Model: Guidelines for Improving 
the Software Process [18] could be considered to be the most useful “process assets sharing” 
framework in the real-life SPI environment.  

Considering the importance of recognizing the role of assessment/appraisal in SPI activities, it is 
also critical for the assessment team leader to carefully demonstrate a “process improvement-minded” 
performance in every situation of assessment/appraisal. A few examples are listed in Table 2.  

Table 2. Examples of “process improvement-minded” performance 

Examples of “process improvement-minded” performance 
1 Clearly understanding the mapping of the process model’s practices and  

terminology to those of the organization. 
2 Asking practical questions and eliciting prioritized 'Weaknesses' during  

interview sessions, which are called 'Improvement Opportunities' in a  
positive way. 

3 When developing the Findings statements, using concrete or specific  
expressions and the organization’s terminology, and not using the same  
wording or terminology as the process models. 

2.2 Critical Personal Attributes/Skills of Positive Thinking  

Originally, the “Assessor personal attributes” was defined in ISO/IEC TR 15504-6:1998, Infor-
mation Technology – Software Process Assessment - Parts 6:Guide to competency of assessors 
[29]. According to it, the assessor should have the personal attributes and skills which are listed in 
Table 3, in addition to the technical knowledge and experience required.  
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Through experience of 15504-based assessments during the early days and CMMI-based apprais-
als until the present, these personal attributes and skills are recognized as being important and helpful 
for performing assessment/appraisal successfully, as well as promoting successful SPI activities. 

Table 3. Assessor personal attributes 

Assessor personal attributes/skills 
1. Effective written and verbal communication,  
2. Diplomacy,                3. Discretion,    
4. Persistence and resistance-handling ability,  
5. Judgment and leadership,   6. Integrity,        7. Rapport. 

On the other hand, the critical personal attributes/skills shown in Table 4 are uniquely defined 
from the author’s experience.  

First, one of the lessons learned is an understanding that the traditional virtues of “Bushido” 
[30] such as ‘rectitude,’ ‘courage,’ and ‘benevolence’ can be helpful in strengthening the basic 
attitudes necessary for producing useful assessment/appraisal outputs. In other words, having a 
sense of justice, showing consideration for other people, and being a person of action toward 
achieving useful and quality outcomes are important attitudes for performing successful assess-
ment/appraisal. 

Second, the ‘communicative competence with composure (i.e., keeping presence of mind) and 
perseverance’ is also helpful to smoothly conducting every session on the Onsite period, especially 
when a discussion becomes an argument, for example, during data consolidation time. 

Third, the ‘Capability to organize complicated issues in real-world situations, and to clearly ex-
plain them to the point’ is one of the most useful and powerful skills of the SPI activities. It is very 
important in the assessment/appraisal, especially when developing the Preliminary/Final Findings, 
determining Ratings, and when explaining them clearly to the participants. If key persons do not 
possess this capability, the assessment team will waste much time in arguing over unclear draft 
statements and also in determining Ratings based on ambiguous rationales. Needless to say, this is 
one of the important skills of systems engineers in software development projects. Even in the SPI 
activities, when key persons, such as SPI group members and lead appraisers possess this capabil-
ity, it is possible to increase the efficiency of overly long meetings and thus, the saved time can be 
allotted to other productive activities. 

Table 4. Experience-based critical personal attributes/skills 

Personal attributes/skills 
1 Rectitude, courage, and benevolence  
2 Communicative competence with composure and perseverance 
3 Capability to organize complicated issues in real-world situations, and to 

clearly explain them to the point 
 
The personal attributes/skills listed in Tables 3 and 4 push the performance of the assess-

ment/appraisal team. In order to produce useful assessment/appraisal outputs, it’s important to elicit 
honest opinions from interviewees by creating a natural and relaxed atmosphere based on the as-
sessment/appraisal team’s positive attitude. This means to have lively and interactive dialogues by 
showing consideration for people’s feelings when conducting interviews. This makes it possible for 
the organization to progressively accept their Weaknesses (i.e., Improvement Opportunities), and to 
move forward to the next steps of their SPI activities, toward achieving their business objectives. 
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3 Experience-Based Considerations for Producing Useful Appraisal 
Outputs 

Having considered the positive behavior explained in the previous section, the experience-based 
considerations for producing useful appraisal outputs are presented in this section, using the flow 
of CMMI-based appraisal method: SCAMPISM (Standard CMMI® Appraisal Method for Process 
Improvement) Class A. [22] 

3.1 Steps of Appraisal 

The SCAMPI appraisal is composed of “Pre-onsite” and “Onsite” phases, as depicted in Figure 2. 
The first event of the Onsite phase is the opening briefing. After this, a series of interviews is 
conducted. The interview data, together with document review data usually collected in the 
Pre-onsite phase, are organized and consolidated. Based on these data, the “Preliminary Find-
ings,” i.e., ‘Strength/Weakness’ statements, are developed. The Preliminary Findings are pre-
sented to the interviewees, and their feedback comments are collected. After examining those 
comments, the Preliminary Findings are refined into the “Final Findings” statements. Then, the 
Process Area goals, Process Areas and Maturity Level are rated and determined. Finally, the 
Final Findings are presented to the sponsor and the other participants.  

 
 

 
 
 
 
 
 
 

Fig. 2. Summarized flow of SCAMPI Class A appraisal 

3.2 Considerations in Each Situation 

In order to produce useful appraisal outputs, collecting as many real opinions as possible is criti-
cally important. For this purpose, paying careful attention, especially in the following situations, is 
needed. In this subsection, consideration points in each situation are explained along the flow of 
the Onsite period: Opening briefing, Interview sessions, Preliminary Findings presentation, Rat-
ings and Final Findings presentation.  

3.2.1  Opening Briefing 
This is the first important session in the Onsite period, especially for establishing and in-
spiring a spirit of ‘buy-in’ and an ownership of appraisal outputs by the organization’s partic-
ipants. The spirit of ‘buy-in’ causes the mindset of active participation to their SPI activities. 
Generating an open atmosphere, the appraisal team leader should provide a natural and 
friendly presentation, in which the “role of appraisal in SPI activities” should be emphasized.  

3.2.2  Series of Interviews and Data Consolidation 
By generating an open and natural atmosphere, the interview sessions should be lively and inter-
active dialogues between the ATMs (Appraisal Team Members) and the interviewees. By doing 
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so, real and honest points-of-view from the practitioners and managers can be elicited. Considering 
the business objectives, the team leader should also ask practical questions in order to elicit the 
organization’s prioritized Improvement Opportunities. 

Actually, during the interactive dialogues, the ATMs must see through what is hidden behind 
the interviewees’ words, which could be very important Improvement Opportunity for the organ-
ization. This would be possible by using a sound understanding of the intent of the model practices 
and also based on the sufficient experience of software development projects. During the interview 
sessions, the ATMs should carefully listen to what each interviewee says and steadily take as 
many notes as possible. Interview notes are the primary data for the appraisal team’s judgments 
which generate accurate results, leading to obtaining credibility for the appraisal team.  

3.2.3  Develop and Present Preliminary Findings  
As much time as needed should be allotted to develop and refine the Process Areas’ Findings, i.e., 
Strength and Weakness statements, because they are the primary sources for the successive SPI 
activities. One of the important points when generating those statements is to use concrete expres-
sions including the organization’s specific terminology, thus bridging the model practices to the 
organization’s actual tasks.  

When developing those Findings statements, paying careful attention, especially to the 
Weakness statements (i.e., Improvement Opportunities), is most important. They should be po-
lished as much as possible so that the interviewees who provided the opinions are not treated 
coldly after the appraisal. This thoughtfulness is very important to soundly promote the SPI pro-
gram. It is also critical to include Strength Findings in as many Process Areas as possible, in order 
to make the organization positively accept the Weakness statements. Of course, this means that 
the ATMs should make their best efforts to discover Strength Findings. Sometimes, specif-
ic, unique ‘good practice’ is overlooked due to lack of correct and operational knowledge of 
the model practices. 

3.2.4  Final Consolidation and Ratings 
After the Preliminary Findings are presented, the participants’ comments are carefully examined. 
Then the appraisal team moves on to the Rating session, where Process Area goals, Process Areas, 
and the Maturity Level are rated and determined. When rating goals of each Process Area, if a 
discussion escalated into an argument, the team leader should lead to a reasonable consensus in a 
timely manner. Here the team leader’s opinions should be shared, based on an operational know-
ledge of the model practices, the organization’s context, interview notes and his or her manage-
ment and engineering experience of real-life projects. 

3.2.5  Present Final Findings 
The Final Findings statements and the style of writing should be carefully reviewed and cautiously 
brought to consensus by all ATMs, especially in terms of its accuracy and usefulness for the suc-
cessive SPI activities. When presenting Final Findings, the team leader should clearly read them 
aloud page by page, emphasizing the important pages which are relevant to the successive SPI 
activities. After reading the Final Findings statements, it would also be helpful to present “ATM 
comments” in order to bridge the formal statements of Strengths and Weaknesses to the organiza-
tion’s real-life environment. This “ATM comments” could include encouraging statements for 
promoting their continuous SPI activities that will lead toward achieving the organization’s busi-
ness objectives. 
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4 Analysis of the Impact of Personal Attributes on 
Assessment/Appraisal  

From a comprehensive viewpoint, it could be said that the successful performance of human 
behavior, intended to draw real and pragmatic opinions from people for a specific purpose, (i.e., 
‘software process improvement,’) depends on the critical success factors described in Section 2, 
listed in Table 1: 

1. Understanding the organization’s process context;  
2. Understanding business objectives;  
3. Recognizing the role of assessment/appraisal in SPI activities;  
4. Demonstrating “Process improvement-minded” performance; and  
5. Possessing critical personal attributes/skills. 

The above-mentioned fifth factor, ‘critical personal attributes/skills,’ was explained using 
Tables 3 and 4 in subsection 2.2. In this section, Table 5 shows the relationships between the 
personal attributes/skills and appraisal Onsite sessions. 

Table 5. Impact of personal attributes/skills on Onsite sessions 

 ‘O’  :  Attributes/skills usually helpful in corresponding session 
 ‘◎’: Attributes/skills especially helpful in corresponding session 

 
No 

 

Personal attributes/skills Appraisal Onsite sessions 
3.2.1 3.2.2 3.2.3 3.2.4 3.2.5 

<Assessor personal attributes/skills>  cited from Table 3 
1 Effective written and verbal communication O ◎ ◎ O ◎ 
2 Diplomacy  O O O O O 

3 Discretion  O O ◎ O ◎ 
4 Persistence and resistance-handling ability    ◎ ◎  

5 Judgment and leadership  O O O O 

6 Integrity ◎ ◎ ◎ O ◎ 
7 Rapport ◎ O O O O 

<Experience-based critical personal attributes/skills>  cited from Table 4 
8 Rectitude, courage, and benevolence ◎ ◎ ◎ O ◎ 
 
9 

Communicative competence with compo-
sure and perseverance 

 

◎ 

  
O 

 

◎ 
 

◎ 

 
O 

 
10 

Capability to organize complicated issues in 
real-world situations, and to clearly explain 
them to the point 

  

◎ 

 

◎ 
 

◎ 
 

◎ 

 
3.2.1 Opening briefing  3.2.2 Series of interviews and data consolidation 3.2.3 Develop and present  
Preliminary Findings   3.2.4 Final consolidation and Ratings  3.2.5 Present Final Findings 
 

In light of the descriptions of Sections 2 and 3, all of the aforementioned personal attributes/skills, 
including ‘Diplomacy’ (2) and ‘Judgment and leadership’ (5), can be said to be helpful in almost every 
session for behaving positively during the Onsite period, as shown in Table 5. 
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Furthermore, based on the experience of performing hard but worthwhile and fruitful assess-
ments/appraisals in a variety of real world situations, personal attributes or skills especially helpful 
in corresponding Onsite sessions were observed, as shown with ‘◎’ in Table 5.  

Reviewing each of the Personal attributes/skills in Table 5, the ‘Effective written and verbal 
communication’ capability (1) is particularly important in conducting interviews and developing 
Preliminary Findings. The ‘Discretion,’ (3) i.e., carefulness and good judgment, is required when 
developing Preliminary Findings statements, especially Weakness statements (i.e., Improvement 
Opportunities). Those statements should be polished as much as possible, to prevent interviewees 
who provided opinions being disadvantaged or ostracized. Having the ‘Discretion,’ it is also criti-
cal to include as many Strength Findings as possible, in order to make the organization positively 
accept the Weakness statements. 

The ‘Persistence and resistance-handling ability’ (4) is especially required in developing and 
presenting the Preliminary Findings and in the Rating session. If a discussion within the appraisal 
team escalated into an argument, the team leader should lead to a reasonable consensus in a timely 
manner, using this ability as well as the ‘Communicative competence with composure and perse-
verance’ (9). These attributes, (4) and (9), are necessary capabilities in effectively conducting every 
onsite session where a number of discussions occurs. The ‘composure (i.e., Keeping presence of 
mind)’ and ‘perseverance’ will greatly promote the smooth operation of each session.  

The ‘Integrity,’ (6) i.e., honesty, sincerity, reliability, and the ‘Rectitude, courage, and  
benevolence’ (8) are, of course, very important and helpful in getting the trust of the organization’s 
people, especially in the Opening meeting, interview sessions, and Preliminary/Final Findings 
presentations.  

The ‘Rapport,’ (7) i.e., an ability to have close relationship and understanding with each oth-
er, is also important in every Onsite session, but in particular when establishing a spirit of ‘buy-in’ 
and an ownership of appraisal outputs by the organization’s participants at the opening 
meeting.  

Finally, the ‘Capability to organize complicated issues in real-world situations, and to clearly 
explain them to the point’ (10) is the most important and powerful skill for effectively and effi-
ciently operating every kind of session, especially when a large amount of data from document 
reviews and interviews is collected. Possessing this skill is also very important when developing 
the Preliminary Findings and Final Findings, because the usefulness of assessment/appraisal out-
puts [primarily the Weakness (i.e., Improvement Opportunity) and Strength Statements] greatly 
depends on this critical skill. Thereby, meaningful outcomes of the appraisal will be obtained.  

5 Conclusions and Future Steps 

The "process improvement" has been talked about in many books and papers [31-38]. In addition, 
many process improvement efforts have been made in many organizations. However, the cir-
cumstance of the “process context” which is peculiar to each organization, becomes the factor that 
the “process improvement” doesn’t go smoothly according to plan. Based on the early experience 
of SPICE assessments and CMM(I)-based assessments/appraisals until the present, this paper 
describes the critical success factors including personal attributes/skills, and experience-based 
considerations for producing useful assessment/appraisal outputs. Thereby, the importance of 
paying more attention to human resources as human beings in addition to the processes and as-
sessment methods is proposed from the process practitioner’s viewpoint. 
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For this purpose, some critical success factors, including personal attributes/skills, were ex-
plained in Section 2. In addition, it was also mentioned that practical use of the “process assets 
sharing” framework could be the key for steadily generating business-driven SPI effects. The key 
point for using this concept effectively in the real world is to collect “usable” best practices, “bene-
ficial” lessons learned, and “useful” process data, which are specific to individual organizations. At 
the same time, it’s also critical to effectively disseminate and share them throughout the organiza-
tion, in a way that functions most appropriately in the organization’s business environment. When 
implementing this framework, the critical personal attributes/skills are very important for those 
who promote the organization’s SPI activities. Based on the ‘Capability to organize complicated 
issues in real-world situations, and to clearly explain them to the point,’ members of SPI group can 
flexibly promote the complicated steps of implementing the organization's unique “process assets 
sharing” framework. Then, in the descriptions of the considerations for the Onsite sessions in 
Section 3, the critical success factors were observed to be helpful for producing useful appraisal 
outputs.  

Furthermore, in Section 4, the result of analysis of the impact of personal attributes/skills on as-
sessment/appraisal gives a clear roadmap to the future steps: In parallel with the continuous SPI 
activities, if “People” could improve their “Capability,” it could be a steady way of bringing about 
a business effect for the organization. The “People” means those involved in an organization’s 
SPI, including senior management as well as those involved in the assessment/appraisal, including 
the lead appraiser. In addition, the “Capability” is an ability which can be improved a posteriori, 
and it includes the personal attributes/skills shown in Tables 3 and 4.  

Being based in a country where corporate confidentiality is very strict, it is difficult to gain 
access to quantitative business data. Therefore, this paper was described in an experience-based 
qualitative style, and it will need to be improved by considering the related external research in this 
field. This kind of effort by a process practitioner, however, could be one of the ideas leading to 
disseminating a positive culture of business-driven SPI programs, so that this will contribute to the 
promising further development of the process frameworks and models.  
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Abstract. Model based process improvement has been successfully applied for 
software organizations. After observing this success, customizing it to specific 
domains/sectors becomes one of the most critical challenges. On the other side, 
there are some quality problems in government domain as: low efficiency and 
process performance, employee and citizen dissatisfaction, high cost and defect 
rates. Assuming that successful processes will be reflected in higher quality, the 
government processes have to be improved. However known capability/maturity 
models don’t deal with particularities of government domain. Therefore, it’s 
necessary to design and evaluate a domain-specific capability model. Towards this 
goal, we develop Government Process Capability Determination Model based on 
ISO/IEC 15504. Moreover, we propose a method which is a disciplined guidance 
for governmental organizations to perform process capability assessment 
systematically. The method is described in detail in the study. 

Keywords: Government · ISO/IEC 15504 · Capability models 

1 Introduction 

Increasing quality becomes one of the major aims of government administration to 
align government actions with the desires of the government institution’s customers. 
Assuming that successful processes will be reflected in higher government 
administration success, the government processes have to be improved. In this regard, 
an increasingly important contribution to government administration transformation is 
to be made by applying private sector business process improvement approaches. 
Nonetheless, known maturity models do not take the specialties of government 
domain into consideration. Therefore, it is necessary to design and evaluate a domain-
specific maturity model before applying it in the area of government [1]  

There are various well-accepted generic Software Process Capability/Maturity 
Models (SPCMMs), such as ISO/IEC TR 15504 [2]-[5] which is part of a series 
providing the requirements to conduct a process assessment and to design process 
models: guidelines for process improvement or capability determination: and 
exemplar process models. The ISO/IEC TR 15504 standard has recently entered a 
revision cycle. It will be replaced by a new series of standards: the ISO/IEC 33000 
series [6]. 
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These assessment standards are not limited to a specific field of activity: there can 
be applied to various industry sectors.  Customizing ISO/IEC TR 15504 [2]-[5] to 
different sector is subject of growing interest in the literature. Since ISO/IEC TR 
15504 [2]-[5] is not limited to software development processes, many initiatives 
proposed for various domains such as automotive sector [7], enterprise processes [8], 
IT security [9], IT service management [10], knowledge management [11], internal 
financial control [12], industrial processes [13], regulation compliance [14], medical 
devices [15] and space [16]. 

We intend to utilize the same approach for the government domain by developing 
the Government Process Capability Determination Model (Gov-PCDM) based on 
ISO/IEC TR 15504 standard [2]-[5]. The aim of Gov-PCDM is to provide the base for 
improving the processes of governmental organizations. It pursues a structured and 
standardized approach by assessing relevant processes in order to perform quality 
improvement initiatives in a consistent, repeatable manner, assessed by adequate 
metrics with guidance on what to do to increase quality in government institutions. 
Gov-PCDM focuses to provide improvement in governmental business processes to 
provide benefits of generic process improvement models (i.e:CMMI, ISO 15504 etc.) 
as increasing in service quality, in customer and employee satisfaction, as well as 
decreasing in operating cost.   

We propose a method to implement Gov-PCDM in an organization to achieve its 
benefits and to be useful by providing a disciplined guidance to perform process 
capability assessment systematically for governmental organizations. The method 
becomes a roadmap that shows the next steps to take when determining capability 
level of the process.  The proposed method can be executed as a process in 
governmental organizations. Thus, it can be performed throughout the life of the 
organization to assess its processes.   

The remainder of the paper includes motivation of the study, description of the 
proposed Gov-PCDM and the details of the method description, and finally the 
conclusion of the study. 

2 Motivation 

Government organizations are not profit-oriented, have no competition, are often 
historically grown and often result from considerable political influences while their 
processes are frequently unstructured, and depend on employee judgment. 
Accordingly, there are quality problems as low efficiency, employee and citizen 
dissatisfaction, high cost and defect rates.  Assuming that successful processes will be 
reflected in lower quality problems: the government processes have to be improved.  
Nevertheless, known maturity/capability models do not consider the specialty of 
government domain. There are different characteristics of the organizations operating 
in public sector comparing to private sector.  

The main difference between the public and private sectors are the bureaucratic 
principles of administrative actions [17] which directly affect governmental 
processes. Table 1 partially developed based on [17] shows a selection of those 
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principles and several further characteristics of the public sector in comparison to the 
private sector.  

The principles and characteristics which are valid for the public sector constitute 
special conditions for task fulfillment in public authorities in comparison to private 
sector organizations [18]. The government processes are defined by binding of actions 
to specific intents, laws, and welfare.  

Table 1. Differences between Organizations Operating in Private Sector and Public Sector 

 Private Sector Public Sector 

Aim  Profit maximization Public task fulfillment  
Lawfulness of 
actions 

Actions are primarily 
unbounded but aligned to 
the organization’s visions 
and objectives 

Actions are primarily bound to laws 
and regulations (principle of lawfulness) 

Control  Economical market 
organization 

-Political legitimization 
-Changing 'Board of Directors' every 3-4 
years has a dramatic impact 

Market 
position  

Competitive environment No competition (monopoly character) 

Organization 
structure 

No established structure: 
individual to the 
organization 

-Strict hierarchical structure possessing 
clear line of authority 
-High level of division of work and 
specialization 
-Horizontal and vertical structure of 
administration (de-central task 
fulfillment) 

Documentation 
requirements 

No explicit documentation 
requirements 

All decisions and occurrences have 
to be documented for control purposes 

Processes -Economic efficiency 
principle 
-Homogeneity in provided 
services   

-Multitude of weakly structured processes 
-High concentration of decisions and 
manual processes 
-Heterogeneity and amount of public 
services 
-Multiple stakeholders for many 
processes 

 
As seen in Table 1, public sector differs from private sector in many aspects. 

Customization of known process capability/maturity approaches in private sector to 
public sector makes an important contribution [17].  Besides the contribution to the 
improvement of efficiency and effectiveness of public administration, these 
approaches also enable the improvement of service orientation. 

We investigated quality improvement models developed for public sector, 
including the Total Quality Management approach, Enterprise Architecture Models, 
and E-Government Maturity Models, it is published in [19].  There are studies in the 
literature for improving quality in public domain, they provide benefits from different 
aspects. For instance, e-government initiatives have the potential to improve the 
quality of governmental services, however, existing processes should be improved 
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beforehand. Automation practices in governmental institutions have not provided the 
expected efficiency improvements in Turkey, since the automation of processes are 
carried out with existing process defects. Studies in the literature don’t aim to 
improve process quality directly to guarantee the consistency of services with each 
other through the use of standard processes where the capability level can be assessed 
and improved with guidance. The aim of developing Gov-PCDM is to address this 
aspect. 

We performed an exploratory case study in [19] to explore applicability of using 
process assessment in the government domain.  As a result of the study, although 
initial findings indicated the usefulness and adequacy of the proposed approach: the 
necessity of a methodology incorporating guidelines for application was determined. 
Government Process Capability Determination Method, proposed in this study, is 
developed to address this aspect. 

3 Government Process Capability Determination Model 

Gov-PCDM is developed for capability determination of processes performed in 
government institutions. Gov-PCDM is based on the assumption that business service 
quality can be achieved by the means of process quality – process capability.  

The aim of Gov-PCDM is providing the base for improving the processes of 
governmental organizations. It pursues a structured and standardized approach by 
assessing relevant processes in order to perform quality improvement initiatives in a 
consistent, repeatable manner, assessed by adequate metrics with guidance on what to 
do to increase quality in government institutions. It aims to provide improvement in 
governmental business processes to provide benefits of ISO/IEC TR 15504 [2]-[5] as 
increasing in service quality, in customer and employee satisfaction, as well as 
decreasing in operation cost.  Structure of the Gov-PCDM, shown in Figure 1 below, 
is made up of two dimensions.  

The process dimension consists of governmental business processes. This dimension 
is characterized by process purpose statements which are the essential measurable 
objectives of a process: process outcomes, base practices, and work products which are 
constructed based on the standard of ISO/IEC TR 15504- part 2 [2].  

The capability dimension, which is characterized by a series of process attributes, 
is applicable to any process, which represents measurable characteristics necessary to 
manage a process and improve its capability to perform. Capability levels and process 
attributes are adapted from ISO/IEC TR 15504-part 5 [5].  

3.1 Government Process Reference Model (Gov-PRM) 

Gov-PRM constitutes process dimension of Gov-PCDM.  We classified Governmental 
business processes into 2 main groups. One of them is Agency-Specific Process which 
is performed specifically for one institute, such as: birth, death and marriage 
registration process is performed just in civil registry office. A generic process 
definition is developed for being used level 1 assessment of agency-specific processes. 
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The second one is Management of Government Resources and Support Processes 
(MGRSPs), common processes across the governmental agencies, refer to the support 
activities that enable the government to operate efficiently, There are 7 main classes for 
management of government resources processes as human resource management, 
information resource management, financial& physical resource management, external 
relationship management, inspection& auditing, regulatory development and 
management, strategy& policy development.  Gov-PRM includes definitions of these 
processes.    
 

 

Fig. 1. Gov-PCDM Structure 

Process Definitions of MGRSPs are developed by harmonizing existing quality 
improvement models and standards as FEAF (Federal Enterprise Architecture 
Framework) [20], APQC [21], ISO 15504 [2]-[5], CMMI [22], CMMI-SVC [23], 
People-CMM [24], ITIL [25], FAA-iCMM [26]. The definitions are established by 
one of the authors and validated by process owners working in three different 
governmental organizations of Turkish government.   

The generic process definition is established by one of the authors on the basis of 
process modeling diagrams of 40 agency-specific processes performed in five 
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different public agencies. Developed generic process definition is reviewed by 30 
process owners working in 10 different departments in three different organizations. 

All process definitions in Gov-PRM are formally approved by the management 
with executive responsibility within two different organizational units and one of the 
authors who has both professional and academic experience in using ISO/IEC TR 
15504 [2]-[5] after reviewing respective process definitions.  

3.2 Government Process Assessment Model 

Government Process Assessment Model constitutes capability dimension of the Gov-
PCDM. Assessment procedures related to details of activities such as planning, 
briefing of the participants, data collection and validation and reporting are based on 
ISO/IEC 15504- part 3 [3]. Process capability is classified into six levels in ISO/IEC 
15504-part 2 [2]: as Level 0: Incomplete: Level 1: Performed: Level 2: Managed: 
Level 3: Established: Level 4: Predictable: Level 5: Optimizing.   

The measure of capability is based upon a set of process attributes (PA). Process 
capability indicators are the means of achieving the capabilities addressed by the 
considered process attributes.  Process Attribute of Level 1 is Process Performance 
attribute which is a measure of the extent to which the process purpose is achieved. 
Developed Process definitions are used for Level 1 assessment. For the assessments 
of levels 2 to 5, we use exactly the same ‘generic practices indicators’, ‘generic 
resources indicators’ and ‘generic work products indicators’ as the exemplar PAM 
provided by the ISO/IEC 15504- part 5 [5].  

The capability level of each process instance is determined by rating process 
attributes. For example, to determine whether a process has achieved capability level 
1 or not, it is necessary to determine the rating achieved by PA1.1 (Process 
performance attribute). A process that fails to achieve capability level 1 is at 
capability level 0. Each process attribute is measured by an ordinal rating F (Fully), L 
(Largely), P (Partially), or N (Not) achieved that represents the extent of achievement 
of the attribute.  A process instance is defined to be at capability level k if all process 
attributes below level k satisfy the rating F and the level k attribute(s) are rated as F or 
L, as defined in ISO/IEC TR 15504-2 [2]. 

4 Government Process Capability Determination Method 

It is essential to provide a systematic way to implement an approach in an 
organization to achieve its benefits and to be useful.  We propose Government 
Process Capability Determination Method which is a disciplined guidance for 
governmental organizations to perform process capability assessment systematically. 
The method becomes a roadmap that shows the next steps to take when determining 
capability level of the process.  The proposed method can be executed as a process in 
governmental organizations. Thus, it can be performed throughout the life of the 
organization to assess its processes.  This process consisting of 4 phases as seen in the 
Figure 2 below.   
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Fig. 2. Phases of Government Process Capability Determination Method 

In the Context Definition Phase: all process owners, top management, stakeholders 
meet in a kick-off meeting.   They collectively define the aim and scope of the 
government process capability determination project. Project execution plan is 
produced at the end of the meeting.   

In the Achieving Process Definition Phase: process definition is performed if the 
process selected for capability determination is an agency-specific process. Since for 
the level 1 assessment, process definition is needed to check if the process is 
performed.  Gov-PRM is used to achieve process definition.  

In the Process Assessment Phase, process is assessed based on ISO/IEC 15504-part 
3 [3] and part 5 [5] and as a result of this phase, assessment report is produced.  

In the Action Plan Derivation Phase, action plan to improve the capability level of 
the assessed process is derived for the assessment report based on ISO/IEC 15504-4 
[4].   

As a result of successful implementation of this process; 

• A target capability appropriate to the particular specified requirement is identified 
• Reviews of the governmental processes are carried out to determine their 

suitability for the particular specified requirement in the light of process 
assessment results 

• Strengths and weaknesses within the assessed processes are identified 
• An action plan for process improvement is achieved 

The proposed method is described and its phases in detail in the sub-sections. 

4.1 Context Definition 

This phase sets up the organization for government process improvement initiative. 
The primary goal is to determine processes to be improved. Thus, a structural frame 
of the organization in terms of a high level process, and their relationship are achieved 
in this phase. Figure 3 illustrates the process diagram for the context definition phase. 
First, the participants determine and state the aim and objectives for process 
improvement. The processes that will be determined and the roles that participate in 
those processes are depicted on scope diagram. The assessment and review teams are 
established. Roles are mapped to the stakeholders, the execution plan is documented, 
and approved by all participants.  

Roles participating in this phase are as follows:  

Government Process 
Capability Determination 

Method

Context 
Definition

Achieving Process 
Definition 

Process 
Asssesment

Action Plan 
Derivation
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Fig. 3. Context Definition Phase 
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Process owners include the individuals that participate in the execution of the 
processes. 

Stakeholders may include all individuals that are affected by execution of the 
processes. 

The moderator who can be a consultant or expert on ISO/IEC TR 15504 [2]-[5] 
outside from the organization or a participant inside the organization familiar with the 
ISO/IEC TR 15504 [2]-[5]. 

Top Management supports process improvement and ensures that processes 
promote the vision and mission of the organization.  

Following subsections describe the activities of this phase in detail. 

i. Recognize organization’s needs: Government process improvement initiatives 
start with the recognition of the organization's needs and business goals. The 
recognition derives from any of the following: organizations mission statement: 
organization's business goals: data on cost of quality: feedback from internal/external 
customer: new requirements from society. Objectives of the process improvement 
initiatives are defined based on analysis of these inputs in terms of quality, time to 
market, cost, employee and customer satisfaction. 

ii. Organize (Kickoff) Meeting: After recognizing organizations need for the 
process improvement, the process improvement program is started.  It should be 
considered as a project in its own right, and planned, resourced and managed 
accordingly.  The organization initiates the project with a kickoff meeting that brings 
all related process owners, stakeholders and top management together. 
iii. Give Brief Description about Project: The moderator introduces the aim of 
the project and Gov-PCDM and presents a brief overview of the path to be followed. 

iv. Identify Organizational Processes and Relationships: Variety of resources 
including existing process definitions and procedures; documents representing the 
organizational structure, roles and responsibilities; resources representing 
organization's mission, vision, goals and objectives; laws, regulations, policies, 
business rules; or any related documents such as quality standards, handbooks, and 
etc. can be used for identifying the organizational processes and relationship. 

Business process is defined as ‘collection of related, structured activities or tasks to 
serve particular goal(s) for a particular customer(s)’. Goals are derived from 
organization’s vision and aligned with its mission: the reason for its existence. The 
overall goal of a business process can be decomposed into sub-goals. A goal-driven 
and a collaborative approach in identifying and judging processes is generally 
necessary. This is because different groups of people in the organization are likely to 
identify and judge the processes and their salience differently.  

Governmental business processes are classified into 2 main groups as Agency-
Specific Process and MGRSP as described in Gov-PRM.   The first one should be 
defined by the organization. Granularity level of the agency-specific process 
identification and the level of formality applied must be nearly same.  In order to 
provide this, moderator has some responsibilities as follows: 

• Envisaging the top view of processes as a whole, explaining and analyzing it 
• Facilitating and monitoring the definition process  
• Providing guidance to the agency-specific process definers 
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• Facilitating the maintenance of individual agency-specific process 
definitions  

• Validating that the resulting of an agency-specific process definition is all 
that should be performed to serve the goal of that project.  

v. Depict Organizational Processes and Relationships: The coverage on a 
scope diagram represents the processes and their relationships as well as the roles that 
participate in these processes. Variety of resources including existing process 
definitions and procedures: documents representing the organizational structure, roles 
and responsibilities: resources representing organization's mission, vision, goals and 
objectives: or any related documents such as quality standards, handbooks, and etc. 
are used by identifying and depicting the processes.  

vi. Select Processes to Be Improved: The participants in the meeting set the 
priorities of the process improvement objectives. The processes and their relationships 
should be analyzed in order to evaluate which processes have direct impact on the 
improvement objectives identified.  

vii. Define Assessment Team: Assessment team consists of competent assessor 
who can lead or be part of, and staffs from quality management department of the 
organization if there is.  

viii. Define Review Team: Review team is responsible for reviewing agency-
specific process definitions. The team can consist of moderator, staff from quality 
management department, and executive members who manage the respective process.  

ix. Train Personnel: The moderator, or if possible trainer from outside the 
organization who has knowledge about ISO 15504 train related staff about process 
definition, process assessment, and analyzing assessment results. Agency-specific 
process definers, and assessors attend this training. Training documents are used. 

x. Documenting Project Execution Plan: The moderator (project leader) 
document project execution plan includes work assignments, time, risk and 
configuration management plans.  The scope, role assignments for moderator, agency-
specific process definers, and assessors, the schedule and other concerns such as, risk 
and configuration management are documented on an Execution Plan. The plan is 
approved by all participants and base-lined before description phase commence and 
the consequent changes are communicated to all parties.  

xi. Approve the Plan and Diagrams: As the final step of context definition 
phase, generated project execution plan is approved by the top manager.  

Depending on the scope, once the aim is determined, roles and responsibilities are 
assigned, execution plan and process diagrams are approved, and the kickoff meeting 
is closed. Subsequent meetings will be arranged to perform succeeding activities. 

4.2 Achieving Process Definition 

Users need process definition for perform Level 1 assessment to check whether  
the process is performed.  We follow the ISO/IEC TR 15504-2 [2] standard to 
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determine what the process definition should contain. It includes followings: Title 
conveying the concept of the process as a whole, purpose formulating the aim, the 
usefulness of the process; Purpose high level, overall goal for performing the process; 
Outcome expressing the objectives expected from the successful performance of the 
process; Base Practices (BPs) decomposing the process to state what the process does 
to obtain the outcomes; Information Items separately identifiable bodies of 
information produced and stored for human use.  

Developed Gov-PRM includes process definitions for MGRSPs. Additionally it 
includes Generic Process Definition to guide process owners for agency-specific 
process definition including title, purpose, outcomes, BPs, information items. 
Achieving Process Definition for agency-specific processes includes following steps; 

i. Define Process Title: The title identifies the principle concern of the process 
and distinguishes the process from other processes in the model.  Some examples for 
process title as follows: Strategy and Policy Management, Law Development.  

ii. Define Process Purpose: The purpose of the process describes the goal of 
performing the process.  In cases where processes might be thought to overlap, the 
purpose should be used to characterize the scope or bounds of the process. Goal- 
driven approach is used in this definition.   Once the process identified, main goal of 
the process will be defined. It is candidate of purpose of the process. Since 
governmental process are established based on the laws, procedures, etc.  The purpose 
of the process is written in the related laws or legislation like Decree Law Concerning 
the Organization and Duties in Turkish government.   

iii. Define Process Outcomes: An outcome is an observable and assessable result 
of the successful achievement of the process purpose. In order to define outcomes of 
governmental process, related laws, regulations, and policies are used as resource.  
Generic outcomes defined in Generic Process Description for agency-specific 
processes are as follows:  

1. Politics/strategy is defined 
2. Policies and guidelines are published 
3. Requirements are derived and allocated 
4. Interactions with involved parties is managed  
5. Technical effort is performed to obtain the result 
6. Approval of the result is achieved 
7. Results are made available to all related parties 

iv. Define Base Practices (Activities): The base practices are a list of actions that 
may be used to achieve the outcomes. Rather than describing the results of executing 
a process, activities describe a set of actions that might be undertaken to execute the 
process. Generic Base Practices defined in Generic Process Definition for agency-
specific processes are as follows: 

BP1. Develop a strategy for the process: Produce Strategy document by higher level 
management of government. i.e: law, decree law, etc.  [Outcome: 1] 
BP2. Publish policies and guidelines:  Establish Policies and guidelines which 
include how work gets done. i.e: Regulations, legislation etc.  [Outcome: 1, 2] 
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BP3. Define requirements for the process: Obtain requirements for performing the 
process from higher level management.  These requirements can be amount of budget, 
maximum number of people, or maximum amount of resource, etc. [Outcome: 2, 3, 4]  
BP4. Establish interactive communication methodologies and structures with 
involved parties: A communication mechanism for receiving/storing/sending 
information or documents (if there is) with involved parties is established.  
[Outcome:4] 
BP5. Perform Technical Effort: Receive/collect, analyze, distribute information and 
generate documents if necessary, and also support service and solutions to perform 
technical work. [Outcome: 4, 5]  
BP6: Achieve approval for the result: Establish and maintain and approval 
mechanism from inside the agency and the institutions the agency is dependent on (if 
necessary) [Outcome: 2, 4, 6] 
BP7: Share results with involved parties:  Establish and maintain an informing 
mechanism for sharing results with all involved parties.   Publishing results on the 
web page of the agency, publishing in the official gazette, sending e-mail to involved 
parties can be some alternatives for sharing results.  [Outcome: 2, 4, 7] 

v. Define Information Items:  Information items are process products that are 
identifiable bodies of information produced and stored for human use.  Laws, decree 
laws, regulations, legislations, guidelines, application documents, generated reports, 
approved documents, communication records [e-mails, minutes of meetings, etc] can 
be information items of the agency- specific governmental processes. 

4.3 Process Assessment  

Assessment is conducted by an assessment team whose member(s) are from the 
Organizational Unit.  Assessment team consists of competent assessor who can lead 
or be part of, and staffs from quality management department of the organization if 
there is. The competent assessor can be from inside the organization, but assessor 
drawn from outside the organizational unit may appear to be more credible on account 
of a more independent viewpoint.  The assessment team follows the ISO/IEC 15504-
part 3 [3] as the documented procedural approach for conducting the assessment. 
Details of the assessment activities such as planning, documenting assessment plan, 
briefing of the participants, data collection and validation are put together into an 
assessment plan and an assessment report.  Assessment is conducted based on 
ISO/IEC 15504-part 5 [5]. 

4.4 Action Plan Derivation 

Based on assessment findings, improvement plan to shift to next capability level is 
generated taking ISO/IEC 15504-Part 4: Guidance on use for Process Improvement 
and Process Capability Determination as a reference [4].  Defined steps are as follows:  

i.  Analyze assessment strengths and weaknesses 
ii.  Identify process-related risks 

iii.  Identify opportunities for improvement 
iv.  Review organizational improvement goals 
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v.  Analyze effectiveness measurements 
vi.  List improvement areas 

vii.  Define detailed improvement objectives 
viii.  Set targets for objectives 

ix.  Document action plan 

As a result of this phase; strengths and weaknesses of the processes are identified 
based on assessment findings. Process related risks are assessed from the probability 
of a particular problem occurring, and its potential consequence are identified. 
Opportunities for improvement are derived based on the identified weaknesses of the 
processes. Processes and their relationships are analyzed in order to evaluate which 
processes have direct impact on the organizational objectives identified in the 
Execution plan. A prioritized list of improvement areas is compiled from all of the 
factors listed above. Targets for improvement are set with regard to the organization's 
business goals which can be objectively measured, and which can reasonably be 
achieve. Finally the action plan is derived, it includes activities, tasks, responsible, 
resources, schedule, cost, and risk. 

5 Conclusion 

We proposed a methodology incorporating guidelines for governmental process 
improvement.  As a result of the study, it is observed that: 

• There are some characteristics in government domain and there is a need to 
develop a government-specific process improvement model.  

• Governmental process can be defined using requirements in ISO/IEC TR 15504. 
• ISO/IEC TR 15504-5 [5] is of great help in identifying indicators for levels 2 to 5.   
• ISO/IEC TR 15504-3 [3] can be used by assessor to perform a conformance 

assessment. 
• ISO/IEC TR 15504-4 [4] is used as the main guideline for developing the 

proposed roadmap for process capability improvement. 
• Governmental processes are more repetitive and stable comparing to software 

processes. This difference is a positive variance to ensure a systematic 
performance. 

In parallel with ISO/IEC TR 15504 [2]-[5], our approach aims to provide a variety of 
benefits for government organizations, including the followings: cost savings; more 
involved employees; improved and predictable quality as well as productivity; 
generating a consistency of process capture and use. 

Future studies include validating the proposed approach by performing different 
case studies in various government agencies.  
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Abstract. The ISO/IEC 29110 standard has at its core a Management and Engi-
neering Guide [1] which are targeted at very small entities (enterprises, organi-
zations, departments or projects) having up to 25 people [2], to assist them un-
lock the potential benefits of using standards which are specifically designed to 
address their needs. This paper is concerned with understanding the issues that 
affect the adoption of software process standards by Very Small Entities 
(VSEs), their needs from process standards and their willingness to engage with 
the new ISO/IEC 29110 standard in particular. This paper bring together two 
complimentary studies undertaken in Ireland and Ecuador which pose questions 
to VSE management regarding opinions, attitude and sentiment towards the 
adoption of the VSE designed standard ISO/IEC 29110. A series of interviews 
were untaken in both countries counties with qualitative data analysis utilizing 
the grounded theory coding mechanisms, to produce a picture of the current sit-
uation. This paper serves as a roadmap for both researchers wishing to under-
stand the issues of process standards adoption by very small companies and also 
for the software process standards community. 

Keywords: VSE · ISO/IEC 29110 · ISO · Standards · Process improvement 

1 Introduction 

There are multiple approaches to organizing the software development process and mul-
tiple factors influencing the software development process [3], with two major ones be-
ing the traditional (or plan based), which rely primarily on managing explicit knowledge, 
and agile methods, which primarily rely on managing tacit knowledge and recognizes the 
importance of human interaction in the software process [4, 5]. Due to the rich variety of 
software development settings (for example: the nature of the application being devel-
oped, team size, requirements volatility), the implementation of a set of practices for 
software development may be quite different from one setting to another [6]. 
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Projects are the cornerstone of all business activities in small and very small com-
panies. Firms must complete various projects to achieve their financial goals and ob-
tain information. Business owners and managers have only one attempt executing a 
project successfully. Hence, the process must be carefully thought out and planned.  
In their study into why software projects fail [7] have shown that software specialists 
spend about 40 to 50 percent of their time on avoidable rework rather than on what 
they call value-added work, which is basically work that’s done right the first time 

Administering software development is usually achieved through the introduction 
of a software project management process. However, implementing software project 
management controls in very small software companies is a major challenge. This 
paper introduces the project management practices in the newly published ISO/IEC 
29110 [1] standard Software Process Lifecycles for Very Small Entities. The follow-
ing sections discuss the role of project management in general, the structure of 
ISO/IEC standard and its project management practices. 

1.1 Research Problem 

In the current economic environment software quality is increasingly being seen as a 
subject of concern for growth and evolution of software companies in general, no 
matter what the size. Further quality orientated process approaches and standards are 
maturing and gaining acceptance in many companies. However, the use of ISO/IEC 
systems and software engineering standards remains limited to a few of the most pop-
ular ones.  VSE specific standards such as ISO/IEC 29110 Software Process Life-
cycles for Very Small Entities has been developed to assist and encourage very small 
software organization in assessing and improving their software.  

This paper is concerned with understanding VSEs issues regarding adoption of 
standards, their needs from process standards and their willingness to engage with the 
new ISO 29110 standards’ in particular. Accordingly the research question addressed 
by this study is “What is the opinion, attitude, sentiment and feeling towards the po-
tential benefits of adopting a VSE specific standard such as ISO/IEC 29110 by VSE 
management and staff?”. In order to investigate this research question, the authors 
have conducted two complimentary studies, one in Ireland and the other in Ecuador, 
which pose questions to VSE management and staff regarding opinions, attitude and 
sentiment towards the adoption of the ISO/IEC 29110 standard. 

This paper is divided into 5 sections. Section 2 presents the background study of 
the study and outlines ISO/IEC 2910 in detail. Section 3 explains the overall research 
processes that have been applied in this study. A section 4 discusses all the findings 
and results of the study. Section 5 presents some concluding remarks and discusses 
future work. 

2 ISO/IEC 29110 Standard 

The ISO/IEC 29110 standard “Lifecycle profiles for Very Small Entities” [1] is aimed 
at addressing the issues identified above and addresses the specific needs of VSEs  
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[8–10] and to tackle the issues of poor standards adoption by small companies  
[11–13]. The approach [14, 15] used to develop ISO/IEC 29110 started with the pre-
existing international standard ISO/IEC 12207 dedicated to software process life-
cycles. The overall approach consisted of three steps: (1) Selecting ISO/IEC 12207 
[16] process subset applicable to VSEs of up to 25 employees; (2) Tailor the subset to 
fit VSE needs; and (3) Develop guidelines for VSEs. 

The basic requirements of a software development process are that it should fit the 
needs of the project and aid project success [10]. And this need should be informed by 
the situational context where in the project must operate and therefore, the most suita-
ble software development process is contingent on the context [5, 17]. The core situa-
tional characteristic of the entities targeted by ISO/IEC 29110 is size, however there 
are other aspects and characteristics of VSEs that may affect profile preparation or 
selection, such as: Business Models (commercial, contracting, in-house development, 
etc.); Situational factors (such as criticality, uncertainty environment, etc.); and Risk 
Levels. Creating one profile for each possible combination of values of the various 
dimensions introduced above would result in an unmanageable set of profiles.  Ac-
cordingly VSE’s profiles are grouped in such a way as to be applicable to more than 
one category.  

Profile Groups are a collection of profiles which are related either by composition 
of processes (i.e. activities, tasks), or by capability level, or both. The “Generic” pro-
file group has been defined [10] as applicable to a vast majority of VSEs that do not 
develop critical software and have typical situational factors. This profile group does 
not imply any specific application domain, however, it is envisaged that in  
the future new domain-specific sub-profiles may be developed in the future. To date 
the Basic Profile [1] has been published, the purpose of which is to define a software 
development and project management guide for performing one project at a time.  

Finally, the results obtained from systematic literature review of the ISO/IEC 
29110 standard [18] show that there is an increasing interest on it. 

2.1 Engineering and Management Guide 

At the core of this standard is a Management and Engineering Guide (ISO/IEC 
29110-5) [1] focusing on Project Management and Software Implementation. The 
purpose of the Project Management process is to establish and carry out in a syste-
matic way the tasks of a software implementation project, which complies with the 
project’s objectives in terms of quality, time and cost. Project Management generates 
a Project Plan to direct the software project. During the execution of the project 
Change Requests may cause revisions to the Project Plan. The project is the subject 
of Project Assessment and Control during the lifetimes of the project until the Soft-
ware Implementation is complete and Project Closure occurs. 

Software Implementation (SI) produces a specified software system implemented 
as a software product or service. This process starts with the establishment of Soft-
ware Requirements, after which Architectural and Detailed Design are produced. 
Software is the Constructed and verified using Integration and Test procedures. The 
final staged being product delivery to the customer. 
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Within ISO/IEC 29110, the purpose of the Project Management process is to estab-
lish and carry out in a systematic way the Tasks of the software implementation 
project, which allows complying with the project’s Objectives in the expected quality, 
time and costs. It is intended to be used by the VSE to establish processes to imple-
ment any development approach or methodology including, e.g., agile, evolutionary, 
incremental, test driven development, etc. based on the VSE organization or project 
needs. 

2.2 Deployment and Implementation Assistance 

In order to assist with the deployment of ISO/IEC 29110 and to provide guidance on 
the actual implementation of ISO/IEC 29110-5 in VSEs a series of Deployment Pack-
ages and Implementation Guides have been developed to define guidelines and ex-
plain in more detail the processes defined in the ISO/IEC 29110 profiles [19].  

A set of Deployment Packages (DP) (which are freely available from [20]) are a set 
of artifacts developed to facilitate the implementation of a set of practices, of the se-
lected framework, in a VSE. A DP is not a process reference model (i.e. it is not pre-
scriptive). The elements of a typical DP are: description of processes, activities, tasks, 
roles and products, template, checklist, example, reference and mapping to standards 
and models, and a list of tools. Packages are designed such that a VSE can implement 
its content, without having to implement the complete framework at the same time.  

To date a series of pilot projects have been completed in several countries utilizing 
some of the deployment packages developed [21]. For example in France, a pilot 
study [22] was conducted with a 14-people VSE that builds and sells counting sys-
tems about the frequenting of natural spaces and public sites. Furthermore a series of 
studies have been conducted to understand the perceptions [23] and potential com-
mitment [24] of VSE management towards ISO/IEC 29110 [25].  

3 The Research Process 

The investigation of stakeholder perception in VSEs towards the adoption of process 
standards and ISO/IEC 29110 in particular relies heavily on eliciting and understand-
ing the views of those who manage and deploy the software processes in situ and the 
interpretation of these experiences and the reality of the situation under study. The 
study therefore, naturally lends itself to the application of qualitative research methods, 
as they are orientated towards how individuals and groups view and understand the 
world and construct meaning out of their experiences. Therefore, the need for a deep 
understanding of the issues in VSEs calls for a qualitative research approach. The ob-
jective of the present study is more focused on creating a detailed description rather 
than creating a theory, accordingly a pure Grounded Theory (GT) method is not appli-
cable but only GT coding process will be used in order to assist researcher in analyzing 
present study data [26, 27]. As depicted in Fig. 1, this study has four main phases. In 
the first two phases, the data collection processes in two countries are completed utiliz-
ing individual and focus group interviews. In the third phase, GT coding process was 
used in analysis data. Finally the data is interpreted and presented in this paper. 
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The second interview method is the focus group interview. It was used in this 
study because team members develop the software and the existence team interactions 
helped to release inhibitions amongst the team members and are from the same com-
pany as the individual interviews participants. Focus group interviews were also cho-
sen because it was the most appropriate method to study attitudes and experiences; to 
explore how opinion were constructed and to understand behaviors, values and feel-
ings [28]. Focus groups have been used in the past in software engineering scenarios 
as valid qualitative methods, e.g. [32, 33]. 

3.2 Data Analysis Methods 

We followed the qualitative contents analysis method and adopted the Grounded 
Theory (GT) [34] data coding process to analyze all collected data and have a syste-
matic data coding activities. This study has essentially employed the Strauss and Cor-
bin [34] approach because the researchers have personal and professional experience 
on software development. It is supportive of theory building and contributes to “theo-
retical sensitivity”, the ability to understand the data’s important elements and how 
they contribute to theory. According to Strauss and Corbin [34], the theory that is 
derived from the data is more likely to resemble what is actually going on than if it 
were assembled from putting together a series of concepts based on experience or 
through speculation.  

Data analysis may begin informally during interviews and continue during tran-
scription, when recurring themes, patterns, and categories become evident. Coding is 
the key process in GT. It is the first step of data analysis and begins in the early stages 
after the first interviews for data collection. They assert that the coding procedures in 
GT are neither automatic nor algorithmic - “we do not at all wish to imply rigid adhe-
rence to them”. Therefore, flexibility may be necessary in certain circumstances. 
There are two types of codes produced as a result of data analysis or coding. This 
process involves the development of the codes, code-categories and inter-relationship 
of categories which is based on the GT process and coding strategy. Three coding 
techniques proposed by GT methodology: open coding, axial coding and selective 
coding have been applied in order to assist researchers in analyzing qualitative data 
and are explained below in the context of this study. In this part all qualitative data 
gathered from individual interviews and focus group interviews were analyzed and 
coded. This process involves the development of the codes, code-categories and inter-
relationship of categories based on the GT process and coding strategy [34]. 

3.3 Study Participants 

Recruiting participants is a significant challenge for any research project as they have 
to spend time on what are often seen as a “non-productive” activity. As two of the 
authors has firsthand knowledge of their local software industry (ie. Ireland and Ec-
uador), potential candidates from commercial software VSEs were been identified 
through prior working relationships. In addition, in Ecuador an e-mail invitation was 
distributed to 30 enterprises of Ecuadorian Association of Software (AESOFT). De-
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spite this effort, the organizations were selected based on availability therefore it was 
a crucial factor for their selection, which is a common practice [35]. 

To ensure participants were fully informed about the implications of their in-
volvement in the research and to comply with the issue ethics, each potential VSE 
was provided with a research profile. In addition, each person who agreed to partici-
pate in the research project as an interviewee was asked to notify via e-mail that con-
firmed that they had understood the implications of their involvement and that they 
were willing to participate. 

Within the Ecuadorian software community 3 VSEs, representing 3 interviews and 
3 focus groups, took part in the fieldwork the semi-structured interview and focus 
group were performed. Within Ireland 6 Irish-based VSEs, representing 6 interviews 
and 6 focus groups, took part in the fieldwork the semi-structured interview and focus 
group were performed. In Ecuador the data collection process took 3 months and in 
Ireland 6 months, which included identifying suitable companies, contacting and con-
firming potential respondents’ process, conducting individual and focus group inter-
views process. 

3.4 Conducting the Interview and Focus Group Sessions 

All of the interview and focus group sessions were conducted in a similar manner 
with one exception. In Ireland all interviews and focus groups were conducted in 
person at the VSE office location. However, in Ecuador on-line meetings were se-
lected because the geographical location of the researchers (at the time of the study 
was conducted) and associated difficulties. Although these online forms provide many 
advantages over traditionally conducted meetings (e.g., savings in travelling and ve-
nue costs, participants feel more comfortable giving negative or controversial feed-
back), they also have distinct drawbacks, too, such as the task of the moderator can be 
much more demanding in online than in face-to-face settings [36]. 

The data was collected by conducting semi-structured interviews with Software 
Project Managers. Two interviews lasted approximately two hours and a half and one 
three hours. Conducting Semi-structured interviews instead of completely structured 
ones help with emergence of the real concerns of participants rather than forcing a 
topic that may be viewed as trivial by the participants. As the nature of the interviews 
had been open, when the conversation moved towards new and interesting areas rele-
vant to the subject, the interviewer pursued and explored the new directions. Keeping 
this in mind, the focus group was performed with software developers, lasting from 
one hour and a half to two hours. Again, this approach was helpful to understanding 
of respondents based on data collected previously. 

Every meeting was voice recorded and then transcribed. A complete transcription 
is very time consuming, but it avoids the loss of data. In this way, it was easier to 
recall the content clearly and to gain a thorough insight into the all the data material. 
The transcriptions were used for the coding of data in the subsequent analysis phase.  
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4 Study Findings and Discussion 

From the qualitative data analysis process, which adopted the GT coding approach, 
we categorise the issues into several identified categories as shown in table 1. The 
details of the main categories are presented below, which grouped and listed out in 
detail the important variable that was gathered from the analysis of understanding the 
actual software process development in very small companies. 

Table 1. GT Themes, core categories and categories 

Sub Category Category Main Category 

High Awareness on Standard Level of Interest 
and Awareness 

 
Quality 

Standard 
Acceptance 

Level 
 
 

Standard Benefit Awareness 
Low Acceptable Level of Acceptance 

 Less Priority  

Perceived Need Barriers Towards Adop-
tion Resource Demand 

4.1 Level of Interest and Awareness 

This category explains VSEs level of interest and awareness regarding software quali-
ty standards in general and of ISO/IEC 29110 in particular. Our analysis has shown 
that there is an interest and awareness about software process standards and the poten-
tial benefits from having a quality standard especially the ISO standards. Leading to a 
quality product, create consistency, improve company image, create consistency in 
development work, improve work process and good for business are the main points 
that the interviewees gave, which indicates VSEs high awareness and interest about 
the benefit of having software quality standard. One company explicitly expressed 
that the company had planned to adopt the ISO 9000 but due to several constraints as 
have been discussed above made the plans to be put on hold. This situation shows that 
VSEs have an interest and are aware about the benefit adopting software quality stan-
dard. This level of interest and awareness is illustrated in the following interview 
extracts: “Yes we do plan too, but since we started we have growth so quickly… we 
spend time learning how we want to do… we started to put those processes in place 
so when we grow we have a good platform.” and “They [software quality standard] 
are nice. It would be great to have them in order to have a consistence software 
process up and running.” 

The analysis has also shown that there is an indicator that small companies are in-
terested and are aware about software process and quality standards. The interviewed 
companies believe that the potential benefits from having a quality standard, and in 
particular ISO/IEC 29110, could be a quality product, improving company image, 
improving work process, creating consistency in development work, making the busi-
ness more profitable because less time is spent on non-productive work. As one inter-
view subject explained “I think it [standard] is necessary, let us not beat around the 
bush, but you have to adapt it to the reality of the company. As I told you, each reality 
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is different  ... so I have assumed few things and implemented few things because it is 
necessary. You cannot live without it”. This concept was backed up by another who 
explained “If you could achieve the standard ... eventually you could decrease the 
costs because you would have a defined process”. Finally a further participant re-
marked, “The great benefit is a more controlled software development process so take 
less time to finish …” 

4.2 Level of Acceptance 

Based on the analysis of the data the researchers found that none of the VSEs are or 
have plans to adopt or accredited any particular standard in their software develop-
ment process. Interview data analysis identified several reasons that have been di-
vided to 2 main subcategories (Low Acceptable and Less Priority) in order to under-
stand the problem in adopting standards. The first subcategory is on the low standard 
acceptable issues, which is due to the perception that process standards are overly 
involved / complicated and lacking in detailed implementation guidance.  

The Level of Acceptance is low because none of the companies are accredited to or 
have plans to adopt any particular lightweight software quality standard. They argue 
that the software quality standards are not tailored with the current development 
process so it is a big challenge. The following three interview extracts describe this 
situation: “There is still a lot to do, to document”; “Many companies do not adopt the 
standards as they are cumbersome and will not have a return on investment”; and  
“I think the first step is to have our well-defined process, we probably need to have 
our own product, and I think the next step is to address the quality issues”. 

The second subcategory in this part is on the low priority issues. The interviews 
analysis also indicates that a software quality standard is a low priority task in soft-
ware development process and activities in VSEs. The interviewees have explained 
several reasons, which indicate this situation. Not compulsory or low demand of the 
accreditation to standards from their client is the main reasons given by all the inter-
viewees. Higher quality of code and delivery time are seen as more important that the 
evaluation of the development process. Software quality standards were seen as ‘sale 
tool’ only. They also responded that current software quality standard objective such 
as encapsulated in standards such as ISO 9000 are more toward on the management 
and services of the software development process rather than a software technical 
issues and product. They also believed that the software quality standards are built for 
the big companies rather than for VSEs. This is illustrated in these interview extracts: 
“If you want to get done quickly then what you need is focusing to the output not the 
process”; “A lot of process in quality standard is nonsense. Some ISO standards tell 
you to do XYZ steps but they may be not being beneficial to our business”; “We do 
informal research if we found something cool article I will try to followed to improve 
our process. But seriously standards quality is not on my list” and “Standard is just a 
sale tool.” 
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4.3 Barriers to Adoption 

This category explains the barriers to adoption in particular die to a lack of Perceived 
Needs and a high level of perceived Resource needs. 

The data analysis indicates that VSE believe that they do not need it because they 
are small and have limited resources in the company. They were not interested in 
adopting any quality standard due to the cost, time and effort involved. In addition, 
there are perceived difficulties in implementing a new process that everyone can un-
derstand and follow clearly. One company in relation to CMMI explained such bar-
riers as “These methodologies [such as CMMI] are still very large for our size. There 
are still a gap between our human resource and our financial resources”. Another 
remarked on the effect of people related perceptions as barriers by stating that “I just 
tell you the people. People should be involved ... there is always resistance to 
change”.  

On a related point one participant highlighted the need for integration to counteract 
barriers by stating “You have to do it along with the daily work ... paper can withstand 
all but you have to put it into practice, too”. Another company explained that “We 
made up our own methodology, it was adapted to our reality and it works, we need 
agility, unfortunately we also need to have formal documentation otherwise the cus-
tomer relationships are complicated but I cannot overburden”. 

In addition, the adoption of standards would require additional resources which 
would have an additional cost to the company. Participants also believed that the 
processes as described in software standards are not easy to actually tailor and imple-
ment in these organizations. For example, the view was consistently expressed that 
current software quality standards such as ISO9000 cannot be adapted and followed. 
In relation to that, all the interviewees believed that involving or adapting software 
quality standard in their process will increase the project cost and delay the project 
delivery. Meanwhile, they argue that the process involved software quality standards 
are not tailored with the current development process, which are more brief, informal 
and very light in process. The following interview extracts describe this situation: “In 
a company of our size they [standards] would not necessarily add value… we would 
need more sophisticated process if we were a larger company”; and “Too much do-
cumentation and you need somebody to just work on the software process alone. Be-
cause our developers are busy with coding, documentation is the last thing they do.”  

Furthermore, the analysis also indicates that the lack of requirement from the mar-
ket in general and their customer in particular has contributed to low acceptance of 
such standards. During the interviews it was also shown that accreditation against 
software quality standards is only important when companies involved or plan to 
work with the government bodies or state agencies that have such a requirement. Con-
tributing to this is the fact that most VSEs clients are private, small or individual 
companies which do not have a standards accreditation requirement. The following 
interview extracts best describe this situation: “We had never had a problem selling 
our stuff or not selling our stuff because of an ISO standard. Microsoft Windows 
standard are sometimes important, but ISO who cares!” and “I never heard anything 
from sales that we couldn’t sell anything because of lack of ISO standard.” 
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4.4 Requirements of a Standard 

In order to understand more about software quality standards in VSEs, we asked the 
interviewees the criteria they considered important in a software quality standard. The 
purpose here is to understand in detail the criteria that VSEs consider is important in 
order to encourage among small companies the adoption of a software quality stan-
dard such as ISO/IEC 29110. The respondents indicated that it requires a number of 
issues to be addressed such as: 

• Minimum overhead of resources (time, people and financial) 
• More information about the standards such as guidelines, deployment packages 

and certification process scheme. 
• Papers about case studies of its adoption in terms of time required, workload 

and lessons learned. 
• Expert Assistance and detailed guidelines 
• Provide clear templates 
• Provide workshop and/or training on how to actually apply it 

Although not all participants were knowledgeable in software quality standards, all 
of them agreed that ISO/IEC 29110 could be helpful. As a project manager in one of 
the companies, which is EFQM certified company, said: “I think and I am increasing-
ly convinced that many past years with adequate knowledge could be compressed into 
a tablet ... we have done things differently”. 

5 Conclusions 

The issues identified can be as: the level of acceptance, level of awareness and new 
standard criteria. The first category has prevailed that the acceptance level of any type 
or model of software quality standard in VSEs is very low and less priority. The rea-
sons are mainly related to the low level of customer or market requirement, lack of 
resources and, lengthy and difficult procedures. However, the analysis also showed 
that the level of awareness of software quality standards and its advantage are high 
and there are some initiatives or plans to adopt in the not near future. The third cate-
gory indicates the criteria needed or proposed by the VSEs, which include the detail 
guideline and assistance, less overhead and resources and aligned with VSEs current 
process, that must be aware in order to encourage or to attract VSEs seriously in-
volved in software quality standards.  

As ISO/IEC 29110 is an emerging standard there is much work yet to be com-
pleted. The main remaining work item is to finalize the development of the remaining 
profiles and the development of additional Profile Groups for other domains such as 
critical software, game industry [37], scientific software development are being stu-
died. In addition, recently, the ISO working group was mandated to develop a standard 
for VSEs developing systems engineering [38, 39] and is investigating ITSM [40] and 
agile development approaches [41]. 

The relationship between the success of a software company and the software 
process it utilized has been investigated [42–44] showing the need for all organiza-
tions, not just VSEs to pay attention to software process practices such as ISO stan-
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dards [45]. Here fore ultimately it is the position of the authors that standards such as 
ISO/IEC 29110 have a potential important impact on the software industry. 
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Abstract. We propose a new approach to agile methodologies leading us to a 
new agile implementation that is formed as the result of works and studies con-
ducted to make risks in development process predictable and manageable ow-
ing to analytical data. 

In this paper, the time parameter is taken as the most crucial independent va-
riable to manage and secure efficiency and productivity for Software Intensive 
Organizations. Our work elaborates on the unique methodology obtained by 
adapting Agile Software Development methods, which are of late years being 
used in the industry in software development processes. 

We demonstrate a new approach to the concept of Story Point, which is de-
fined in agile methods, and Business Value [3] - a topic of Lean-Agile Software 
Development and a performance index OTEQ which embodies measures re-
lated to efficiency and quality. 

Keywords: Software engineering · Agile software methodologies · Statistical 
process management 

1 Introduction 

Approximately 80 percent of the costs incurred by Software Intensive Organizations 
of which main activity field is software development; meaning that even the slightest 
improvement in development processes makes a major contribution.  

LAPIS is an agile implementation influenced by lean management philosophy; it is 
contributed by all members of LOGO product development teams. LAPIS like all agile 
approaches start by accepting from the beginning that the scope of project may change 
continuously during the process. Therefore, it does not see possible changes as an ex-
ception. It manages complexity through short-cycle outputs and continuous feedback 
loops in order to minimize the risks encountered due to unexpected changes. 

Logo was founded in the early eighties to develop business applications for small 
and medium size enterprises. Over the decades, several methods were developed in 
house, modelling from earlier engineering disciplines, or were adopted from outside 
for product, project and quality management. Logo is one of the early adopters of 
SPICE in 1996, and later of CMMI. The attempt to reach the aggressive target of 
CMMI-4 failed, and the project was abandoned in 2005. For a company selling soft-
ware packages, under severe time pressure, the documentation process of these me-
thodologies looked excessive and not feasible. 
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Since the problems of timely delivery, resource estimation and high quality have 
not disappeared to anywhere, a need to develop a new software process was reconsi-
dered in 2008. Due to the previous failures, and to overcome the resistance of the 
developers to outside methodologies, the new process was not developed and intro-
duced at once, but let it be evolved in time. First, the timely delivery problem was 
handled and a company wise system clock was introduced which was based on Lo-
goWeek with inspiration from Toyota Manufacturing System[2]. Release plans are 
subdivided into weekly cycles, each of which is called as LOGOWeek. Release cycle 
consists of 7 weeks and each cycle has a planning of its own.  

After completing several cycles successfully, every operation primarily related to 
product development, and, then sales & marketing and customer support is synchro-
nized to this system clock. Thus the company was operated synchronously around in a 
corporate rhythm. This synchronous operation had helped the software development 
department to gain the confidence of the management, the partners and the customers 
by timely deliveries. 

Relying on the success of the method, the chance of introducing a more rigorous 
and complete system had increased and the work towards a more comprehensive sys-
tem started. By adopting roles and concepts like Product Owner, Story Point from 
Scrum [7] and Business Value from Lean-Agile Software development [3], a custom 
methodology which is suitable for a mature business software company developed. 
As the system is evolved and matured, measurement experience coming from CMMI-
4 was easily introduced. Again with inspiration of OEE from Toyota Manufacturing 
System, an new index OTEQ was developed to monitor the performance of the devel-
opment system. And, thus, the system which helped the phenomenal growth and prof-
itability of the company, LAPIS (Logo Agile Process Development System) had been 
developed. 

2 LAPIS Components 

2.1 Roles in LAPIS  

LAPIS integrated 3 fundamental roles used by Scrum methodology into its model.  

Product Owner [4][6]: Responsible of maximizing the Return of Investment (ROI) 
by compiling and managing all features and functions needs to be developed in prod-
uct backlog. Prioritizes the items of product backlog and negotiates over the required 
developments with Development Team in sprint planning meeting where sprint back-
log is determined by considering development capacity. Development teams negotiate 
these concerns with their Product Owner during the whole process.  

Agile Coach [5]: Conducts process adaptation and is responsible of managing the 
process properly.  

Development Team: Responsible of developing the sprint backlog which is deter-
mined after the negotiations took place in sprint planning meeting with the Product 
Owner. Development team has the right to decline candidate items during the plan-
ning meeting. However, the team is responsible of delivering all accepted items at the 
end of the sprint.  
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Feedbacks considering the efforts made in development process are provided with the 
help of BurnDown [7] Charts shown on the screens, which were placed in the environ-
ment of Development Teams. Thanks to the BurnDown Charts, continuous feedback has 
contributed positively to the project follow-up and motivation. BurnDown Charts shown 
in Figure 5 and Figure 6 prove such improvement over the years.  

2.3 Time Management in LAPIS 

All software development projects are complex systems. Long-term / big waterfall 
projects imply risks that are hard to manage. LOGO produces mission critical prod-
ucts. All products are being used in customer environments and have iterative and 
incremental development of new functionalities. Therefore, risk management is cru-
cial. Software development projects, dissimilarly from various engineering projects 
(e.g. aircraft project) allow for evolution to occur continuously. Therefore, it can be 
redesigned and developed after short-term development processes in case of not being 
able to achieve target results. Managing the risk that incur due to incorrect designs is 
almost impossible in big Waterfall projects. LOGOWeek envisages the division of 
planning the sprint backlog items in weekly cycles to ensure the full realization of 
short-term plans within the sprint cycle again to minimize the risk of failure or faulty 
completion. At the beginning of each week, development team gathers to make a 
weekly plan. After deciding on the weekly plan, unlike other agile applications, no 
other daily evaluation or meeting is conducted until the last day of the week when the 
weekly build is done[1]. It is aimed to adapt time-management notion into corporate 
culture and create an understanding of a common system-time for company's ecosys-
tem. LOGOWeek can be seen as a short-term Waterfall approach.  

2.4 Story Point in LAPIS 

Story point as a measure of the effort that is required to implement a story is inte-
grated from other agile methodologies into LAPIS. 

Story Point is a numerical value which represents the effort to develop a func-
tion/feature or a bug-fix. Agile methodologies like Scrum try to estimate the efforts of 
implementations using limited and fixed numerical sequences (Fibonacci se-
quence).“Scrum Poker” is commonly used as a consensus-based technique for esti-
mating development effort and the assignment of Story Points values. This method 
makes it harder to carry out measurement in the long run and evaluate development 
teams working on different platforms by the same unit of measure in SIO companies. 
Therefore LAPIS uses a table of Story Points allowing to determine the work load of 
each item depending on analytical and continuous data. “LAPIS Story Point” table 
keeps software development activities in a table. Development teams split the backlog 
items into smaller work items in this table, and then add up Story Point values of each 
activity to determine the required Story Point value to perform an item. This method 
provides convenience in measuring and evaluating analytically the sub-sets of the 
relevant development and units of work for each development. It also provides the 
details of the "Definition of Done" criterion.  

2.4.1 Story Point Calculation Method 
In order to calculate Story Points, we use a table of Story Point developed within the 
scope of LAPIS. This table has a comprehensive software development activity set. 
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The table presents a base point (difficulty level: easy) for each activity and coefficient 
assigned to each difficulty level.  

The base point of the activity which will take the shortest time and is easiest to im-
plement among all activities in Story Point table is determined as "1". After that, a 
base point is given to all other activities with reference to the aforementioned activity. 
The first activity is determined by common consent based on the experiences of soft-
ware specialists.  

All activities are defined in terms of activity type, difficulty and quantity, and ac-
tivities' total Story Point related to the software development activity is calculated.  

Example: Let's assume that our development activity has two new reports of Degree 1 
difficulty level. The activity type we need to select, according to the table below, is 
Report - Development of New Report. The difficulty level would be Difficult (Degree 
1) and the quantity should be 2.  

Total Story Point : 35x4x2 = 280 

Table 1. Story Point calculation table 

  Difficulty 

Story 
Point 
table for 
coding 

  Easy  Normal Difficult 
(Degree 1) 

Difficult 
(Degree 

2) 

Difficult  
(Degree 3) 

Difficult  
(Degree 

4) 

  Coefficient 1 2 4 8 12 16 

Activity 
type 

Base value       

Report - 
Devel-
opment 
of new 
report 35  2       
Report – 
Modify 
existing 
report 5             
Report – 
Perfor-
mance 
improve-
ment of 
existing 
report 

8             

Total Coding SP  280 
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2.5 Business Value in LAPIS 

The purpose of Business Value (BV) as one of the topics of Lean-Agile Software 
Development is to ensure that shipped implementations are customer driven and meet 
customer requirements. LAPIS bases BV value on a specific calculation to be be-
tween 0-500 values. There are 5 questions which must be answered to calculate BV 
value for all items in Sprint Backlog of the product. There is a numerical value and a 
coefficient corresponding to the answer given for each question/criterion. The total of 
all values gathered from these answers is accepted as the Business Value of item. 
Business Value is assigned by the Product Owner.  

The 5 questions are; 

▪ What is the priority of this item 
▪ What is the severity of this item 
▪ How frequently is this item encountered by customers 
▪ Is this functionality available in rival products 
▪ What will it cost if it is not implemented 

2.5.1 BV Calculation Method 

The Product Owner must assign BV for all defects/new features that are requested in 
Sprint scope.  

In order to assign Business Value, the Product Owner answers five questions given 
above. The Product Owner's answer to each question is a criterion that will represent 
a numerical value, and the total of these numerical values is accepted as Business 
Value of the relevant defect/new feature.  

For example, the options, which are available for the Severity criterion and their 
numerical values, are as below. (Since the contribution of Severity criterion to the  
 

Table 2. Effect of Severity criterion on BV 

Severity  Condition 
Effect to 
Business 

Value 
New Feature - 
Mandatory 

Function related to customers' critical activities.  
125 

New Feature - 
Useful 

Without this function, customer activities are not blocked 
but it causes some difficulties. Performance and usability 
will increase if implemented.  62,5 

New Feature -
Nice to have 

Not a function of product's core functionalities but user 
experience and usability will improve if implemented. 12,5 

New Feature - 
Unnecessary 

Unnecessary function for the product.  
0 

Defect – Critical System fails, data loss or data corruption occurs, critical 
function fails due to this defect. 125 

Defect – Major An important function does not work as expected, there is 
no possible workaround for this problem in some cases 
system restart is needed. 93,75 

Defect – Minor Function failure can be tolerated. Workaround or usage 43,75 
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difficulties exist. 
Defect – Insigni-
ficant 

Visual problems or defects that do not affect product 
functions. 12,5 

Business Value is determined by a coefficient, there are fractional numbers.) The 
options are selected and are classified according to the description given in Condition 
field. For instance, in order to accept a defect as "critical", it should comply with 
"System fails, data loss or data corruption occurs, critical function fails due to this 
defect" description. 

3 OTEQ (Overall Team Efficiency, Quality) formula:  

The OEE (Overall Equipment Effectiveness) formula that is used in Lean Production 
has inspired the OTEQ (Overall Team Efficiency, Quality) formula by which we aim 
to define a new performance metric that will take quality factor into account.  

 

OEE formula is defined as below. 
OEE = Availability x Performance x Quality 

OTEQ formula is defined by adjusting the components of this formula 
within the scope of LAPIS.  

(i) “Availability” parameter: 

According to the original OEE, Availability parameter is defined as below.  
 
Availability = Operation Time / Planned Production Time 

Assuming that the performance of man can be infinite owing to flexible 
working hours, Availability is accepted as "1".  

(ii) “Performance" parameter:  

According to the original OEE, Performance parameter is defined as below. 
 

Performance = (Total Pieces/Operating Time)/Ideal Run Rate) 

By adjusting the Performance parameter, the following formula is defined 
to calculate how much Story Point is spent in t number of days by n number 
of coders.  

   ( Story Point / ( # of Coders)(# of Days) ) 

(iii) “Quality” parameter :  

According to the original OEE, Quality parameter is defined as below. 

 
Quality= Good Pieces/Total Pieces 
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The total of damage points belonging to the defects reported by customers 
is included in quality formula as denominator. The damage value of a defect 
is the numerical value assigned to the damage caused by the defect. A dam-
age point can have values between 1 and 13.  

Below is the adjustment of OEE formula into OTEQ formula:  

   (OTEQ=(1)(  Story Point /( #Coders)(#Days)(1+ Damage Value of De-
fects)) 

Figure 4 is a chart showing OTEQ values calculated by data which is gathered 
from a product line of LOGO Software. The chart demonstrates a period between 
2012 and 2014.  

 

 

Fig. 4. OTEQ chart  

Figure 4 shows that the performance criterion that is represented by OTEQ formula 
built upon the quality criterion has positively increased during the application of 
LAPIS. After examining our data, we concluded that the increase from 13.R4 until 
14.R2 in the above chart resulted from the decrease in ∑ Damage Value. This infor-
mation points out to the decrease in the number of errors and / or in the severity of 
these errors, which are reported by the customers directly.  

3.1 Damage Value Calculation Method 

All defects reported by customers are classified as "new" or "old" according to their 
report date. If the reported defect exists in the version that is released a year ago as of 
the report date, it is classified as "old". If it does not exist in a-year-old version, it is 
classified as "new".  
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Only the new defects are included in damage value calculation. By considering the 
Severity value given in BV assignment, Product Owners assign a numeric value ac-
cording to the table below.  

Table 3. Damage Value table 

Business Value - Severity
Damage 
Value

Defect-Critical 13 
Defect-Major 8 
Defect-Minor 3 

Defect-Insignificant 1 
New Feature-Mandatory 5 

New Feature-Useful 0.0001 
New Feature-Nice to have 0.0001 
New Feature-Unnecessary 0.0001 

 
The Product Owner assigns BV only for the defects/new features which are re-

quested in the new version. The defects, which are not included in version and thus 
have no Damage Value, are assigned the average of DV calculated in the relevant 
period, and they are included in OTEQ calculation.  

4 Results of LAPIS Applications to Development Process  

There is hard data for certain main topics and processes to which this system has con-
tributed. Evaluating the results of measurements and using them as system inputs 
have significant effects on continuous improvement. Some of the main topics and 
examples of such improvements achieved by LAPIS are as below. 

 
(i) Providing continuous feedback to all product development team increased per-

formance and reduced potential delays in release dates.  
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Fig. 5. Burndown chart of second release in 2011 (2011. R2) 

 

 

Fig. 6. Burndown chart of fourth release in 2014 (2014. R4) 

In Burndown chart shown in Figure 5 and Figure 6, dotted line represents actual use 
of storypoints while the solid line shows the expected use of storypoints. In the burn-
down chart of 2014.R4, it is clearly observed that actual consumption has improved.  

Actual burndown values converge target burndown line in Figure 6, indicating 
process improvement and equal distribution of workload density during the Sprint.  
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(ii) Improving the quality of software development by minimizing content changes 
during the sprint. Increasing the concentration by reducing the divided jobs during 
development. 
 

Figure 7 shows the average number of failed tests returned to testing team by cod-
ers and the number of items returned to coders. It is observed that return count has 
decreased. 10 out of 100 items sent by coders to the testing team to be tested need 
bug-fix. This ratio was 32 items out of 100 at the beginning.  

Return count decrease shown in Figure 7 is attributed to the fact that coders' con-
centration has increased in comparison to the previous period; they were rarely inter-
rupted due to external works and their to-do items were described more clearly by the 
use of Storypoint table.  

 
(iii) Estimating staff needs by evaluating the average storypoint consumption data.  

 
 
 
 
 

 
 

Fig. 7. Average of Return Count on Version Basis 
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Fig. 8.  Daily average coder/storypoint consumption  

Daily storypoint consumptions per coder is an important input parameter that trig-
gers annual recruitment plans and strategic development plans. Before LAPIS, such 
estimations were attempted without numeric values.  

 
(iv) Early on LAPIS, spring planning meetings lasted a day on the average while it 

now turned into 2-3 hour meetings. 

5 Survey Results 

A survey was conducted on the purpose of measuring the changes LAPIS has brought 
into the lives of product development team members. 39 people participated in total, 
and the results are as below:  

Table 4. LAPIS Survey Results 

  Definitely Agree Not Sure Do not agree Definitely 
disagree 

Motivation has in-
creased 2% 52% 30% 13% 3% 

LAPIS is useful 25% 60% 5% 5% 5% 
Friction between 
teams has decreased

20% 40% 37% 0% 3% 

Interruptions has 
decreased 8% 56% 15% 18% 3% 

Overall efficiency has 
increased 15% 50% 15% 17% 3% 

Product quality has 
increased 12% 52% 18% 13% 5% 

Realistic project 
planning opportuni-
ties were obtained

7% 65% 18% 5% 5% 

Due to LAPIS I'm 
able to plan my time 
better  

10% 62% 13% 10% 5% 

Knowing that my 
personal performance  
is followed has a 
positive impact on 
my performance. 

7% 58% 20% 10% 5% 
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6 Conclusion 

Thanks to LAPIS, product development activity processes have been grounded on 
systems that are measurable, predictable and through which teams can reach a con-
sensus. The improvements have affected the whole ecosystem and increased confi-
dence in company outputs. Now we announce annual release dates to the company 
ecosystem at the beginning of the year. Delays in project due dates - which are almost 
accepted as default - are now prevented. This system provided an average of 0.3 days 
deviation in the standard sprint cycle of 35 workdays in the last 3 years. 

By developing a standard software work unit (Story Point), potentially problematic 
issues in software sector such as capacity planning, cost calculation, delivery date 
assignment etc have been rendered measurable and traceable analytically. It is ob-
served that customer satisfaction has increased owing to company's response time. 
Working systematically has been proven to affect competitive power positively 
through our business partners and then customers.  
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Abstract. In this paper, we present AgilityMod that we developed with the pur-
pose of identifying agility levels of software development projects, indicating 
agility gaps and providing roadmaps to organizations in adopting agile princi-
ples/practices. AgilityMod shares the meta-model structure of ISO/IEC 15504, 
software process assessment model, however, it differentiates from ISO/IEC 
15504 in terms of its process architecture, process descriptions and description 
of other model elements. In this paper, we focus on the structure of the Model 
and describe the development stages of the Model. In addition, we briefly pre-
sent a multiple case study that included eight cases, which was conducted to 
identify applicability and suitability of the Model. 

Keywords: Agility assessment · Agile software development · Agile · ISO/IEC 
15504 · AgilityMod 

1 Introduction and Motivation 

Agile software development approaches are developed as a reaction to traditional 
methods that are characterized with extensive planning, heavyweight processes and 
bureaucracy [1]. They are characterized by delivering a working software to the  
customer through short, time-boxed iterations, and encouraging people to minimize 
bureaucracy, collaborating, self-organizing, embracing variability, balancing up-front 
work and just-in-time work, favoring adaptive and exploratory approaches and pro-
viding fast-feedback [2, 3]. Agile software development methods are frequently 
adopted in the recent years by the software community as they are seen as a complete 
solution for problems like missing deadlines, exceeding budgets, delivering final 
products that do not meet the needs of  the customer [4].  In the state-of-agile survey, 
VersionOne presents that 52% of the projects are managed with agile techniques in 
software organizations [5].  

On the other hand, Ambler [4] states that there are an increasing numbers of 
project failures associated with agile strategies. In the 2013 IT Project Success Rates 
Survey, 30% of the participants reported that they had experienced challenges in an 
agile project, and 6% of the participants reported failure [6]. 

These failure stories indicate that organizations do not get a full benefit from agile 
software development techniques. What we also observed from our personal expe-
riences is that the organizations that are new at agile software development techniques 
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start by selecting a few agile practices, adapt them in the way they prefer and con-
vince themselves as doing agile software development, until they see no improvement 
or even get worse results than their traditional techniques.  In addition “agile” is being 
used as an excuse for being undisciplined by some of the organizations. 

Because of these reasons there is a fundamental need to assist organizations in adopt-
ing agile methods/practices and to guide them for improving their agile capability [7]. 

In the current state, there are about forty models related to agile maturity, including 
both academic publications and Internet publications [8, 9].  These models are 
grouped into three based on the classification by Schweigert et al.: ones that are influ-
enced by the structure of CMMI, ones that have a specific leveling structure and ones 
that do not use explicit leveling structure [8]. They argue that these models do not 
measure the real agility and support guidance. Instead, they check for the implementa-
tion of some specific agile practices. 

In one of our previous studies [10], five of the most frequently referenced agile 
maturity models were applied in an organization, and evaluated. The evaluation was 
based on six quality criteria: fitness for purpose, completeness, definition of agile 
levels, objectivity, correctness and consistency. The results of this study indicated that 
none of these models satisfies all the expected criteria, and need to be improved  
in terms of scope, definitions of agility levels and objectivity. The most obvious defi-
ciency of the models is that they do not support an agile process architecture holisti-
cally. Each model focus on different parts of the software development life cycle. 
None of the models has a well-defined structure with process inputs, practices and 
outputs forms. 

Among this model quagmire, there is no commonly accepted agile maturity/ 
assessment model.  

In order to cover this need, we developed a well-structured Software Agility  
Assessment Reference Model (AgilityMod) to be utilized for the agility assessment of 
software projects. AgilityMod is designed fully compatible with the agile process 
architecture (the structural design of the processes). The Model provides a complete 
guidance to organizations so that they could observe their weaknesses and problemat-
ic areas and implement the agile processes and practices correctly and in consistency 
with agile manifest. The model also provides means for helping project teams avoid 
incorrect tailoring. 

In this paper, we present the structure of the Agility Assessment Reference Mod-
el_v3.0 in detail, and briefly describe the development stages of the Model. We  
performed a multiple case study including eight cases with the purpose of observing 
the applicability of AgilityMod in real projects. Although our focus in this paper is the 
description of the Model, we briefly present a multiple case study. 

2 A Software Agility Assessment Reference Model 

Software Agility Assessment Reference Model has been developed in two years time. 
The first version was published in July 2014. Since then, various works have been 
published wih the previous versions of the Model [11-13]. The version that is 
introduced in this paper is the latest and the third one.  
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2.1 Relation of AgilityMod with ISO/IEC 15504 

Existing agile maturity models do not have sound structures [10]. These models 
provide agile level descriptions, basic key characteristics and assessment questions. 
They are insufficient in defining outcomes and performance indicators such as 
practices and work products [10].  

Although there are different ways to describe a model, we selected to use ISO/IEC 
15504 (SPICE) [14, 15] as a basis for the meta model structure of AgilityMod. Major 
reason of selecting ISO/IEC 15504 as a basis is, its well-defined and is a commonly 
accepted meta-model structure. On the other hand, SPICE which has been developed 
based on 12207 Software Life Cycle proceeses [16], has not been extended to be 
compatible with agile practices and processes. The current process structure of 
ISO/IEC 15504 does not comply with agile processes and principles.   

ISO/IEC 15504 provides a structured assessment framework for software 
processes. It facilitates process assessment, provides a basis for use in process 
improvement and capability determination, and provides process rating, which 
represents an objective image of current state of a process. The structure of ISO/IEC 
15504 allows evaluation and improvement of processes separately. This property 
brings a significant level of flexibility to process improvement endeavors. There is no 
need to classify  a numbers of processes for a maturity level and define the rationale 
behind that classification.  

On the other hand, although studies show that SPICE can be effectively used in 
agile contexts [17, 18], existing process structure of ISO/IEC 15504 does not comply 
with agile processes and principles. ISO/IEC 15504 provides a two dimentional 
approach for assessment: the capability dimension and the process dimension. The 
process dimension includes 48 processes defined in conformance to ISO/IEC 12207 
Software life cycle processes AMD1 [16] and AMD2 [19]. Capability dimension 
defines software capability in five levels. We do not go into further details of ISO/IEC 
15504 here but we need to mention that, in order to achieve compatibility with agile 
process architecture, we had to change its components and component descriptions.  

2.2 Components of AgilityMod 

AgilityMod consists of the following concepts and components: 

Dimensions: AgilityMod has two dimensions: the aspect dimension, and the agility 
dimension. We define agility levels and aspect attributes at the agility dimension, and 
define aspects, aspect practices, outcomes and example work products at the aspect 
dimension. 

Aspects: Formal process layers of traditional software development are intertwined to 
each other in agile software development. It is difficult to specify boundaries of agile 
processes. Aspects which are new modularization of agile processes and practices are 
integrated under meaningful and agile compatible abstract definitions. They are sets 
of interrelated and interacting activities. From this point of view, we defined four 
aspects in AgilityMod, fully covering a software development life cycle: Exploration, 
Construction, Transition, and Management. Aspects belong to the aspect dimension. 
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Aspect Practices: Aspect practices are activities or activity groups that contributes to 
achievement of an aspect purpose and outcomes. Aspect practices also include agile 
elaborations which describe how plain software development practices can be applied 
from an agility perspective.   

Aspect Attributes: An aspect attribute is an indicator of the aspect performance. It 
defines the characteristic of an aspect. AgilityMod defines 5 aspect practices, all of 
which are applicable to all aspect practices. Aspect attributes are represented in the 
agility dimension, are listed below: 

The Aspect Attribute of Level 1 is “Perform Aspect Practices”. “Performing Aspect 
Practices” attribute is a measure of the extent to which purposes and goals of the aspects 
are achieved by implementing the related practices described in aspect dimension. 

The 1st Aspect Attribute of Level 2 is “Iterative”. “Iterative” attribute is a measure 
of the extent to which the work products are delivered in an iterative and incremental 
way to achieve the specific outcomes. 

The 2nd Aspect Attribute of Level 2 is “Simple”. This attribute is a measure of the 
extent to which the aspect practices are arranged and performed by focusing on deli-
vering business value. The purposes of “simple” attribute are to support aspects to 
eliminate any kind of activity that does not add value and cause waste in software 
development process, to achieve the balance between the just-in-time works and up-
front works and to manage the incoming and outgoing workflows.  

The 1st Aspect Attribute of Level 3 “Technically Excellent”. This attribute is a 
measure of the extent to which the agile engineering methods and tools are integrated 
into aspects to improve productivity and lower defects. Agile engineering practices 
such as test-driven development, continuous integration, and pair programming  
and integration of agile tools bring technical excellence to aspects. When technical 
excellence and other attributes from second level are brought together, teams gain the 
Agility to manage technical debt, improve team productivity and decrease defects.  

The 2nd Aspect Attribute of Level 3 is “Learning”. “Learning” attribute is a meas-
ure of the extent to which from a broader point of view aspects serve for the purpose 
of organizational learning and improvement 

All these attributes are derived from the agile manifesto and twelve agile principles 
[20] by combining the related principles together. We cover each principle in one of 
the aspect attributes.  

Example Work Product: Example work products are outputs that are produced at the 
end of the successful achievement of an aspect or agility attribute. 

Fallacy: Fallacies describe the wrong implementations which are assumed to be true.  

Generic Agility Practice: Generic agility practices are activities or activity groups that 
contributes to achievement of an aspect attribute. Descriptions given after each gener-
ic practice specify the outcomes after a successful achievement of a practice. 
Generic Resource: A kind of resource that is utilized in the conduct of an aspect or 
agility attribute. 

Outcome: Outcomes are observable results of aspects. 

After the description of the components, we provide the mapping of AgilityMod 
components and ISO/IEC 15504 components in Table 1. 
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Table 1. Mapping Between AgilityMod Components and ISO/IEC 15504 Components 

ISO/IEC 15504 Component AgilityMod Component 
Process Aspect 
Base Practice Aspect Practice 
Process Attribute Aspect Attribute 
Generic Practice Generic Agility  Practice 
Generic Resource Generic Resource 
Work Product Example Work Product 
Purpose Statement Purpose Statement 
Outcome Outcome 

2.3 Dimensions in Detail 

The Figure below shows the dimensions of the Model, the aspects, and the agility 
levels: 

LEVEL 1: AD-HOC

LEVEL 0: NOT IMPLEMENTED

LEVEL 2: LEAN

LEVEL 3: EFFECTIVE

AGILITY ASSESSMENT 
REFERENCE MODEL
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Agile Practices and Processes  

Fig. 1. Major components of AgilityMod 

Agility Dimension 
Each aspect might be at one of the 4 levels of agility that are “Not Implemented”, 
“Ad-Hoc”, “Lean” and “Effective”. When an aspect’s agility progresses from the 
bottom level: “Not Implemented” to the top level: “Effective”, its conformance to 
agile values and principles increases. 

At Level 0, aspect practices are either partially achieved or not achieved. At Level 
1, organizations are capable of performing fundamental development processes such as 
requirements development, design, coding, integration, testing, and deployment consis-
tently. There are transition attempts towards the agility by exploring best fitting agile 
practices or approaches. Aspect practices are implemented and aspect purposes are 
achieved; however agile values and principles are not fully incorporated into aspect 
practices. At Level 2, work products are developed iteratively and incrementally,  
non-value added activities are eliminated from the aspect practices, balance is achie-
ved between adaptive and predictive works. At Level 3, each aspect is performed  
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to achieve delivering value with high productivity and low defects by employing agile 
engineering practices and using agile tools to support a continuously improving envi-
ronment. 

In Table 2, we provide aspect attributes and generic agility practices related to each 
agility level. 

Table 2. Generic Agility Practices and Aspect Attributes of Agility Levels 

Agility Level Aspect Attribute Generic Agility Practices 
Level 1: Ad-Hoc 1.1 Performing Aspect 

Practices 
GP 1.1.1 Perform aspect practices 

Level 2: Lean 2.1 Iterative GP 2.1.1 Develop work products in an 
iterative and incremental way 

GP 2.1.2 Communicate effectively  

2.2 Simple GP 2.2.1 Balance the predictive work and 
adaptive work  

GP 2.2.2 Employ minimally sufficient 
ceremony 

Level 3: Effec-
tive 

3.1 Technically  
Excellent 

GP 3.1.1 Incorporate agile engineering 
methods/practices to the aspect practices 

GP 3.1.2 Integrate tools to aspects to im-
prove the productivity  

3.2 Learning GP 3.2.1 Support collaborative work and 
shared responsibility 

GP 3.2.2 Adopt agile leadership styles and 
adjust the behaviors towards mistakes of 
people  

GP 3.2.3 Encourage people in the organiza-
tion to participate in learning, teaching and 
improvement   
GP 3.2.4 Collect measures to support learn-
ing and improvement 

Aspect Dimension  
Aspect dimension is characterized with 4 aspects: Exploration, Construction, Transi-
tion and Management. In this dimension, we describe the aspect purposes, the out-
comes, the aspect practices, the relation of the aspect practices with outcomes,  
the example work products and the fallacies which needs to be avoided. We provide 
the aspect practices of each aspect in Table 3. 
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Table 3. Aspect Practices based on each Aspect 

Aspects Aspect Practices 
Exploration Aspect E.AP1: Capture the customer and user needs 

E.AP2: Elaborate requirements artifacts 

E.AP3: Detect and resolve conflicts of requirements arti-

E.AP4: Specify dependencies among requirements arti-

E.AP5: Manage the requirement artifacts 

E.AP6: Make the artifacts visible to everyone 

Construction Aspect CN.AP1: Elaborate the work items 

CN.AP2: Explore the design 

CN.AP3: Develop the solution 

CN.AP4: Ensure the correctness of software at developer 

Transition Aspect T.AP1: Create and Manage the Workspace 

T.AP2: Integrate the Code 

T.AP3: Deploy the solution 

T.AP4: Test the integrated solution 

T.AP5: Make the progress visible 

T.AP6: Create the supporting documentation 

Management Aspect M.AP1: Initiate the project 

M. AP2: Form the team 

M.AP3: Align and adopt the environment 

M. AP4: Establish the physical work space 

M.AP5: Plan the progress 

M.AP6: Estimate the work items 

M.AP7: Monitor the progress 

M.AP8: Manage and mitigate the risks 

3 Development Stages of AgilityMod 

In this sub-section, we describe the progress of development of AgilityMod in time. 
All of the development stages, the findings and the actions that was taken to improve 
the model, worth further explanation. However, because of the page limitation, we 
just mention them here and leave the detailed discusions to further studies. 

We developed the first version of the Model after the research on agile software 
development, agile adoption and agile transition concepts. We also evaluated existing 
agile maturity models through a multiple case study [10]. By exploring agile models 
[21-25], we understood the agile values in practice and the reasoning behind the prac-
tices, and developed the aspect dimension of the model. By exploring how organiza-
tions mature in agile environments [26-30], we developed the agility dimension of the 
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model. Following that, we performed an exploratory case study to observe the appli-
cability of AgilityMod in a real case and to discover improvement opportunities re-
lated the Model. The details of the case study can be found at [11]. We updated and 
published the second version of the Model based on our observations, and the case 
study findings [13].  

The second version of the Model were reviewed by three agile software develop-
ment and process improvement experts. Three experts reviewed the Model. Expert  
A has 10 year-experience in software process improvement consultancy. He is an 
internal and external process assessor since 2001. He has knowledge on agile 
processes. Expert B: a SEI (Software Engineering Institute) authorized CMMI lead 
appraiser who has 4 years hands on practices on Scrum and ISO/IEC 15504. He is 
from India. Expert C is a hands on agile practitioner and trainer. She is a scrum mas-
ter since 2006. She is a consultant in agile adoption and co- author of a book in 
French on Agile. The book was awarded “Best French Informatics Book of 2012 by 
the Association Française d’Ingénierie de Systèmes d’Information (AFISI), whose 
members are voting the best book annually for over 20 years. She is also a CMMI 
consultant. She is from Canada.  

We asked experts to review the model based on a set of criteria (fitness for pur-
pose, completeness, definitions of agile levels, objectivity, correctness and consisten-
cy) that were set in one of our previous studies [10]. Two of the experts mentioned 
that the component descriptions are clear enough to perform agility assessment and 
the model is capable of providing directions for improvement on agility and can be 
used as a roadmap by organizations for getting better at agility. Expert A expressed 
his ideas in these topics as follows: 

“The model aims to bring a maturity view on the agile principles, and I believe it is 
a successful model. Using ISO 15504 as a reference model supports the validity of the 
model and increases the possibility of usage among organizations. The model perfect-
ly fits the need of providing roadmap by organizations for getting better at agility” 

In the Model, we described the agility in an abstract way to cover various agile me-
thods and approaches. Therefore it is very important the Model components’ and 
component descriptions’ both cover all agile principles in an abstract way and be 
independent of any agile method. Experts evaluated the Model from these perspec-
tives and rated as fully and largely achieved ratings. Expert A found the level of  
abstraction appropriate when the audience of the model is considered as daily agile 
practitioners. The more you keep the abstraction at a reasonable level, the more the 
experience and knowledge of the assessor becomes important. The target group that is 
expected to use AgilityMod for assessment are experts who have specific knowledge 
and experience in the agile domain.  

Expert C gave specified the descriptions of components that is too specific or valid 
for a particular agile method. The Model is updated considering the expert comments 
and 3rd version of it is published.  

In terms of “consistency”, experts specified minor inconsistencies and concluded 
that the Model is internally consistent and does not include any logical conflicts.  

All experts thought that the Model is “correct” such that all component descrip-
tions are compatible with agile values and principles.  
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One of the requirements of an assessment model is to achieve a required level of 
“objectivity” in order to guarantee the repeatability of the assessment results. Agili-
tyMod aims to achieve “the objectivity” through clear description of aspect purpose 
and outcomes, and aspect and agility practices. AgilityMod uses a common rating 
scale with ISO/IEC 15504 [15] that clearly specifies the ranges for rating. In terms of 
objectivity, Experts A mentions that clarifying the normative and informative features 
of the Model would increase the objectivity. Expert C calls attention to the need for a 
rating scheme for assessing multiple agile projects and specifying agility of an organ-
ization rather than project basis. We are going to define the rules for assessing agility 
of organizations, however, this improvement is not in the scope of this study. There-
fore we consider that these comments of experts do not violate “objectivity” characte-
ristic of AgilityMod. 

We performed required changes on the Model based on experts’ feedback and  
published the third version [31]. 

4 Case Studies 

Following the second update of the Model, we performed a multiple case study 
including eight software companies. The domains of companies ranges from technical 
media to home appliances, from ERP solutions to multimedia solutions and  
e-governance solutions. The team sizes of the assessed eight projects change between 
6 employees to 45 employees.  

The purpose of this case study is to answer the following research questions: 

RQ1: How suitable is the third version of Software Assessment Agility Reference 
Model to be used with the purpose of identifying aspects’ agility, identifying the agili-
ty gaps and providing roadmaps for improving agility in a software project?  

RQ2: What are the strengths and weaknesses of the third version of AgilityMod? 
For assessment performance, we met groups of people who belong to project 

teams, asked them to answer a set of questions and evaluated the projects’ direct  
evidences. Following the assessment process, we prepared detailed assessment reports 
and discussed the findings with assessment team members, or in some cases with all 
project team members, managers and CEOs. We obtained feedback from them about 
the following issues: 

─ if there is a misunderstood concept or practice presented in the report or presenta-
tion 

─ if the report or presentation covers all the improvement areas that are noticed about 
project’s agile processes 

─ if the findings presented to them are beneficial for getting better at agility 
─ if they follow the same improvement path suggested in the report and presentation 
─ which of the suggested practices are new to them or noticed previously   
─ and to what extent the presented findings and improvement opportunities in their 

projects overlap with reality  
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We used a four-level scale to express the achievement of the aspect attributes: “not 
achieved (0-red), partially achieved (1-yellow), largely achieved (2-orange) and fully 
achieved (3-green) and not applicable (NA)”. For an agility level to be reached, all 
practices should be largely or fully achieved. Below, we provide the colored schemas 
of the assessment ratings for Case #1 and Case #2 as samples which enable capturing 
detailed results at a glance. For the other assessment results, the technical report [32]  
can be requested.  

 

 

Fig. 2. Rating of Each Practice of Case 1 

 

Fig. 3. Rating of Each Practice of Case 2 

Figure 4 below shows the achieved agility levels of Case 1 and Case 2 in a bar 
chart view. 

 

 
Fig. 4. Achieved Agility Levels of Aspects for Case 1 and Case 2 

Figure 5 below, shows the gap between the ideal case (outer trapezoid) and the cur-
rent situation of Case 2 (trapezoid in the middle) and Case 1 (inner trapezoid). The 
data to draw this radar chart is obtained by adding the rating values of each aspect 
given on Fig. 2 and Fig. 3. Here, we can see from radar chart display that, even if 
Case 2 reached Level 3 agility levels for all of the aspects, there are still some space 
for improvement for Case 2, especially for the exploration aspect. 

 

Aspects/Practices AP1 AP2 AP3 AP4 AP5 AP6 AP7 AP8 GP 2.1.1 GP 2.1.2 GP 2.2.1 GP 2.2.2 GP 3.1.1 GP 3.1.2 GP 3.2.1 GP 3.2.2 GP 3.2.3 GP 3.2.4
EXPLORATION 2 2 3 2 3 2 - - 3 3 2 1 1 1 3 3 1 1
CONSTRUCTION 2 2 2 2 - - - - 3 3 2 1 1 2 3 3 1 1
TRANSITION 2 3 3 1 2 2 - - 3 3 1 2 1 2 3 3 1 1
MANAGEMENT 2 3 1 3 3 2 2 1 3 3 2 2 1 2 3 3 1 1

3. EFFECTIVE
Technically Excellent Learning

1. AD-HOC 2. LEAN
Iterative Simple

Aspects/Practices AP1 AP2 AP3 AP4 AP5 AP6 AP7 AP8 GP 2.1.1 GP 2.1.2 GP 2.2.1 GP 2.2.2 GP 3.1.1 GP 3.1.2 GP 3.2.1 GP 3.2.2 GP 3.2.3 GP 3.2.4
EXPLORATION 3 3 3 3 3 3 - - 3 2 2 2 3 3 3 3 2 2
CONSTRUCTION 3 3 3 3 - - - - 3 3 3 2 3 3 3 3 2 3
TRANSITION 3 3 3 3 3 3 - - 3 2 3 3 3 3 3 3 2 3
MANAGEMENT 3 3 2 2 3 3 2 2 3 3 3 2 3 3 3 3 2 3

3. EFFECTIVE
Technically Excellent Learning

1. AD-HOC 2. LEAN
Iterative Simple
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Fig. 5. Display of the Gap among Ideal Case, Case 1 and Case 2 

Because of the page limitation, we will not go into the details of the case study  
discussion part. Interested readers may request the resources in [32, 33] for further 
information. The feedback that we obtained from people about the findings and the 
model are provided in [33] in detail. In Table 4, we present the feedback results. Each 
person, who evaluated the accuracy of our findings about the aspects, gave a rating in 
a range from “Not Achieved (NA)” to “Fully Achieved (FA)”. 

In order to construct the table, we calculated the median of the ratings if the as-
sessment findings were rated more than one person. In the overall, 84.4 % percent of 
the evaluation indicated that the findings and improvement suggestions fully overlap 
with current problems in the projects. The remaining 15.6 % thinks that aspect find-
ings largely overlaps with current problems. Achieving such high ratios for finding 
the gaps in the projects is an indicator of how successful the Model in revealing agili-
ty improvement opportunities and the potential of the Model for the usage of agility 
assessment.  

Table 4. Rating of the Findings’ Accuracy by Aspect Owners 

Aspects C1 C 2 C 3 C 4 C 5 C 6 C 7 C 8 

Exploration FA FA LA FA FA FA FA FA 

Construction FA FA FA FA FA FA LA FA 

Transition FA LA FA FA FA FA LA FA 

Management FA FA FA LA FA FA FA FA 
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5 Conclusion 

In this study, we presented the structure of Agility Assessment Reference Model in 
detail. We briefly described the development stages that had continued until the Mod-
el reached a maturity level to be published. AgilityMod’s meta-structure relies on the 
meta-structure of ISO/IEC 15504. Therefore, we explained the reasons of this choice 
and the relation between the components of two models.  

AgilityMod presents dimensions, aspects, aspect attributes, aspect practices and 
generic agility practices, which are very specific to agile software development phe-
nomenon. On the other hand, the Model has been developed independent of any spe-
cific agile software development method. Its holistic structure allows the assessment 
of software projects developed with different type of agile software development 
approaches.   

Considering the multiple case study results, the opinions of the interviewees on the 
results and the feedbacks of experts, we conclude that we could use AgilityMod to 
identify the agility gaps in projects, to specify agility levels of aspects and to provide 
roadmaps to projects for agility improvement. 

The Model allows agility assessment of projects in terms of four aspects instead of 
checking compatibility of processes to some agile practices. In AgilityMod, we do not 
only evaluate the existence of some specific agile practices such as performing daily 
stand-up meetings or pair programming or collective code ownership. Instead, we 
evaluate the aspects from a holistic approach and understand if the teams are capable 
of keeping the design structure sound while responding to the changes quickly, are 
disciplined, and serving for organizational learning or not.  

The level of abstraction used in the Model, objectivity, accuracy, completeness and 
consistency issues were evaluated and approved by the experts. The multiple case 
study that we conducted with the 3rd version of the Model including eight cases, indi-
cated that the Model can be applied with a reasonable effort in software companies by 
agile experts. Improvement suggestions given based on the Model can be utilized as a 
roadmap for improving organizations’ agility.  

AgilityMod is a model that was developed to assess software projects’ agility. We 
consider updates to extend the Model’s coverage for organizational agility assess-
ment. In addition, more case studies will be valuable that is to be conducted by other 
researchers to observe the applicability of the Model.   
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Abstract. The aim of this paper is to investigate usability maturity
models’ role in integrating agile processes and user centred design.
Usability maturity models can be used as a diagnostic tool to assess
the consistent, systematic and effective implementation of user centred
design in agile projects. The researcher investigated the suitability of two
usability maturity models in assessing user centred design capability in
agile projects. This paper reports on utilising one of those models: Usabil-
ity Maturity Model-Human Centredness Scale (UMM-HCS). It reports
on applying UMM-HCS in five case studies that integrated agile and user
centred design and using the model in assessing the usability maturity
level of those five case studies. The paper reflects on and scrutinises the
suitability of UMM-HCS for utilisation in the context of agile projects.

Keywords: Agile Software Development Processes · User centred
design · Agile User Centred Design Integration · Usability maturity
models

1 Introduction

Agile methods are lightweight methods that attempts to balance excessive pro-
cess and process absence to deal with plan-driven methods limitations [11].

User Centred Design (UCD) is a set of methods, techniques, procedures and
processes and a philosophy that places the user at the centre of the development
process [5,13]. UCD goal is to satisfy users via producing usable products that
meet their needs, goals, abilities, context of use, and limitations [5].

Maturity models are normative reference models based on the assumption of
predictable patterns of evolution [14]. They aim to evaluate the weaknesses and
strengths and prioritize and plan for improvement [14]. Improvement occurs via
evolutionary stages that denote step-by-step patterns of evolution designating
the current or desirable capabilities against a class of entities [12,20,23].
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Usability Maturity Models (UMMs) aim to assist organisations in conducting
a systematic analysis in order to evaluate UCD strengths and weaknesses and
accordingly plan for improvement actions [16]. Usability capability is defined as
“A characteristic of a development organisation that determines its ability to
consistently develop products with high and competitive level of usability [16]”.

The researcher investigated Agile and User Centred Design Integration
(AUCDI) challenges via an empirical study [24] and a Systematic Literature
Review (SLR) [25], then investigated UMMs suitability for resolving some
AUCDI challenges. A comparative study of UMMs was conducted and resulted
in using two UMMs: Nielsen Model and UMM-HCS, the results of utilising
Nielsen Model were reported in [26] whereas the results of utilising UMM-HCS
are reported here.

The rest of this paper is organised as follows: section 2 provides a back-
ground on AUCDI. Section 3 discusses the research approach. Section 4 reports
on applying UMM-HCS on five case studies that integrated agile and UCD and
utilising the model in assessing their usability maturity level. Section 5 discusses
the results and section 6 discusses the conclusion.

2 Agile and User Centred Design Integration (AUCDI)

The main stream of AUCDI research is focused on improving the usability and
user satisfaction of software. This occurs via applying UCD methods, techniques,
procedures and processes so as developers can understand the potential users’
needs and how to achieve their goals and activities. Nevertheless, none of the
major agile methods provides explicit guidance on the methods to develop usable
software [18]. Moreover, the interaction design role, usability, and user interface
design in an agile team is vague and largely overlooked [1,3]. Additionally, prac-
tices and principles for comprehending and eliciting usability and user require-
ments and evaluating the software produced via agile methods for usability and
User eXperience (UX) are deficient [18]. Third, there exists differences between
agile methods and UCD in focus, evaluation methods, culture and documenta-
tion that makes their integration challenging [24].

The researcher conducted a SLR [25] that included 71 AUCDI papers and
classified the integration approaches proposed by them. This SLR revealed 8
different categories, non of which focused on UMMs utilization [25]. UMMs can
be used in the agile development projects as a diagnostic tool; they can assist
in assessing the status-quo in order to evaluate the extent to which UCD is
consistently, systematically and effectively implemented in development projects.
The results can assist organisations in pinpointing their weaknesses and strengths
relevant to UCD aspects and accordingly plan for improvement actions.

Thus this study has two aims: first, to investigate UMMs suitability for usage
in agile projects to assess the organisation’s UCD capability, second, to investi-
gate the relationship between AUCDI success and usability maturity levels.
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3 Research Approach

This section discusses the research approach chosen to achieve the research aims.

3.1 Comparative Study of Usability Maturity Models

A comparative study of UMMs was conducted to choose a UMM to assess the
usability maturity level of AUCDI case studies. The following criteria were found
relevant to compare the characteristics of the different UMMs:

Lightweight: The chosen UMM will be utilized to assess the usability maturity
level of projects that uses agile methods, thus it should require low overhead so as
not to disrupt any agile project time line; i.e, it should not consume considerable
time to perform the assessment or require additional personnel.

Detailed English Documentation: The model should include detailed doc-
umentation of the maturity model definition and the assessment process. This
documentation should provide explicit guidance to practitioners to conduct self
assessment. Moreover, since the available UMMs were developed in various coun-
tries, the UMM should be documented in English.

Domain Independent: Some UMMs are for specific domains like telecommu-
nication thus cannot be utilized in other domains. The model chosen should be
suitable for utilisation irrespective of the organisation’s business domain.

Empirically Evaluated: The model should have been empirically evaluated
and iterated upon.

Table 1. Criteria for Choosing a Usability Maturity Model

UMM Model Language Detailed
Docu-
menta-
tion

Domain Lightweight Empirical
Evaluation

Nielsen English Yes Generic Yes No
UMM-HCS English Yes Generic Yes Yes
Trillium English Yes Telecommunication No Not published
ULMM English No Generic N/A Not Published
HPI English No Consumer Product

Development
N/A Not Published

UCDM English No Information System
Capability in UK
Public Sector

N/A Not Published

UMM-P English Yes Generic No Yes
KESSU English No Generic N/A Yes
DATech-UEPA German N/A Manufacturing N/A N/A
HCD-PCM Design Japanese N/A Generic N/A N/A
HCD-PCM Vision-
ing

Japanese N/A Generic N/A N/A

OS-UMM English No Open Source
Projects

N/A N/A
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The UMMs were examined using the criteria identified above and Table 1
summarises the results of the comparison according to the comparison criteria.

The UMM pursued is documented in English, has a detailed documentation,
can be used irrespective of the organisation’s domain (generic), is lightweight,
and was empirically evaluated. These criteria led to the exclusion of a number
of UMMs and left us with only two UMMs: Nielsen Model and UMM-HCS.
Although Nielsen model was not empirically evaluated, yet it was decided to
utilise both models in five AUCDI case studies in order to provide richer com-
parative analysis. Results of utilising Nielsen model were reported in [26].

3.2 Choosing Five AUCDI Case Studies

Five case studies that integrated agile processes and UCD were chosen. A candi-
date list was formulated of five academic researchers and industrial practitioners
who developed new AUCDI approaches and whose work on AUCDI was well
received and highly referenced. The chosen case studies also reflected a “two
tail” design [27] in which cases from both extremes (success and failure) are
selected. Further details on the five case studies were reported in [26].

3.3 Utilising the Chosen UMMs in Five AUCDI Case Studies

UMM-HCS was used in assessing the usability maturity level of the AUCDI case
studies. This occurred via formulating a set of open ended questions to evaluate
the achievement of the different practices and conducting a set of one-to-one,
Skype interviews. Answers to interview questions were used in evaluating the
usability maturity level of each case study and comparing the results with the
achieved practices in the different usability maturity levels in order to determine
the closest usability maturity level. Those results are reported in section 5.

3.4 Synthesizing the Results of Utilisation of UMMs

The results of UMM-HCS utilisation were synthesised in order to investigate the
following: the existence of a relationship between the success of AUCDI attempts
and usability maturity level and the suitability of UMM-HCS for utilisation in
assessing usability maturity in the context of agile projects.

4 Utilising UMM-HCS in AUCDI Case Studies

The European INUSE project developed UMM-HCS and derived it from a num-
ber of UMMs: Total Systems Maturity (TSM) [17], ULMM [8], User Centred
Design Maturity (UCDM) [7] and Crosby [4]. It offers organisations an under-
standing of how organisation’s usability maturity progress and allows organisa-
tions to measure their maturity and plan for improvement. UMM-HCS can be
used as a stand alone model for assessing usability, or as a companion to ISO
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15504-compliant process reference or any other process assessment model that
does not have UCD as its focus [6].

UMM-HCS has 6 maturity levels, each maturity level is defined by a set of
attributes, these attributes are embodied in a set of attitude, technology and
/ or management practices that are performed at that level. These practices
are used in assessing the user centred approach of an organisation in regards
to its working culture and systems development and support activities. This
assessment occurs via a scoring scheme of 4 values: Not Achieved (N), Partially
Achieved (P), Largely Achieved (L) and Fully Achieved (F)[6].

Table 2 shows UMM-HCS rating of realisation of each attribute in order to
achieve a particular maturity level [6].

Table 2. UMM-HCS Maturity Level Ratings [6]

Scale Process Attributes Rating

Level A
Problem recognition Fully or largely
Performed processes Fully or largely

Level B

Problem recognition Fully
Performed processes Fully
Quality in use awareness Fully or largely
User focus Fully or largely

Level C

Problem recognition Fully
Performed processes Fully
Quality in use awareness Fully
User focus Fully
User involvement Fully or largely
HF technology Fully or largely
HF skills Fully or largely

Level D

Problem recognition Fully
Performed processes Fully
Quality in use awareness Fully
User focus Fully
User involvement Fully
HF technology Fully
HF skills Fully
Integration Fully or largely
Improvement Fully or largely
Iteration Fully or largely

Level E

Problem recognition Fully
Performed processes Fully
Quality in use awareness Fully
User focus Fully
User involvement Fully
HF technology Fully
HF skills Fully
Integration Fully
Improvement Fully
Iteration Fully
Human-centred leadership Fully or largely
Organisational Human-centredness Fully or largely

UMM-HCS has an assessment recording form that is used by assessors to
record the ratings of the different attributes. UMM-HCS documentation [6] con-
tains details on the attributes and on the use of the recording form. UMM-HCS
documentation [6] stated that the benefit of doubt should be used in assessing
the achievement of practices and accordingly round up the rating to the higher
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level of achievement. UMM-HCS author was contacted for an updated version
of the documentation and for clarifying some issues related to UMM-HCS model
practices, terminology, assessment criteria and assessment method.

Answers to interview questions were used in evaluating the maturity level of
each case study and results were reported in section 5.

5 Results

This section reports on applying UMM-HCS on five AUCDI case studies to assess
their usability maturity level. The results of the evaluation per case study are
shown in Tables 3, 4, 5, 6, and 7.

5.1 Maturity Level Evaluation of Case Studies via UMM-HCS

Table 8 shows the results of maturity level evaluation of UMM-HCS process
attribute for CS1, CS2, CS3, CS4, and CS5.

Table 2 [6] showed the desired rating of each attribute in order to achieve
the maturity level. On comparing Table 2 with the results of the AUCDI case
studies reported in Table 8, it revealed that CS1 maturity level was ”Level C”,
CS2 and CS4 maturity levels were ”Level A” whereas CS3 maturity level was
”Level B” and CS5 maturity level was ”Unknown”. The inability to identify
CS5 maturity level is attributed to the inability to compute the collective rating
of A.2 since the rating of its two constituent key practices A2.1 and A2.2 was
”Fully” and ”Partially” and the criteria assessment advice included in UMM-
HCS documentation did not discuss how these values should be combined.

5.2 Revisiting UMM-HCS Study Aims

This section discusses the aims of the study in light of the results achieved.

Aim 1: Investigating the existence of a relationship between the suc-
cess of AUCDI attempts and usability maturity level

It was not possible to achieve this aim via UMM-HCS due to problems exhib-
ited with the model’s rating system. Table 2 [6] shows the desired rating for each
attribute in order to achieve the maturity level. It is clear from Table 2 [6] that
UMM-HCS embraces a linear model of upgrading i.e., an organisation cannot be
upgraded to maturity level i+1 unless it has largely or fully achieved all prac-
tices in maturity level i. The results of the five case studies shown in Tables
3, 4, 5, 6, and 7 reveal that the linear model of upgrading is contradictory to
how organisation’s perform since an organisation can score high in some of the
practices related to a high maturity level even if the organisation is at a low
maturity level. An example for that is CS2 whose maturity level was evaluated
as ”Level A” although it scored as ”Fully” in all attributes except B.1-Quality
in Use Awareness Attribute and B.2-User Focus Attribute.
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Table 3. UMM-HCS Recording Form-Case Study 1

Level A Recognised
A.1 Problem Recognition Attribute 1 Rating
A1.1 Problem Recognition Fully

Combined Rating for Attribute (A1.1): Fully
A.2 Performed Processes Attribute
A2.1 Information collection Fully
A2.2 Performance of relevant practices Fully

Combined Rating for Attribute (A2.1 to 2.2): Fully
Combination of Ratings for this Level: Fully

Level B Considered
B.1 Quality in Use Awareness Attribute 1 Rating
B1.1 Quality in use training Fully
B1.2 Human-centred methods training Fully
B1.3 Human-system interaction training Fully

Combined Rating for Attribute (B1.1 and
1.3):

Fully

B.2 User Focus Attribute
B2.1 User consideration training Fully
B2.2 Context of use training Fully

Combined Rating for Attribute (B2.1 and
2.2):

Fully

Combination of Ratings for Level: Fully
Level C Implemented

C.1 User Involvement Attribute 1 Rating
C1.1 Active involvement of users Fully
C1.2 Elicitation of user experience Fully
C1.3 End users define quality-in-use Largely
C1.4 Continuous evaluation Fully

Combined Rating for Attribute (C1.1 to 1.4): Fully
C.2 HF Technology Attribute
C2.1 Provide appropriate human-centred methods Fully
C2.2 Provide suitable facilities and tools Fully
C2.3 Maintain quality in use techniques Largely

Combined Rating for Attribute (C2.1 to 2.3): Fully
C.3 HF Skills Attribute
C3.1 Decide on required skills Partially
C3.2 Develop appropriate skills Largely
C3.3 Deploy appropriate staff Largely

Combined Rating for Attribute (C3.1 to 3.3): Largely
Combination of Ratings for this Level: Fully

Level D Integrated
D.1 Integration Attribute 1 Rating
D1.1 Integrate HF processes Partially
D1.2 Facilitate interface between HF and the organisation Largely
D1.3 Use appropriate representations Largely

Combined Rating for Attribute (D1.1 to 1.3): Largely
D.2 Improvement Attribute
D2.1 Ensure design feedback Fully
D2.2 Change based on feedback Largely
D2.3 Timing of feedback Fully

Combined Rating for Attribute(D2.1 to 2.3): Fully
D.3 Iteration Attribute
D3.1 Minimize risks by iteration of design Largely
D3.2 Manage iteration of design solutions Partially
D3.3 Use design objectives to control iteration Largely

Combined Rating for Attribute (D3.1 to 3.3): Largely
Combination of Ratings for this Level: Largely

Level E Institutionalized
E.1 Human-Centred Leadership Attribute 1 Rating
E1.1 Manage usability programme Not achieved
E1.2 Systematic improvement in quality in use Not achieved
E1.3 Human-centred improvement of organisation Not achieved

Combined Rating for Attribute (E1.1 to 1.3): Not achieved
E.2 Organisational Human-Centredness Attribute
E2.1 Organisational implementation of user-centred prac-

tices
Not achieved

E2.2 Acceptance of human-centred skills Partially
Combined Rating for Attribute (E2.1 to 2.2): Partially
Combination of Ratings for this Level: Partially
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Table 4. UMM-HCS Recording Form-Case Study 2

Level A Recognised
A.1 Problem Recognition Attribute 1 Rating
A1.1 Problem Recognition Fully

Combined Rating for Attribute (A1.1): Fully
A.2 Performed Processes Attribute
A2.1 Information collection Fully
A2.2 Performance of relevant practices Fully

Combined Rating for Attribute (A2.1 to 2.2): Fully
Combination of Ratings for this Level: Fully

Level B Considered
B.1 Quality in Use Awareness Attribute 1 Rating
B1.1 Quality in use training Partially
B1.2 Human-centred methods training Not achieved
B1.3 Human-system interaction training Not achieved

Combined Rating for Attribute (B1.1 and
1.3):

Not achieved

B.2 User Focus Attribute
B2.1 User consideration training Not achieved
B2.2 Context of use training Not achieved

Combined Rating for Attribute (B2.1 and
2.2):

Not achieved

Combination of Ratings for Level: Not achieved
Level C Implemented

C.1 User Involvement Attribute 1 Rating
C1.1 Active involvement of users Fully
C1.2 Elicitation of user experience Fully
C1.3 End users define quality-in-use Fully
C1.4 Continuous evaluation Fully

Combined Rating for Attribute (C1.1 to 1.4): Fully
C.2 HF Technology Attribute
C2.1 Provide appropriate human-centred methods Fully
C2.2 Provide suitable facilities and tools Fully
C2.3 Maintain quality in use techniques Fully

Combined Rating for Attribute (C2.1 to 2.3): Fully
C.3 HF Skills Attribute
C3.1 Decide on required skills Fully
C3.2 Develop appropriate skills Fully
C3.3 Deploy appropriate staff Largely

Combined Rating for Attribute (C3.1 to 3.3): Fully
Combination of Ratings for this Level: Fully

Level D Integrated
D.1 Integration Attribute 1 Rating
D1.1 Integrate HF processes Largely
D1.2 Facilitate interface between HF and the organisation Fully

Combined Rating for Attribute (D1.1 to 1.3): Fully
D.2 Improvement Attribute
D2.1 Ensure design feedback Fully
D2.2 Change based on feedback Fully
D2.3 Timing of feedback Fully

Combined Rating for Attribute(D2.1 to 2.3): Fully
D.3 Iteration Attribute
D3.1 Minimize risks by iteration of design Fully
D3.2 Manage iteration of design solutions Fully
D3.3 Use design objectives to control iteration Fully

Combined Rating for Attribute (D3.1 to 3.3): Fully
Combination of Ratings for this Level: Fully

Level E Institutionalized
E.1 Human-Centred Leadership Attribute 1 Rating
E1.1 Manage usability programme Fully
E1.2 Systematic improvement in quality in use Fully
E1.3 Human-centred improvement of organisation Fully

Combined Rating for Attribute (E1.1 to 1.3): Fully
E.2 Organisational Human-Centredness Attribute
E2.1 Organisational implementation of user-centred prac-

tices
Fully

E2.2 Acceptance of human-centred skills Fully
Combined Rating for Attribute (E2.1 to 2.2): Fully
Combination of Ratings for this Level: Fully
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Table 5. UMM-HCS Recording Form-Case Study 3

Level A Recognised
A.1 Problem Recognition Attribute 1 Rating
A1.1 Problem Recognition Fully

Combined Rating for Attribute (A1.1): Fully
A.2 Performed Processes Attribute
A2.1 Information collection Fully
A2.2 Performance of relevant practices Fully

Combined Rating for Attribute (A2.1 to 2.2): Fully
Combination of Ratings for this Level: Fully

Level B Considered
B.1 Quality in Use Awareness Attribute 1 Rating
B1.1 Quality in use training Fully
B1.2 Human-centred methods training Fully
B1.3 Human-system interaction training Not achieved

Combined Rating for Attribute (B1.1 and
1.3):

Fully

B.2 User Focus Attribute
B2.1 User consideration training Largely
B2.2 Context of use training Largely

Combined Rating for Attribute (B2.1 and
2.2):

Largely

Combination of Ratings for Level: Fully
Level C Implemented

C.1 User Involvement Attribute 1 Rating
C1.1 Active involvement of users Fully
C1.2 Elicitation of user experience Fully
C1.3 End users define quality-in-use Largely
C1.4 Continuous evaluation Fully

Combined Rating for Attribute (C1.1 to 1.4): Fully
C.2 HF Technology Attribute
C2.1 Provide appropriate human-centred methods Fully
C2.2 Provide suitable facilities and tools Fully
C2.3 Maintain quality in use techniques Largely

Combined Rating for Attribute (C2.1 to 2.3): Fully
C.3 HF Skills Attribute
C3.1 Decide on required skills Largely
C3.2 Develop appropriate skills Partially
C3.3 Deploy appropriate staff Largely

Combined Rating for Attribute (C3.1 to 3.3): Largely
Combination of Ratings for this Level: Fully

Level D Integrated
D.1 Integration Attribute 1 Rating
D1.1 Integrate HF processes Partially
D1.2 Facilitate interface between HF and the organisation Largely
D1.3 Use appropriate representations Largely

Combined Rating for Attribute (D1.1 to 1.3): Largely
D.2 Improvement Attribute
D2.1 Ensure design feedback Fully
D2.2 Change based on feedback Largely
D2.3 Timing of feedback Fully

Combined Rating for Attribute (D2.1 to 2.3): Fully
D.3 Iteration Attribute
D3.1 Minimize risks by iteration of design Largely
D3.2 Manage iteration of design solutions Partially
D3.3 Use design objectives to control iteration Largely

Combined Rating for Attribute (D3.1 to 3.3): Largely
Combination of Ratings for this Level: Largely

Level E Institutionalized
E.1 Human-Centred Leadership Attribute 1 Rating
E1.1 Manage usability programme Partially
E1.2 Systematic improvement in quality in use Partially
E1.3 Human-centred improvement of organisation Partially

Combined Rating for Attribute (E1.1 to 1.3): Partially
E.2 Organisational Human-Centredness Attribute
E2.1 Organisational implementation of user-centred prac-

tices
Largely

E2.2 Acceptance of human-centred skills Largely
Combined Rating for Attribute (E2.1 to 2.2): Largely
Combination of Ratings for this Level: Largely
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Table 6. UMM-HCS Recording Form-Case Study 4

Level A Recognised
A.1 Problem Recognition Attribute 1 Rating
A1.1 Problem Recognition Fully

Combined Rating for Attribute (A1.1): Fully
A.2 Performed Processes Attribute
A2.1 Information collection Fully
A2.2 Performance of relevant practices Fully

Combined Rating for Attribute (A2.1 to 2.2): Fully
Combination of Ratings for this Level: Fully

Level B Considered
B.1 Quality in Use Awareness Attribute 1 Rating
B1.1 Quality in use training Partially
B1.2 Human-centred methods training Partially
B1.3 Human-system interaction training Not achieved

Combined Rating for Attribute (B1.1 and
1.3):

Partially

B.2 User Focus Attribute
B2.1 User consideration training Partially
B2.2 Context of use training Partially

Combined Rating for Attribute (B2.1 and
2.2):

Partially

Combination of Ratings for Level: Partially
Level C Implemented

C.1 User Involvement Attribute 1 Rating
C1.1 Active involvement of users Largely
C1.2 Elicitation of user experience Fully
C1.3 End users define quality-in-use Fully
C1.4 Continuous evaluation Fully

Combined Rating for Attribute (C1.1 to 1.4): Fully
C.2 HF Technology Attribute
C2.1 Provide appropriate human-centred methods Largely
C2.2 Provide suitable facilities and tools Largely
C2.3 Maintain quality in use techniques Largely

Combined Rating for Attribute (C2.1 to 2.3): Largely
C.3 HF Skills Attribute
C3.1 Decide on required skills Largely
C3.2 Develop appropriate skills Partially
C3.3 Deploy appropriate staff Largely

Combined Rating for Attribute (C3.1 to 3.3): Largely
Combination of Ratings for this Level: Largely

Level D Integrated
D.1 Integration Attribute 1 Rating
D1.1 Integrate HF processes Not achieved
D1.2 Facilitate interface between HF and the organisation Partially
D1.3 Use appropriate representations Partially

Combined Rating for Attribute (D1.1 to 1.3): Partially
D.2 Improvement Attribute
D2.1 Ensure design feedback Fully
D2.2 Change based on feedback Fully
D2.3 Timing of feedback Fully

Combined Rating for Attribute(D2.1 to 2.3): Fully
D.3 Iteration Attribute
D3.1 Minimize risks by iteration of design Fully
D3.2 Manage iteration of design solutions Fully
D3.3 Use design objectives to control iteration Largely

Combined Rating for Attribute (D3.1 to 3.3): Fully
Combination of Ratings for this Level: Fully

Level E Institutionalized
E.1 Human-Centred Leadership Attribute 1 Rating
E1.1 Manage usability programme Partially
E1.2 Systematic improvement in quality in use Not achieved
E1.3 Human-centred improvement of organisation Not achieved

Combined Rating for Attribute (E1.1 to 1.3): Not achieved
E.2 Organisational Human-Centredness Attribute
E2.1 Organisational implementation of user-centred prac-

tices
Partially

E2.2 Acceptance of human-centred skills Partially
Combined Rating for Attribute (E2.1 to 2.2): Partially
Combination of Ratings for this Level: Partially
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Table 7. UMM-HCS Recording Form-Case Study 5

Level A Recognised
A.1 Problem Recognition Attribute 1 Rating
A1.1 Problem Recognition Partially

Combined Rating for Attribute (A1.1): Partially
A.2 Performed Processes Attribute
A2.1 Information collection Fully
A2.2 Performance of relevant practices Partially

Combined Rating for Attribute (A2.1 to 2.2): Unknown
Combination of Ratings for this Level: Unknown

Level B Considered
B.1 Quality in Use Awareness Attribute 1 Rating
B1.1 Quality in use training Partially
B1.2 Human-centred methods training Partially
B1.3 Human-system interaction training Not achieved

Combined Rating for Attribute (B1.1 and
1.3):

Partially

B.2 User Focus Attribute
B2.1 User consideration training Partially
B2.2 Context of use training Partially

Combined Rating for Attribute (B2.1 and
2.2):

Partially

Combination of Ratings for Level: Partially
Level C Implemented

C.1 User Involvement Attribute 1 Rating
C1.1 Active involvement of users Partially
C1.2 Elicitation of user experience Partially
C1.3 End users define quality-in-use No
C1.4 Continuous evaluation Partially

Combined Rating for Attribute (C 1.1 to 1.4): Partially
C.2 HF Technology Attribute
C2.1 Provide appropriate human-centred methods Partially
C2.2 Provide suitable facilities and tools Fully
C2.3 Maintain quality in use techniques Partially

Combined Rating for Attribute (C2.1 to 2.3): Partially
C.3 HF Skills Attribute
C3.1 Decide on required skills Not achieved
C3.2 Develop appropriate skills Partially
C3.3 Deploy appropriate staff Partially

Combined Rating for Attribute (C3.1 to 3.3): Partially
Combination of Ratings for this Level: Partially

Level D Integrated
D.1 Integration Attribute 1 Rating
D1.1 Integrate HF processes Not achieved
D1.2 Facilitate interface between HF and the organisation Not achieved
D1.3 Use appropriate representations Partially

Combined Rating for Attribute (D1.1 to 1.3): Not achieved
D.2 Improvement Attribute
D2.1 Ensure design feedback Partially
D2.2 Change based on feedback Not achieved
D2.3 Timing of feedback Not achieved

Combined Rating for Attribute (D2.1 to 2.3): Not achieved
D.3 Iteration Attribute
D3.1 Minimize risks by iteration of design Partially
D3.2 Manage iteration of design solutions Not achieved
D3.3 Use design objectives to control iteration Not achieved

Combined Rating for Attribute (D3.1 to 3.3): Not achieved
Combination of Ratings for this Level: Not achieved

Level E Institutionalized
E.1 Human-Centred Leadership Attribute 1 Rating
E1.1 Manage usability programme Not achieved
E1.2 Systematic improvement in quality in use Not achieved
E1.3 Human-centred improvement of organisation Not achieved

Combined Rating for Attribute (E1.1 to 1.3): Not achieved
E.2 Organisational Human-Centredness Attribute
E2.1 Organisational implementation of user-centred prac-

tices
Not achieved

E2.2 Acceptance of human-centred skills Partially
Combined Rating for Attribute (E2.1 to 2.2): Partially
Combination of Ratings for this Level: Partially
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Table 8. All Case Studies-UMM-HCS Process Attribute Maturity Level Evaluation

Process Attribute Rating-CS1 Rating-CS2 Rating-CS3 Rating-CS4 Rating-CS5
Problem Recogni-
tion

Fully Fully Fully Fully Partially

Performed Process Fully Fully Fully Fully Unknown
Quality in Use
Awareness

Fully Not achieved Fully Partially Partially

User Focus Fully Not achieved Largely Partially Partially
User Involvement Fully Fully Fully Fully Partially
HF Technology Fully Fully Fully Largely Partially
HF Skills Largely Fully Largely Largely Partially
Integration Largely Fully Largely Partially Not achieved
Improvement Fully Fully Fully Fully Not achieved
Iteration Largely Fully Largely Fully Not achieved
Human Centred
Leadership

No Fully Partially Not achieved Not achieved

Organisational
Human Centredness

Partially Fully Largely Partially Partially

Maturity Level Level C Level A Level B Level A Level Unknown

Aim 2: Investigating whether UMM-HCS is suitable for utilisation in
assessing usability maturity in the context of Agile projects

The following criteria were set in order to investigate the suitability of UMM-
HCS for utilisation in assessing usability maturity in the context of agile projects:

CR1: The model does not conflict with Agile values and principles
This criteria was set in order to maintain the agility of the development

process in case of utilising UMM-HCS. Practice E1.1, ”Manage usability pro-
gramme. Management of the whole programme of human centred processes on
all projects in a department or organisation” could pose a conflict with the agile
value of ”Individuals and interactions over processes and tools”, however, this
practice also works in support of another agile principle ”Continuous attention to
technical excellence and good design enhances agility” since the aim of practice
E1.1 is to improve the quality of usability across all products.

Moreover, most of UMM-HCS practices are in support of agile principles.
For example, the agile principle ”Our highest priority is to satisfy the customer
through early and continuous delivery of valuable software.” is supported by
practices A2.1, A2.2, C1.1, C1.2, C1.4, D2.1, D2.2, and D3.1. The agile principle
”Welcome changing requirements, even late in development. Agile processes har-
ness change for the customer’s competitive advantage.” is supported by practices
D2.1, D2.2, and D2.3. The agile principle ”Deliver working software frequently,
from a couple of weeks to a couple of months, with a preference to the shorter
timescale.” is supported by practice C1.4. The agile principle ”At regular inter-
vals, the team reflects on how to become more effective, then tunes and adjusts
its behaviour accordingly.” is supported by practices C2.3 and E1.2.

Thus CR1 is satisfied by UMM-HCS since the model does not conflict with
agile values and principles.

CR2: The model integrates UCD activities into the overall project
plan and throughout the software development life cycle
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Criteria CR2 was considered as critical for judging the suitability of UMM-
HCS for utilisation in assessing usability maturity in the context of agile projects
since one of the AUCDI main challenges is the timing of performing the different
UCD activities and how to make UCD activities more lightweight in order to
accommodate the agile processes iterative and incremental nature [25].

UMM-HCS was not developed for a particular software development life
cycle; thus the model focus is on declaring the important attributes and prac-
tices for usability maturity rather than clarifying the timing or frequency for
conducting these practices along the project or the phases of the development
life cycle. This is of specific importance in case of agile methods since a signifi-
cant part of the integration challenges are related to the iterative, incremental,
tight time line nature of agile development processes as illustrated in [25].

Thus CR2 is not satisfied since UMM-HCS does not state clear timings and
milestones along the agile development cycle for UCD activities inclusion.

6 Conclusion

A variety of UMMs exist, however, published UMM research is limited [15].
Up to our knowledge none of the available UMMs was initially created for use
in an agile development process thus they lack details on the timing and the
lightweight method for applying the different UCD practices along the agile
development life cycle. This is of specific importance in case of agile since a
significant part of the AUCDI challenges are related to the timing and lightweight
method of performing the different UCD activities in order to accommodate the
agile processes iterative and incremental nature [25].

The application of UMM-HCS on five AUCDI case studies in order to inves-
tigate the relationship between the success of AUCDI attempts and usability
maturity level gave an indication that it was not possible to achieve this aim
due to problems exhibited with UMM-HCS rating system. UMM-HCS embraces
a linear upgrading model that led to discarding considerable achieved attributes
by the case studies. Moreover, the results of the AUCDI case studies gave an
indication that the linear upgrading model is contradictory to how organisation’s
perform since an organisation can score high in some of the practices related to
a high maturity level even if the organisation is at a low maturity level.

Although UMM-HCS does not conflict with agile values and principles yet
it does not address the requirements, activities, and challenges identified within
the AUCDI domain. These issues need to be taken into consideration by any
researcher who considers developing a usability maturity model for the agile
process. Examples of AUCDI challenges that are not approached by UMM-HCS
models are: practices regarding the communication, coordination, and collab-
oration between UCD practitioners and agile developers in order to synchro-
nize and complete their work, and practices related to design modularization.
Another issue that needs addressing is the activities of some team roles, for
example, XP coach and Scrum master, etc whose role can impact the integration
process.
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Abstract. Staged maturity model based process improvement have been widely 
employed and analyzed over the past few decades. However the participation of 
the employees and the continuity of process improvement activities while 
employing these models is an unexplored aspect of software process 
improvement research. In this paper we try to identify the causal factors resulting 
in the shortcomings of staged maturity models with respect to the continuity, 
extent, and employee participation of process improvement activities. We 
propose a preliminary set of activities and improvements that can be employed to 
alleviate the documented problems. 
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1 Introduction 

Maturity models have been used extensively for software process improvement for 
the last 35 years since Crosby first proposed them [1]. The initial crude definitions of 
the staged models have evolved over time to more advanced frameworks such as 
CMMI (Capability Maturity Model Integration) [2] that is developed based on the 
early works of Humphrey [3] and ISO-33000 family of standards [4] that have 
supplanted ISO-15504 [5]. These frameworks have been extensively used for the last 
two decades for process improvement activities. In parallel with the large scale 
adoption of maturity models their relationship with process improvement is 
extensively studied by both academia and the business world to emphasize their 
advantages and shortcomings. However, research activities specifically targeting the 
continuity and the employee participation characteristics of process improvement 
while employing maturity model based approaches are scarce. Wendler conducted an 
extensive survey of 237 maturity model related publications [6]. A wide range of 
research questions from applied field to publication forum is considered by the 
survey. One of the categorizations of the publications used by Wendler is based on the 
research content. However, even this categorization does not include the continuity or 
the extent of process improvement as a separate category. Overall, the publications 
surveyed do not convey the research of the continuity of improvement efforts or the 
extent of process improvement.  
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Despite our rigorous efforts to reach contradicting evidence from previous research 
endeavors, we had came to the conclusion that, although the models suggest in the 
contrary, as the nature of the models are discrete (in the form of capability levels) 
improvements can happen in discrete steps. Furthermore we had showed the problems 
faced with respect to the participation and extent of process improvement activities. 
Unfortunately these are frequently less discussed difficulties related with model-based 
improvement. [7] 

Our goal in this study is to elaborate on the problems that we had presented in our 
previous studies and identify the underlying factors that cause these problems. By 
identifying these causal factors we propose a set of possible improvements in order to 
establish a remedy for these problems. The actual implementation and validation of these 
solution proposals are a work in progress and therefore are not in the scope of this study. 

2 Previous Research and Problem Definition 

Our previous research conducted in order to identify the problems regarding the 
continuity, extent, and employee participation of process improvement activities 
while employing staged maturity models is given in [7] and [8]. A summary of our 
research is presented here in order to define the problems with staged maturity 
models. 

We had performed a case study in two phases. In the first phase we had explored 
the answers of the following questions:  

• How do the staged models enforce continuous process improvement? 
• How do the staged models enforce organization wide commitment? 
• How do the staged models enforce process wide improvement? 

For this purpose we analyzed the process improvement activities of a CMMI  
level-3 software and electronics company operating in the defense industry sector in 
Turkey. We have specifically studied the commitment of the company employees to 
process improvement activities in various aspects. The process improvement database 
maintained by the company was analyzed for this purpose. 

We had seen that the software developers and engineers, which form the majority 
of the company, have a much lower contribution to process improvement than the 
other role groups such as quality assurance engineers, although the processes are 
enforced in the first place to mold the way that they produce their software products. 
Therefore it was observed that the staged model based initiative has not been 
successful in enforcing organization wide process improvement commitment. The 
current situation is a process-wise oligarchy where a minority manages the processes 
for a majority who use them. It might not be the goal of the company to establish a 
process-wise democracy where every employee has equal commitment and voice in 
the process improvement; however, it had been concluded that the organization wide 
process improvement commitment is not enabled for the organization.  

It was also observed that process improvement suggestions are concentrated before 
the maturity level assessment periods. This results in most of the database entries 
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being submitted in only a short period of time over a course of many years. Therefore 
it was not possible to state that the maturity model based approaches enforced 
continuous process improvement for the organization.  

The second phase of the case study builds on the findings of the previous phase by 
analyzing the opinions of the employees of the target company in order to answer the 
following question: 

• How is software process improvement contribution related to an employee's 
education, experience and role within the organization? 

A questionnaire had been created and distributed to the employees of the company. 
The questionnaire consisted of two parts. The first part contained 15 questions with 5-
level Likert scale answers (Coded as 1 for Strongly Disagree to 5 for Strongly Agree). 
These questions aimed to document the opinion of the employees regarding the 
 

Table 1. Questionnaire Part I 

Code Question 
SPIRequired Process improvement activities are required and important 

for the success of organizations. 
SPIContinous Process improvement activities shall be performed 

continuously independent of maturity level assessments. 
ProcessesMature Processes of my organization do not need to be improved. 

AllParticipate All members of the organization shall participate in process 
improvement activities. 

SmallTeam A small dedicated team shall perform process improvement 
activities while minimally disturbing the rest of the 
organization. 

RoleBased Participation ratio in process improvement activities shall be 
based on the employee's role. 

SeniorityBased Participation ratio in process improvement activities shall be 
based on the employee's seniority and experience. 

HeavyWorkload I cannot spare time for process improvement activities 
because of my heavy workload. 

NotJustified The gains obtained from process improvement activities is 
not high enough to justify the effort dedicated to them.  

SPIKnowledge I have adequate knowledge about what I can do for the 
improvement of my organization's processes. 

PTIKnowledge I have adequate knowledge about the Process and 
Technology Improvement Database (PTI DB). 

PTIBeneficial PTIDB is beneficial in continuous process improvement 
activities. 

PTISufficient PTIDB is sufficient in continuous process improvement 
activities. 

PTIContent I know the possible content of suggestions that I can submit 
to PTIDB. 

PTIEvaluation I think that the suggestions I have submitted/plan to submit 
to the PTIDB are evaluated in an adequate way. 
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process improvement activities and the improvement database used within the 
organization. The questions of the first part of the questionnaire are given in Table 1 
together with the associated codes, which will be used for the rest of this study. 

The second part of the questionnaire consisted of 8 questions, which obtained 
personal information about the employee as presented in Table 2.  

Table 2. Questionnaire Part II 

Code Question 
Sex Sex 
University University 
Department Department 
TargetExp Employment duration in target company 
MaturityExp Employment duration in an organization with a maturity level 

certificate (CMMI, ISO 15504 etc.) other than the target 
company 

NonMaturityExp Employment duration in an organization without a maturity 
level certificate (CMMI, ISO 15504 etc.) other than the target 
company 

Role Role 
PTISubmission PTIDB Submission Count 

 
We performed a factor analysis [9] on the questionnaire results in order to identify 

the underlying approaches of target company employees regarding the staged models 
and process improvement activities. We obtained findings that support or at least 
align with the findings of the first phase of our research. 

After the research for the first company was published we extended our research to 
a second target company. The company was chosen so that it has a similar profile 
with the first target company. The same research method was applied and the results 
obtained from both phases were in line with the results obtained from the first target 
company. 

All our findings coupled with our experience in the field of software process 
improvement, established that the staged maturity model based approaches in 
software process improvement fails to enable a continuous process improvement with 
a high participation ratio of the employees. 

3 Causal Factors and Solution Proposals 

In order to form a more sound solution to the presented problems, we explore the 
causes to the problems of continuity and participation in process improvement 
activities. We postulate that the underlying cause of the problems we have  
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Table 3. Questionnaire Answers’ Mean Values 

Code Mean Value 

SPIRequired 4.31 

SPIContinous 4.14 

AllParticipate 3.81 

RoleBased 3.70 

PTIBeneficial 3.65 

SeniorityBased 3.24 

PTIKnowledge 3.23 

PTIContent 3.23 

PTIEvaluation 3.22 

HeavyWorkload 3.17 

SPIKnowledge 3.17 

SmallTeam 3.08 
PTISufficient 2.77 

ProcessesMature 2.16 

NotJustified 1.95 
 
Combining these mean values with our findings from our previous research, we see 

that contradicting views are observed among the employees and different approaches 
are predominant between different role groups. We believe that training is an 
important tool for resolving these problems. Another point worth mentioning is the 
role-based variation. As proposed in our previous studies a strong candidate for 
explaining this variation is the exposure of the different roles to process improvement 
activities either through their daily activities or the periodic appraisals performed in 
the organizations. The training and exposure factors given here are collectively named 
as awareness dimension given above. It is postulated that by increasing effective 
training and exposure to processes and process improvement activities, the overall 
awareness of the employees will be increased. The specific suggestions for 
overcoming the problems in the awareness dimension are presented in Table 4. 

Table 4. Solutions for the Problems in Awareness Dimension 

Appraisal Team Rotation 
Rationale Explanation 
The periodic appraisals performed for 
obtaining and maintaining maturity 
levels are usually performed by a group 
of people mostly consisting of the role 
groups such as quality engineers or 
configuration managers. This might be 
a contributing factor for the 
participation ratio discrepancies 
between the different role groups. 

The appraisal team membership shall be 
rotated between the role groups and 
members of the organization. Different 
persons shall be utilized at each 
periodic appraisal. 
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Table 4. (Continued) 

Extensive Training 
Rationale Explanation 
Current organizational training 
programs usually focus on teaching the 
employees how to do their jobs. An 
extensive training approach with a focus 
on the institutionalized processes might 
be beneficial in raising awareness. 

Training courses that focus on the 
written-down versions of institutionalized 
processes will increase the employee’s 
awareness regarding the organizational 
process assets. These trainings must also 
focus on the process improvement 
channels used in the organization so that 
the employee will be able to participate in 
the improvement activities. 

Process Action Teams 
Rationale Explanation 
Process Action Teams (PATs) are 
formed cross-functionally to improve a 
process or to address a process related 
issue. Experience shows that these 
teams contribute to raising process 
related-awareness in team members 
who are not usually exposed to 
organizational processes. 

PATs may be formed with goals set by 
the management. In addition to the 
quality engineers and configuration 
managers, employees from engineering 
groups must be assigned to these teams 
to increase their awareness. 

Periodic Reminders 
Rationale Explanation 
Formal organizational trainings for 
specific subjects might not be 
performed with a high frequency. The 
employees will be accustomed to the 
daily routine with time and stop 
referring to the organizational process 
assets. 

Periodic publications such as weekly e-
mails or bulletins may be used to remind 
the employees of the organizational 
process asset library items. These 
periodic reminders might also include 
pop-quizzes related to organizational 
processes, which might also support the 
gamification approach presented below. 

Management Support 
Rationale Explanation 
Usually process improvement 
incentives within organizations are 
assigned to a small group of employees 
by the management. Organization wide 
participation requires support on the 
management side. 

Yearly process improvement plans and 
objectives might be shared with the 
whole organization and the management 
might encourage all the employees (not 
only a small group) to actively pursue 
these objectives according to the plan. 
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3.2 Motivation 

Although the employees support continuous process improvement as presented by the 
questionnaire answers this support does not result in actual contribution as we have 
explored in previous phases. This shows that the employees are not motivated to 
personally engage in process improvement activities despite believing its benefits for 
the company they work for. This brings us to the motivation dimension we have 
stated above. Our solution proposal for motivation is to employ a gamification 
approach [10]. We propose a reputation system where active participation in process 
improvement activities results in points in the name of the employee. In addition to 
the points, a badge system will enable the employees to earn badges based on the 
points accumulated or different tasks completed. The point and badge listings will be 
publicly available for all employees to see and compare which will hopefully result in 
competition between employees. Furthermore, the organizational management might 
use the points and badges as a means of measuring performance or allocating bonus 
payments or benefits. A recommended list of points and badges that can be used as a 
staring point is given in Table 5. 

Table 5. Recommended Reputation Gains 

Action Reputation Gain 
Submitting a PTI 10 points 
Adding comment to a PTI submitted by someone else 1 point 
Submitted PTI chosen for implementation 20 points 
Completing a specific organizational training course  30 points 
Participating in a PAT 50 points 
Completing the Pop-Quiz of a periodic reminder Varies (based on 

success) 
Participating in a Process Appraisal Team 100 points or Badge 
Gaining Most Points in a Period of Time Badge 
Making Most PTI Submissions in a Period of Time Badge 
Adding Most Comments to PTIs in a Period of Time Badge 
Most PTIs chosen for implementation in a Period of 
Time 

Badge 

Most PAT Participations Badge 
Reaching pre-determined PTI submission counts (e.g. 
5/20/50/100) 

Badge 

Most Novel Idea for a PTI Badge 

3.3 Model Support 

The last dimension we have postulated is the support of the employed process models. 
Since our target companies have both been using CMMI, it will be used for 
explaining this dimension. CMMI-DEV version 1.3 [2] gives two process areas as 
related to process improvement activities. Organizational Process Focus (Maturity 
Level 3) process area states “The organization encourages participation in process 
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improvement activities by those who perform the process” in the introductory notes 
section. However, the rest of the process area does not clearly enforce participation by 
those who perform the processes. One of the focuses of this process area is periodic 
appraisals. It might be possible to support an increase in exposure by modifying the 
appraisal methods used. The model does not enforce periodicity or the team 
composure for these appraisals. We suggest that the model might be updated to 
support our “Appraisal Team Rotation” suggestion detailed above. Overall, this 
process area fails to enforce continuous and highly participated process improvement. 
It is our understating that the authors of the model assume that all stakeholders will 
participate “somehow” by supplying improvement suggestions. Unfortunately our 
previous studies have shown that this is not the situation in the target organizations. 

The second process area is Organizational Performance Management (Maturity 
Level 5). This process area extends the Organizational Process Focus practices by 
focusing on process improvement based on a quantitative understanding. Also the 
definitions of improvements are elaborated and much more in focus then Organizational 
Process Focus. However it is still assumed that the members of the organization will 
supply the improvement suggestions. There is no mechanism in place to enforce 
continuity or large-scale participation. The method suggested for collecting improvement 
suggestions is based on comparing organizational performance data with business 
objectives and submit suggestions for negating any shortcomings. One sub-practice in 
Specific Practice (SP) 2.1 Elicit Suggested Improvements states the following for 
clarifying sources of suggestions; 

“These suggestions document potential improvements to processes and 
technologies. Managers and staff in the organization as well as customers, 
end users, and suppliers can submit suggestions. The organization can also 
search the academic and technology communities for suggested 
improvements. Some suggested improvements may have been implemented 
at the project level before being proposed for the organization.” 

This paragraph is one of the rare explanations in the CMMI model that specifically 
targets our research questions. However it does not specifically enforce the continuity 
or range of improvement suggestions. 

The general problem with CMMI seems to derive from the fact that the process 
improvement approach presented relies on the organization performing a gap analysis 
with the model and then perform the activities to close this gap. However we believe 
that the intrinsic improvements originating from within the organization is also highly 
beneficial but CMMI fails to provide a consolidated mechanism to enable effective 
participation within the organization. It is interesting that a widely trendsetting model 
such as CMMI fails to address the problems that we have observed. 

We suggest that the Organizational Performance Management process area of 
CMMI be split in two. Activities that depend on the statistical performance data of the 
organization be kept at maturity level 5. However the definition and management of 
improvements shall be moved to the Organizational Process Focus process area of 
maturity level 3. Since maturity level 3 establishes institutionalized processes, their 
improvement shall also start at that maturity level to lay the foundation of a continuous 
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process improvement environment with large-scale participation. We also suggest that 
the model should focus on the process improvement more thoroughly by defining and 
encouraging the continuity and participation aspects in sub-practices. 

A further improvement opportunity for the maturity models might also be to 
change the way appraisals are handled by the model. Widely used models usually 
come together with an appraisal model. In the case of CMMI the appraisal 
methodology is called SCAMPI (Standard CMMI Appraisal Method for Process 
Improvement) [11]. We have seen that the periodic appraisals performed based on 
SCAMPI results in discontinuities in the process improvement activities in the 
organizations. Instead of a full scale appraisal performed for all process areas of the 
organization a new approach for a continuous appraisal of the process areas might be 
beneficial in overcoming the continuity problems in process improvement. 

4 Conclusion 

Our aim was to elaborate on the problems that we had presented in our previous 
studies regarding the continuity, extent, and employee participation of process 
improvement activities while employing staged maturity models. Previously we had 
presented that the process improvement activities are not continuous for organizations 
depending on staged maturity models such as CMMI. Furthermore, the employee 
participation in these activities is highly dependent on the role of the employee and 
software engineers who actually use the processes do not participate in their 
improvement.  

As identification of the underlying factors that cause these problems, we put forward 
the lack of three separate but interrelated properties.  These are the lack of awareness of 
the employees regarding the processes of the organization and process improvement in 
general, lack of motivation of the employees to participate in process improvement and 
the lack of established model support for continuous process improvement in the 
organization. We propose a set of possible improvements in order to establish a remedy 
for each these problems.  

In order to overcome the lack of awareness of employees, we suggest using 
techniques and improvements such as appraisal team member rotation for each 
consecutive appraisal activity, extensive training focusing on improvement aspect of 
organization’s established processes, forming of process action teams with large scale 
participation of different role groups, broadcasting of process and improvement 
related periodic reminders, and management support of process improvement 
activities with a focus on the problems that we have documented. 

For increasing the motivation of employees we propose a gamification approach 
with a reputation system where active participation in process improvement activities 
results in points and badges in the name of the employee. A publicly available list of 
points and badges gained by employees will hopefully result in competitive 
environment for process improvement. 

Finally, in order to overcome lack of the model support of CMMI regarding the 
continuity and participation issues of process improvement, we suggest a set of 
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improvements for the Organizational Process Focus and Organizational Performance 
Management process areas. 

The actual implementation and validation of these solution proposals are a work in 
progress and therefore are not in the scope of this study. We plan to implement these 
activities in a serial manner so that we can actually evaluate their benefits separately. Our 
first target is to focus on the lack of motivation by employing the gamification approach. 
We hope that the suggestions put forward by us will enable improvement suggestions for 
the maturity models themselves. Furthermore, the practices and techniques that we are 
evaluating might also be beneficial in other areas of organizational management where 
continuous participation of employees is a critical issue. 
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Abstract. Since the publication of ISO/IEC 15504-7 (“Assessment of 
organizational maturity”) in 2008, there have been few known instances of 
development of ISO compliant Organizational Maturity Models. As more and 
more Management Systems standards documenting requirements on processes 
from various fields of activity are being developed, maturity models can be 
used as a means to support organizations’ route to compliance, and to 
understand their readiness to certification. This article outlines the design and 
engineering of a maturity model for ITSM (IT Service Management), targeting 
compliance to the ISO/IEC 20000-1. The design and engineering of the 
maturity model artefact has followed and fulfils ISO/IEC 15504-7 and ISO/IEC 
33004 requirements for Organizational Maturity Models. These works extend 
the Transformation Process for Process Assessment Models Design and 
Engineering with Maturity Model activities. 

Keywords: Maturity model · ITSM · TIPA · Process assessment · 
Transformation process · ISO/IEC 20000 

1 Introduction 

Though the original edition of the ISO/IEC 15504 [1][2] was clearly based on the 
basic concepts from ISO 9000 [3] and ISO 9001 [4] (as formulated in the ISO 
Requirements Specification for a Software Process Assessment Standard in June 1993 
[5]), advocates of management system standards are often considering the process 
assessment approach described in ISO/IEC 15504 as incompatible and worthless.  

However, the publication of Cobit5 [6] and the rapid growth of the Tudor’s IT 
Process Assessment (TIPA) framework [7] for ITIL on the market seem to have 
contributed to a better understanding of what process models are. In the IT Service 
Management field, TIPA for ITIL [8] is a good example of the value that ISO/IEC 
15504-based assessments can bring either when monitoring the adoption of IT 
Infrastructure Library (ITIL) practices, or when working towards compliance to the 
requirements of a management system standard (such as ISO/IEC 20000-1). Process 
assessment has proved its value through a massive adoption in some sectors of the 
industry with CMMI [9][10][11], Automotive Spice [12], and more recently with the 
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release of TIPA for ITIL. As stated in the ISO/IEC 15504-2 standard [13], process 
assessment is applicable in the following circumstances: “a) by or on behalf of an 
organization with the objective of understanding the state of its own processes for 
process improvement; b) by or on behalf of an organization with the objective of 
determining the suitability of its own processes for a particular requirement or class 
of requirements; c) by or on behalf of one organization with the objective of 
determining the suitability of another organization’s processes for a particular 
contract or class of contracts.” 

In all three cases, the main components of the assessment output are the process 
profiles, which provide a structured representation of an individual process capability. 
These process profiles are then compared with the target profile defined prior to the 
assessment based on the organization’s expectations and constraints. This enables 
measuring the benefits of efforts previously undertaken, and understanding the gaps 
still to be covered to reach the target situation.  

Many organizations do also recognize the value of an ISO/IEC 20000-1 [14] 
certification as a means to publically demonstrate their excellence, or at least the 
compliance of their IT service management system to the standard’s requirements.  

In that context, more and more organizations from the TIPA community already 
engaged in a process improvement process, came and asked the same following 
question: “what capability level should my ITIL processes reach to meet ISO/IEC 
20000-1 requirements?” 

Thus this paper explains the underlying process to design an organizational 
maturity model in the specific domain of IT Service Management. It outlines the 
extension of the Transformation Process [15], initially used for the design of Process 
Assessment Models (PAMs) [16][17] in this domain, to the design and engineering of 
Maturity Models. It also depicts how this extended transformation process has been 
applied to create a maturity model covering all the requirements of ISO/IEC 20000-1.  

The Transformation Process extension for Maturity Model contributes to solving 
the initial problem identified within the TIPA R&D initiative: “how to improve ITSM 
processes?”. As explained in detail in [18], we had already translated ITIL best 
practices into a set of processes that companies can deploy for measuring the 
performance and capability of these processes. This paper describes how to design 
and engineer a maturity model for IT Service Management, targeting compliance to 
the ISO/IEC 20000-1 and based on the processes defined in the “TIPA® for ITIL” 
process assessment model, with a management system mindset. 

This paper is organized as follows: section 2 presents related works; section 3 
introduces the ISO requirements for maturity model design and associated constraints; 
then section 4 describes the extended Transformation Process for Maturity Model 
Design and Engineering in the ITSM domain before discussing design choices and 
concluding. 

2 Related Work 

To date, dozens of Capability Maturity Models have been developed in several 
domains, including those related to IT. The Capability Maturity Model Integrated 
(CMMI) [9] and the ISO/IEC 15504 standard series for Process Assessment 
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contributed to their spreading, particularly for Software Engineering in the 1990’s 
and more widely for IT purposes in the 2000’s. We can particularly mention 
Capability Maturity Models for IT Service Management purposes such as: IT 
Service Capability Maturity Model (ITSCMM) [19], Capability Maturity Model 
Integration for Services (CMMI-SVC)[11], Maturity Model for Implementing ITIL 
v3 [20][21], a Process Reference Model (ISO/IEC 20000-4)[22] and a Process 
Assessment Model (ISO/IEC 15504-8)[23] for IT Service Management, and 
Cobit5 Process Assessment Model [6]. 

Despite this wide range of models, there are few publications on the engineering of 
such models. Moreover, process models design and engineering remain an emerging 
discipline [24][25] and a sound systematic method for developing such models 
[26][27][28] is still missing. There was thus a need for demonstrating quality, 
efficiency and effectiveness of the produced artefacts and of their intended usage on 
the field for resolving the identified problem in a Design Science perspective. In 
addition various capability models and exemplar process models have been (are 
currently being) developed by the International Standardization Organization but little 
guidance exists for maturity model engineering and usage. 

In this context and with the market need for an ITIL-based maturity model for IT 
Service Management targeting compliance to the ISO/IEC 20000-1, the 
Transformation process initially designed for capability process models, has been 
extended to the organizational maturity aspects for ITSM.  

3 ISO Requirements for Maturity Model Design and Associated 
Constraints 

The Initial ISO/IEC 15504-7  
The ISO/IEC 15504-7 standard [29] defines the conditions for an assessment of 
Organizational Maturity. The standard establishes a framework for determining 
overall Organizational Maturity, based upon assessed profiles of process capability, 
and defines the conditions under which such assessments are valid.  

The standard also sets requirements and contains guidance on implementing the 
requirements for constructing an Organizational Maturity Model. The standard outlines 
that processes can be categorized into 5 process sets based on their contributions to the 
business goals of the organization. The set of fundamental processes that support the 
business is called the basic process set. The standard also defines a scale for 
organizational maturity, representing “the extent to which the organization has 
explicitly and consistently performed, managed and established its processes with 
predicable performance and demonstrated the ability to change and adapt the 
performance of the processes fundamental to achieving the organization’s business 
goals”. Maturity levels range from “immature (level 0)” to “innovating (level 5)”. 

Each organizational maturity level beyond level 1 is characterized by the 
implementation, at an appropriate level of process capability, of a further set of 
processes (called extended process set) that drive the achievement of the capabilities 
relevant to that maturity level.  



 Towards a Maturity Model for ISO/IEC 20000-1 Based on the TIPA 191 

The standard requires that Organizational Maturity Models shall be based upon one 
or more specified Process Assessment Model(s). The Organizational Maturity Model 
shall specify the elements, drawn from the specified Process Assessment Model(s) 
that constitute the elements of the Organizational Maturity Model, and the 
relationships between these elements and the organizational Maturity Levels. 

Transition to ISO/IEC 33004 
The revision of the ISO/IEC 15504 series lead to a sound revamping of the clauses 
related to process and maturity models in the new ISO/IEC 33004 [30] published in 
March 2015. Compared to the original ISO/IEC 15504-7, the new ISO/IEC 33004 is 
more open and can be seen as a meta-model for building process and maturity models. 

Whereas ISO/IEC 15504-7 was defining a scale for organizational maturity, 
ISO/IEC 33004 sets requirements on how to design such a maturity scale, 
emphasizing that the maturity model “shall define an ordinal scale for organizational 
process maturity, [..] shall specify a maturity level for each point on the ordinal scale, 
and [..] shall specify a continuous set of maturity levels, representing increasing 
levels of organizational process maturity, starting at the basic maturity level”. This 
gives anyone the liberty to define its own maturity scale. 

The standard goes further and states that a maturity model “shall define the rules 
for deriving an organizational process maturity level rating from the set of process 
profiles that result from an assessment”. These rules are thus no longer set in stone as 
requirements of the standard itself, and can thus also be implemented differently 
based on the context. 

The standard does however keep the same approach for the design of maturity 
models: they remain derived from one or more specified process assessment model(s) 
and identify the process sets associated with each of the levels in a scale of 
organizational process maturity, and relate to the growing ability of an organization to 
achieve higher levels of a specific process quality characteristic. 

4 The Maturity Model Artefact Design and Engineering  
in the ITSM Domain 

The context of the original request was: deriving the maturity level of an organization 
wishing to demonstrate its maturity and its readiness towards an ISO/IEC 20000-1 
certification while using ITIL processes to structure its improvement program.  

This characterizes the community of interest for the maturity model and its 
intended usage but also gives birth to a number of issues or challenges: 

1. ISO/IEC 20000-1 sets requirements on management system that are not 
defined as such in ITIL.  

2. ITSM processes are defined differently in ISO/IEC 20000-1 and ITIL. 
3. ISO/IEC 20000-1 requirements may or may not be present in ITIL processes.  
4. There is no consensus on an implementation order for these processes (no 

silver bullet). 
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Based on the context, issues and challenges previously stated, an ISO/IEC 33004-
compliant Maturity Model for ITSM was designed. So this Maturity Model has to be 
based on one or several specified PAMs: it relies on two existing Process Assessment 
Models. On the one side, the TIPA PAM for ITIL which contains 26 ITSM processes 
and addresses the practices described in ITIL 2011 [31] (such as Service level 
management, Catalogue management, Incident management…). On the other side, the 
draft ISO/IEC 33070-4 PAM for Information security management [32], which 
among others, embeds 12 processes describing all the practices common to all 
management systems (such as internal audit, communication management, 
management review…) [Figure 1]. These two models contain processes that are 
described according to the guidance coming from [33]. Still under development, the 
PAM for Information security management will be the first PAM targeting a 
Management System Standard (MSS) following the new structure required by ISO in 
its directives [34].  

 

 

Fig. 1. Coverage of ISO/IEC 20000-1 

For that, a specific design process was set up, extending the Transformation 
Process used for designing Process Reference and Process Assessment Models. This 
extended Transformation Process (see Figure 2) consists in the following steps:  

1. Identifying elementary requirements  
2. Identifying the processes which cover the elementary requirements 
3. Identifying the (base or generic) practices addressing these elementary 

requirements 
4. Defining the maturity scale 
5. Agreeing on the consolidation rules 
6. Assigning each process to a maturity level 
7. Identifying optional and conditional processes  

Each step of this extended Transformation Process is further described below. 
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Fig. 2. Extended Transformation Process 

Step1: Identifying elementary requirements 
The ISO/IEC 20000-1 standard was first analyzed in order to structure its content as a 
flat list of elementary requirements. For that, each “shall” statement was examined 
and broken down into one or several elementary requirements.  

For example, the sentence “The service provider shall create, implement and 
maintain a service continuity plan(s) and an availability plan(s)”, was decomposed 
into six elementary requirements: The service provider shall create a service 
continuity plan(s) / The service provider shall implement a service continuity plan(s) / 
The service provider shall maintain a service continuity plan(s) / The service provider 
shall create an availability plan(s) / The service provider shall implement an 
availability plan(s) / The service provider shall maintain an availability plan(s). 

An elementary requirement is made up of one subject, one “shall”, one verb and 
one (or more) complement(s). More than 400 elementary requirements were derived 
from the original document. 

Step2: Identifying the processes which cover the elementary requirement 
Each elementary requirement identified in step1 was then associated to one specific 
process coming from one of the two process assessment models used as inputs. For that 
the authors analyzed the meaning of each elementary requirement. When the requirement 
covered an ITSM practice, it was associated to one (or more) of the 26 ITIL processes 
(described in the TIPA PAM for ITIL). When the elementary requirement depicted an 
activity related to the implementation of the service management system, it was 
associated to one of the 12 management system common processes (described in [32]). 
When the elementary requirement described an interaction or an exchange between 
processes, it was associated to several processes (eventually coming from the two 
PAMs). For example, the elementary requirement “The service provider shall assess the 
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impact of request for change on the service continuity plan(s)” was associated to both 
Change Management and IT Service Continuity Management processes.  

Step3: Identifying the (base or generic) practice which address the elementary  
requirement 
Once each elementary requirement has been associated to a process, the authors 
drilled down into that process to select the most appropriate base practice addressing 
the elementary requirement. When no base practice could be considered as indicator 
of the achievement of the elementary requirement, the authors tried to associate it to a 
generic practice (i.e. an indicator of a capability level upper than one).  

This step permitted to highlight the following findings:  

• There were 22 elementary requirements that were not covered by any process 
of the two PAMs. 

• No elementary requirement from ISO/IEC 20000-1 is mapped to a capability 
level upper than 3. 

• No elementary requirement from ISO/IEC 20000-1 is mapped to the following 
ITIL processes: IT Service Strategy Management, Demand Management, 
Knowledge Management, Event Management, and Access Management. 

Step4: Defining the maturity scale 
ISO/IEC 33004 requires defining an ordinal scale for organizational process maturity 
and then specifying a maturity level for each point on the ordinal scale. Each maturity 
level needs then to be defined with a unique identification and description. 

The authors decided to start with the 6-levels ordinal scale originally defined in 
ISO/IEC 15504-7. Based on their experience, they reviewed the definition of levels  
1 to 5, keeping in mind the objective of the maturity model (i.e. preparing for 
ISO/IEC 20000 certification). 

The name of each maturity level is an adjective that can be used to qualify an 
organization reaching that particular maturity level. For example, an IT service 
provider reaching the maturity level 2 can be seen as a “managed organization”.  

The maturity scale is presented in the Table 1 below. 

Table 1. ISO/IEC 20000-1 Maturity levels 

# Maturity 
level 

Description 

0 Immature The organization does not demonstrate effective implementation of the 
processes that are fundamental for providing IT services, according to 
business expectations. 

1 Reactive The reactive organization is capable of operating and supporting identified 
and agreed IT services. 
The organization demonstrates achievement of the purpose of the 
processes that are fundamental for providing IT services, according to 
business expectations. 

2 Managed The managed organization is capable of proactively operating and 
supporting existing, new, or changed IT services. 
The organization demonstrates management of the resources and 
processes for providing and supporting existing, new, or changed IT 
services, according to business expectations.  
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Table 1. (Continued) 

3 Integrated The organization is capable of providing consistent design, transition and 
operation of existing, new, or changed services with integrated processes. 
The organization demonstrates effective definition and deployment of the 
IT service management processes that are integrated in a controlled 
management system. 

4 Governed The organization understands current and future market expectations and 
can guarantee its ability to meet them. 
The organization demonstrates objective control of its fundamental 
processes. The organization's strategy is translated in a portfolio of 
services that governs the performance and management of the processes 
and management system. It operates an effective influence on market 
demand accordingly. 

5 Optimizing The organization is continually improving its services according to its 
strategy. 
The organization demonstrates the ability to optimize its processes and its 
IT services. 

 
Step5: Agreeing on the consolidation rules 
An organization’s maturity level is derived from a set of process profiles that result 
from an assessment. ISO/IEC 33004 requires each maturity model to define the rules 
for doing so. These consolidation rules were initially described in ISO/IEC 15504-7.  

Here it was agreed to keep the ISO/IEC 15504-7 consolidation rules as they fit 
with our context and comply with the requirements contained in ISO/IEC 33004. 
These rules can be summarized in Table 2 below. 

Table 2. Maturity level achievement consolidation rules 

To achieve Maturity Level 1 All processes assigned to level 1 shall achieve process 
capability level (PCL) 1 or higher. 

To achieve Maturity Level 2 All processes assigned to levels 1 and 2 shall achieve PCL 2 
or higher. 

To achieve Maturity Level 3 All processes assigned to levels 1, 2 and 3 shall achieve 
PCL 3 or higher. 

To achieve Maturity Level 4 All processes assigned to levels 1, 2, 3, and 4 shall achieve 
PCL 3 or higher. One or more processes in the basic process 
set shall achieve PCL 4 or higher. 

To achieve Maturity Level 5 All processes shall achieve PCL 3 or higher. One or more of 
the processes in the basic process set shall achieve PCL 5. 

 
Step6: Assigning each process to a maturity level 
As defined in ISO/IEC 33001 [35], a maturity model is “a model, derived from one or 
more specified process assessment model(s) that identifies the process sets associated 
with the levels in a specified scale of organizational process maturity.” 

During this step, the authors assigned each process from both PAMs to one of the 
maturity levels previously defined. These design choices were based on the mapping 
done during step2 and step3, with the intent to have a consistent set of processes 
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contributing to the achievement of each level (defined during step4). These design 
choices will be discussed during the following section of this paper. 

Step7: Identifying optional and conditional processes 
In order to make a maturity model more flexible and usable in different contexts, 
some of its processes can be identified as ‘optional’ or ‘conditional’. In our case, 
optional processes are those that are not required to comply with the requirements of 
ISO/IEC 20000-1 (i.e. the processes without any associated elementary requirement 
identified during step3, such as event management or access management processes 
that are present in ITIL 2011). Conditional processes (processes that can be omitted 
under certain circumstances) have not been used in our specific context.  

5 Discussions  

Why were these previously described consolidation rules set? 
During the construction of the maturity model for ITSM, it was agreed by the authors 
to keep the consolidation rules previously defined in ISO/IEC 15504-7. This choice 
was made in order to avoid confusion, particularly for people who were already 
familiar with the concept of Organizational Maturity Model described in ISO/IEC 
15504-7. 

As the maturity model requirements set by the ISO/IEC 33004 are not yet broadly 
deployed for new Maturity Model releases, there was a lack of hindsight. But the 
practice and feedback we are expecting from the ITSM community will definitively 
enable to refine this expert judgment.  
 
Why were these maturity levels determined? 
Most popular maturity models on the market have defined a maturity scale ranging 
from 1 to 5, ISO/IEC 15504-7 having added a level 0. Even if these levels are defined 
differently and may have different meanings, people do unconsciously know or feel 
what these levels represent in term of maturity of their organization. Our maturity 
model needed to keep that structure to ease its adoption on the market. However 
keeping the additional “immature” value as level 0 on the ordinal scale of maturity 
seems as important to remain aligned with the standards philosophy. So we ended up 
with a 6 points ordinal scale ranging from level 0 (immature) to level 5 (optimizing) 
to which processes needed to be assigned. 

The structure of the maturity scale reflects the path of organizations progressing 
towards an ISO/IEC 20000-1 certification. The journey starts with an immature 
organization aiming to have more confidence in their ability to reactively perform 
their activities. More efforts will contribute to setting up a managed organization with 
repeatable fulfilled process outcomes. 

Mature IT service management processes (defined and deployed) supported by a 
mature management system define a “Level 3 – Integrated” organization, in which all 
requirements of ISO/IEC 20000-1 are met. The maturity scale was then challenged to 
evaluate the value of keeping levels 4 and 5. 
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Some organization may however wish or need to go further and implement 
activities and processes that are documented in ITIL but not required in the  
ISO/IEC 20000-1, deserving to be qualified as “Governed” (Level 4) or “Optimizing” 
(Level 5). These two upper levels were then kept to host optional processes. 

 
Why did the processes be assigned to such and such maturity levels? 
During step6 the authors associated each process described in the two selected PAMs 
to one of the five maturity levels defined during step4. This was driven by the purpose 
of these processes as well as by the meaning of each maturity level. For example, to 
determine the processes to be associated with maturity level 1, we tried to answer the 
following question: what are the processes required by a reactive organization? 
Incident management? Request fulfilment? For maturity level 2, the authors 
determined which processes are necessary for an organization to be considered as 
managed. A key indicator of maturity level 3 is the existence of a management 
system. By nature, the processes supporting a management system (for example 
management review, internal audit, or documentation management), bring value once 
they are uniformly defined and deployed within the assessed organization. In other 
words, to be efficient, these processes should individually reach a process capability 
level of 3. For that reason, and according to the previously defined consolidation 
rules, the authors decided to assign most of the management system common 
processes to the maturity level 3. Thus, all the processes mapped to requirements from 
the ISO/IEC 20000-1 standard were allocated to levels 1 to 3, and the remaining 
processes from the TIPA for ITIL PAM were defined as optional processes and 
assigned to maturity levels 4 and 5. 

This work was mainly based on the authors’ judgment and on their experience. 
This activity was however more influenced by the consolidation rules (step5) than by 
the results of the mapping performed during step3. The feedback and validation on 
the field will enable to rationale and document this further.  
 
Was the maturity model a good option to prepare for ISO/IEC 20000-1 
certification? 
The maturity model offers a structured approach that can help organizations 
implement a staged approach towards the targeted certification. The suggested 
journey can help organizations implement consistent set of processes depending on 
their business objectives, and hopefully get certified once level 3 covered. 

Steps 2 and 3 of the extended transformation process connect the elementary 
requirements from the standards to (generic or base) practices from the process 
assessment models used. The requirements are so contributing to the process 
capability. But for reaching maturity level 1 (or any higher level) all processes of the 
basic (or any further extended) process set is expected to have reached the appropriate 
capability level (according to the consolidation rules), which means that the highest 
process attributes targeted can be either largely or fully implemented.  

In the ISO/IEC 20000-1 certification mindset, traceability to requirements has to be 
demonstrated. The mapping that was performed for the ITSM maturity model 
development ensured this but appropriate additional tools and views may have to be 
considered for enhancing the improvement power and complementary qualities of a 
process maturity approach compared to a certification (audit) preparation. 
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6 Conclusion 

Maturity Models are powerful tools for organizations that want to demonstrate their 
excellence through a staged approach of (third-party) assessments. They can also be 
used to target the scope of these assessments and so set a structure for improvement 
initiatives as they are supposed to provide consistent set of processes for each level of 
maturity. However, as each context is unique, there are no “silver bullets” and one can 
always argue that the set of processes defined for each level does not suit them. We 
are proposing a maturity model for ISO/IEC 20000-1 based on the IT service 
management processes as defined in ITIL 2011 [31] (and structured in the TIPA for 
ITIL PAM) and on the management system activities as recommended in the Annex 
SL from ISO [34] (and presented as processes in [32]). This maturity model shows 
how an organization can evolve from reactive (level 1) to managed (level 2), and 
integrated (level 3) where it covers the ISO/IEC 20000-1 requirements, including the 
ones covering the management system. The organization can even go further to level 
4 (governed), and ultimately to level 5 (optimizing). The maturity model helps 
organizations to understand their readiness towards ISO/IEC 20000-1 compliance, 
and presents the gap they need to cover before they can claim official recognition 
through an ISO/IEC 20000-1 certification. The maturity model enables to understand 
the capability level that processes need to reach to meet ISO/IEC 20000-1 
requirements. Experimentations and validation are in progress on the field with early-
adopters of the maturity model with a sample of organizations from the relevant 
community of interest. So the model is still subject to modification and is not 
presented in details in this paper. Future works will consist in analyzing the feedback 
from the experimentation and validation phases and share the conclusion with the 
scientific community through publication.  
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Abstract. Software process learning is a relevant aspect on software process 
improvement. In this paper, we present a framework based on knowledge 
graphs, in order to evaluate the expertise on ISO 15504 software model 
(SPICE). Having identified some papers related to the target of the research, we 
have proposed a framework with modules related to mechanisms, to extract 
both: information from IT workers and SPI models, for generating the 
corresponding knowledge graphs and matching them, to determine strengths 
and weaknesses in the learning process of the SPICE model. 
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1 Introduction 

Software process is an important discipline in the body of knowledge of software 
engineering. Though, many process models are found in the literature and are widely 
known and used by industry members, these models require special techniques and 
mechanisms, so the beginners can learn and effectively use them, during software 
development projects. Furthermore, it is necessary to research on new techniques, in 
order to assess if the knowledge acquired by learners matches, the knowledge of 
standard models used. This paper aims to research the development of a framework, 
which uses knowledge graphs, to assess the degree of learning about a specific 
software process. The selected software process model was the ISO 15504 (SPICE) 
model. This model is one of the most well known software process models, that is 
referenced by software development organizations. 

This paper is organized as follows: First, it is presented a background about the 
main concepts underlying the proposed framework. Next, the working method is 
described with a set of papers related to the research subject. Then, the results of the 
working method are shown. In the next section, the proposed framework is explained, 
with its main elements and functions. After that, the validation of the study is 
presented. Finally, the conclusions and future researches are presented. 
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2 Background 

This section contains a brief description of the main concepts of our research. First, it 
addresses the some issues related to software process and learning, and then, the 
SPICE model is described. Finally, the concept of knowledge graph is presented. 

2.1 Software Process and Learning 

A software process can be defined as: "a coherent set of policies, organizational 
structures, technologies, processes and artifacts required to design, develop, install 
and maintain a software product" [1]. Software process management involves the 
following activities: process definition, process control, process measurement, process 
improvement and process execution [2]. 

Initially, we started learning about software process, mainly focused on adding it to 
the discipline of software engineering. Therefore, it was included in the final versions 
of SWEBOK [3]. While knowledge areas are defined by what to teach, there is no 
way to teach, leaving wide open pedagogical choices in between, say, reading vs. 
practice, teacher-centered vs. student-centered, individual learning vs. team learning, 
context-free project case vs. project located case, etc. [4]. 

In order for learning to be effective, the process should be easy to understand, the 
contents of processes must be flexible and easily modifiable to be applied in different 
projects, and also, they should have well defined interfaces to other related processes 
[5]. 

Lyytinen and Robey [6] refer to the failure of organizations, to learn from their 
own previous experience, as a reason for the recurrence in problems of IS 
development. They argue that learning from experience is against the common 
practice, because the necessary motivation is not there to do it. 

2.2 SPICE Model 

ISO/IEC 15504, also known as Software Process Improvement Capability 
Determination, SPICE, is a model for improvement, and evaluation of development 
processes, system information and software products maintenance [7]. 

ISO/IEC 15504 assessment model has 2 dimensions: process dimension and 
capability dimension. Process dimension consists of processes, and each process is 
defined in terms of its purpose and outcomes. Capability dimension defines 6 
capability levels: from incomplete process (level 0) to optimizing process (level 5). 
Each capability level has a set of process attributes (PA) defining the particular 
aspects contained in process capability. The process attributes are defined by stating 
the goals to be achieved. The mapping should guide the "process outcomes" (level 1) 
and the "achievements" (levels 2-5) for each process. 

The assessment model for capability levels in all processes can be from 0 and at 
least to level 1 of the following levels of standard capability: Level 0, Incomplete; 
Level 1, Performed; Level 2, Managed; Level 3, Established; Level 4, Predictable; 
and  Level 5, Optimizing. 
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sources on: title, abstract and keywords. Table 1 displays a list of synonyms and 
alternative spellings for the search terms. 

Table 1. List of synonyms and alternative spellings. 

Term Synonyms and  alternative spelling 

Software process Software development, Software development process, Software 
project 

Knowledge graph Knowledge diagram, Knowledge chart

Learning Training, Teaching, Instruction, Guiding, Coaching, Preparing, 
Education, Studying, Understanding

 
The search range was between 2005-2015. Using the search equation, in the search 

engines of the selected information sources, we found 2,905 “potentially relevant” 
papers. 

Step 2: After debugging the results by duplicate cleaning, a quick review of the 
results of step1 was performed. During the review, the papers that had relevant titles 
were identified. The amount of identified papers was: 146. 

Step 3: Next, a second review which included the reading of keywords, abstract, 
introduction and conclusions was carried out. The criteria used for the selection was 
the pertinence among knowledge graphs, software process and software process 
learning. The final amount of papers was: 49. 

Step 4: Finally, a full reading of the papers resulting from step3 was done. From 
this reading, it was defined a group of factors related to knowledge graphs applied to 
software process. For these papers, it was performed a quality assessment, by 
evaluating the objectives and context of the research within the papers. 

4 Results 

Table 2 shows the identified papers. The papers related to software processes have 
been favored from those related to learning on the industry. Many of the papers that 
were found refer to learning in university programs, and according to its content and 
relevance, some of them have been considered in the filtering. 

Table 2. List of identified papers. 

Group Paper Software process Knowledge graph Learning 

1 [15], [16], 

[17], [18], 

[19], [20] 

RUP, Software process 

life cycle, Iterative 

development models, 

SPICE Level 3 

N/A Instruction design, Simulation 

environment, Constructivism,  

Decision rules, Problem Based 

Learning, E-Learning to coach  

2 [21], [22], 

[23], [24] 

Software engineering 

practices, Software process 

improvement, Social 

software engineering 

N/A Game, Social software, 

Technology Acceptance Model 

(TAM) and the Theory of 

Planned Behavior (TPB), Tools 

and communities 
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Table 2. (Continued) 
 

3 [25], [26], 

[27] 

Competisoft, Very small 

software entities, Agile 

process 

N/A e-learning, templates, 

repository, Experience between 

industry and school, Wiki 

4 [28], [29] ACM/IEEE-CS and GSwE 

curriculum guidelines  

N/A Problem-based and Project-

driven learning, Best practices 

5 [30], [31], 

[32], [33], 

[34], [35] 

N/A Extraction,  Querying, 

Text summarization, 

Identification, Information 

retrieval 

N/A 

6 [9], [36],  

[37]  

N/A Subgraph skyline search, 

Answer graph, 

Exploratory search, 

Enterprise search 

N/A 

7 [38], [39], 

[40], [41] 

N/A Extraction, Document 

categorization, relation 

detection, Concept map 

Active learning, Fuzzy rules, 

Unsupervised learning. Course 

planning 

8 [42], [43], 

[44], [45], 

[46], [47], 

[48], [49], 

[50] 

 

Health and life sciences, 

Design rationale, Software 

requirements, Software 

patterns and design 

decisions, Definition of 

processes  

Concept maps and graphs, 

Architectural decision 

model, Acyclic graph, 

Semantics of a design 

pattern, Ontology 

N/A 

9 [51], [52], 

[53], [54], 

[55], [56], 

[57], [58], 

[59], [60], 

[61], [62] 

Airborne software, Reverse 

engineering, Requirements 

engineering, End-user 

development, Software 

projects,  Construction of 

models, Collaboration 

management of teams, 

Design patterns, 

Development process, 

Software process reference 

models 

Analysis and verification 

of requirements, 

Discussion and solution 

knowledge graph, 

Requirements diagrams in 

SysML, Web pages and 

navigational links, 

Semantic visualization, 

Transition systems, 

Members and interactions, 

Representation of patterns, 

Concept map, Ontology 

Collaborative learning, 

Comprehensibility of 

requirements, Understanding 

software systems and software 

behavior, Visualizing group 

learning, Use and apply of 

patterns, Usability of an API, 

Comprehension of code, 

Teaching/learning process 

references models 

 
The first group of papers is focused on traditional software processes, as software life 

cycles or iterative models. The learning in these models is achieved through 
constructivist techniques, problem based learning, games and simulations, and E-
learning. For this group, there were not found applications that used knowledge graphs. 

In the second group of papers are discussed specific software engineering 
practices, using models of social psychology, such as the Technology Acceptance 
Model (TAM) and the Theory of Planned Behavior. For this group, there were not 
used knowledge graphs to model the knowledge of software process. 
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In the third group of papers, the focus is on software processes oriented to small 
businesses and in the use of agile processes. The process approach for learning is 
based on artifacts, templates, experiences and knowledge repositories. Modeling of 
processes by using knowledge graphs was not applied. 

The fourth group of papers contain process models oriented to software 
engineering processes curricula. Their learning is based on projects and problems 
solution. These processes curricula do not use knowledge graphs. 

In the fifth group of papers, there is some use of knowledge graphs oriented to 
query, extraction, summarization and identification. This group is not oriented to 
software process learning. 

In the sixth group of papers, the target is on finding and exploring knowledge 
graphs, emphasizing on sub-graphs for querying, also, on finding answer sub-graphs 
based on exploration and search. This group is not oriented to software process 
learning. 

In the seventh group of papers, there can be found techniques for active learning, 
unsupervised learning and fuzzy rules for extraction; as well as, relations detection, 
categorization of documents and concept maps. This group is not focused on software 
processes. 

The Eighth group of papers, there can be found some concept maps and models of 
decision in knowledge graphs, for specific software systems, such as personal health 
systems and life sciences and health. This group does not include aspects of learning. 

The ninth group of papers integrate the three aspects in the discussion level and 
solution knowledge graphs applied to: airborne software or modeling conditions, 
requirements, software projects, models, patterns and process reference models using 
cooperative learning, understanding and teaching software process . 

These groups of papers specify a set of factors, which must include a framework, 
to assess the knowledge of SPICE process, therefore, it has been found, that the most 
appropriated groups for the focus of this paper would be number 5, 6, 7, 8 and 9; 
having: 

• Knowledge extraction process of IT workers: The framework must be able 
to extract (group 5) current knowledge of the IT workers about the SPICE 
process that applies to their organization. 

• SPICE standard knowledge modeling process by extracting information 
(group 5) and querying organizational knowledge repository, by using 
search graphs (groups 6 and 7). 

• Matching process of the standard SPICE graph and the user graph to 
determine strengths and weaknesses of user learning (groups 8 and 9). 

Since the first four groups are not applied in determining factors, because they are 
related to general software development processes, and they do not use knowledge 
graphs, they are not suitable for the purposes of this paper. 



Towards the Development of a

5 Framework 

The proposed framework 
learning of the ISO/IEC 1
have a mechanism to determ

Fig. 2. A fra

This framework is comp
 
a. Generating a SPI m

Information is extracte
generated, with nodes repr
representing the semantic 
module are:  

• Information Extrac
This process aims at ga

Based on [63], some of the 
Entity Recognition and Dis
entities; 2) Pattern Mining: 
filtering relationships; and
sentences and avoiding excl

• Partitioning 
A filtering activity mak

before extracting informatio
topic or domain defined.  

• Queries 
Queries can be formula

includes an analyzer, to dis

a Framework for Encouraging the Learning of SPICE Model 

(Fig. 2) presents the mechanisms to help improving 
15504 model. This proposal would support organizati
mine IT workers’ knowledge capability on the SPI mode

 

amework for supporting the learning of SPICE 

posed by three modules, as explained below: 

model’s knowledge graph 
ed from the SPI standard and a knowledge graph
resenting entities, such as concepts and terms, and ed

relations between them. The processes defined in 

ction 
athering entities and relationships, from the SPI standa

techniques considered to carry out this process include
sambiguation: filtering noisy sentences and obtaining ty

identifying patterns from compiled sentences and used
d 3) Consistency Reasoning: setting consistency betw
lusions. 

kes a previous segmentation on the ISO 15504 docum
on in order to generate its knowledge graph according t

ated over the SPI model’s knowledge graph. This proc
scard irrelevant information, when discovering informat

209 

the 
ions 
el.  

h is 
dges 
this 

ard. 
e: 1) 
ped 

d for 
ween 

ment 
to a 

cess 
tion 



210 A.F. Del Carpio and L.B. Angarita 

results. Subsets of graphs returned are in order to make easy the interpretation and 
understanding of results.  

 
b. Generating worker’s knowledge profile 
The focus of this module is on building a worker’s profile about the acquired 

knowledge and the learning on any domain of the SPI model. As a result, it is 
generated a knowledge graph, which contains the concepts and terms related to the 
assessed domain.  The processes defined in this module comprise Information 
Extraction, especially, those defined as common processes, which are briefly 
described as: 

• Information Extraction 
Based on [44], the categories of knowledge assets adopted to define the worker’s 

profile were: experiential (knowledge acquired by experience), conceptual (mainly 
concepts and processes perceived), systemic (addressed as documentation generated 
by the worker), and routine (know-how and working practices carried out day-to-day). 
They all provide a clear insight of the knowledge profile gathered through answers, in 
response to the application of forms and questionnaires. 

Moreover, the same techniques described in the Information Extraction process, of 
the Generating SPI model’s knowledge graph module, are applied in this part. 

 
c. Matching knowledge graphs 

Once the worker’s profile is generated as a knowledge graph, it is compared to the 
SPICE knowledge graph, in order to determine the degree of similarities and 
differences between both of them. This analysis is carried out under specific topics 
previously determined, in order to perform an analysis within the same semantic 
context. The processes considered are: 

 
• Identifying Queried Graphs 
The degree of matching is identified between the worker’s knowledge graph and 

the one obtained from the ISO 15504 model. Mechanisms of searching sub-graphs are 
executed to determine similarities and differences between them based on the level of 
alignment of their semantic spaces.  

• Analysis of similarity 
Isomorphism techniques based on [9] are applied on the graphs, following the 

filtering and verification stages. The transformation of the analysis of entities is 
considered to obtain result graphs, being weights assigned to nodes and relationships. 
A summary graph is obtained, which preserves the semantic content of matching.  

 
d. Analysis of learning 
This module comprises the learning process followed by the IT worker, in order to 

achieve learning goals. The processes considered are: 
• Configuration session 

A session defines the topic to be evaluated, the goals to be achieved by the 
IT worker and the questions to be answered. Different difficulty levels are 
associated to the questions according to the complexity of the analyzed 
knowledge domain. 
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• Evaluation 
Based on the matching results, this process establishes the relation between 
the results that were accomplished with those that were expected. As a result, 
it is possible to determine the strengths and weaknesses in the learning 
process. 

• Decision making 
Taking the evaluation results, it is determined either what aspects of the SPI 
model need to be reinforced or what aspects are plenty learned. 

 
As common process between both modules, we have: 

• Association Analysis 
This process analyzes the belonging and association, between entities by using 

relations. Triplets in the form of <relation_name, entity_name#1, entity_name#2> 
represent the graph, which must be properly evaluated to determine consistent 
relations and discard unnecessary information. 

• Generating Knowledge Graph 
A semantic space is represented by a knowledge graph. The ISO 15504 model 

concepts are encoded, where a node is created for each entity, based on the defined 
domain of the SPI document, and edges according to the semantic meaning. The 
attributes can be assigned both to nodes and edges, to properly enrich the graph.  

• Storing  
This process stores the extracted knowledge into a graph database, which is a 

knowledge repository based on semantic web. Graphs are stores through nodes and 
relations, being considered different kinds of these elements. 

6 Validation 

A first validation on the proposed framework was carried out, where a short course 
about the ISO15504 process was developed for a group of 37 students of the Software 
Engineering course. A kind of process learning evaluation was developed, which 
consisted of 25 questions about the Engineering process category of the model. 

From student responses, knowledge graphs were generated on the learned process, 
and then they were compared to the ISO15504 knowledge graph, to evaluate the 
degree of learning on Engineering process category. 

Table 3 shows learning outcomes obtained by the group of students in each of the 
engineering sub process. The scores are showed in scale of 0 to 100. 

The processes with the highest score were: Development process and System and 
software maintenance process. These scores describe that concepts involved in these 
processes are high-level and easy to learn.´ 

The processes with the lowest score were: System requirements analysis and 
design process and Software requirements analysis process. The students had 
difficulty differentiating between system requirements analysis and software 
requirements analysis. In addition, they were unable to identify which process the 
system architecture belongs to. 
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Table 3. Learning on Engineering process category. 

Process Average Standard deviation 

Development process 75,67 15,13 
System requirements analysis and design 
process 

44,59 13,38 

Software requirements analysis process 37,83 22,93 
Software design process 54,05 10,0 
Software construction process 49,54 10,0 
Software integration process 54,05 1,0 
Software testing process 60,81 1,0 
System integration and testing process 54,05 1,0 
System and software maintenance process 63,78 2,0 

 
The processes: Software design, Software integration and System integration and 

testing process had the same score. The students know well the processes purpose but 
had trouble identifying the results of process implementation. 

7 Conclusions and Future Researches 

This paper describes a general framework, to establish the first step towards 
determining IT workers’ knowledge capability on a SPI model, through the analysis 
of knowledge graphs. This proposal aims to contribute with learning of ISO 15504, as 
an important standard on developing software process. The framework includes 
modules to extract information from IT workers and the SPI model, and generate 
knowledge graphs to be compared and analyzed to determine the degree of learning 
about a predefined topic. 

We conducted a proposal based on the reviewed literature, which was searched on 
important databases, containing most of the scientific production in the field of 
interest. According to the searching results, papers including research about SPI 
models learning using knowledge graphs were not found. Instead, their focus was 
mainly on querying knowledge graphs, analysis of associations between graph 
components, structuring and summarizing of graphs, having uncertainty in knowledge 
graphs, generation of graphs, and several other approaches to strengthen teaching 
software process.  

For future works, our research will be extended towards a more detailed validation 
of the framework, by people working in the IT field, developing software and 
applying the ISO 15504 standard.  

We believe that this approach assists to carefully construct the individual 
knowledge more quickly. Although knowledge graphs could be powerful as a tool to 
learn on exploratory search, they cannot replace the document search [39]. Hence, 
interconnections between the document of the standard and the graphs, should be 
considered as an extension to this framework. 
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Abstract. ISO/IEC 12207 training is a key element to provide an abil-
ity to software development organizations for selecting a set of required
processes, measuring the performance of these processes, and continu-
ously improving them. Traditionally, such training is either performed
by an expert individual to the software quality management personnel
most likely in form of a seminar in a classroom environment. This may
also be given by a qualified professional, such as a registered auditor.
However, software requirements are usually subject to change, and there-
fore such training is not enough to teach the substantial details of the
entire standard. This has led to increased reports of complications, which
demotivates organization to use this standard. To improve the quality of
traditional training, a 3D serious game was proposed. The preliminary
idea here is that the training is utilized as a game that employs 3D office
landscape to provide a realistic virtual environment for ensuring that the
training will be based in a real-world-like environment. Before building
a prototype for our serious game, we consulted five industrial experts
whose works are related with ISO standards. To give these practitioners
an opportunity to explore the conceptual design and raise some potential
problems, the semi-structured interview method was used. Based on the
suggestions of experts, proposed model of the serious game were revised.
Taken together, initial results suggest that a serious game for teaching
ISO/IEC 12207 should be useful for individuals who are interested in
learning more about the standard.

1 Introduction

ISO/IEC 12207 is an international software engineering standard that defines the
software engineering processes and activities, which are associated with software
life cycle process from conception to the end of product [1]. This standard defines
a set of suitable roles for software practitioners and follows the plan-do-check-act
cycle for improving the quality of the product [2].
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ISO/IEC 12207 is based on the qualitative definitions of the processes, and
therefore there are no implementation details of defined the tasks and activi-
ties [3]. Moreover, it does not measure the quality, it does not define specifically
how to do activities and tasks, and it does not prescribe to specific methods,
practices or tools. Its modular structure is suitable for tailoring. Therefore, an
organization can customize the necessary parts of the standard that are planned
to be used based on the requirements of a software project [4]. Because of the
high modularity of the standard, it is more easily to deal with factors that are
affecting the software development such as complexity, schedule, cost, etc. In
addition to that ISO/IEC 12207 can act as an inventory of processes, which
give different perspectives to specific parts of the software life cycle process.
These processes are categorized as organizational processes (i.e. management,
infrastructure, improvement, training), supporting processes (i.e. documenta-
tion, configuration management, quality assurance, verification, validation, joint
review, audit, problem resolution), and primary processes (i.e. acquisition, sup-
ply, development, operation, maintenance) [5].

ISO/IEC 12207 is a guideline based on a set of process descriptions for pro-
viding a base for adopting a role, which defines a set of constraints for selecting
process, activities or tasks that are required for software development. The stan-
dard proposes a set of views that can be used to label the processes connected
to a role. To this end, it offers five different viewpoints as follows: (i) contract,
(ii) engineering, (iii) operating, (iv) quality management, and (v) management
views [4]. Firstly, there is a contract view that includes an acquisition process
(i.e. for the acquirer) and supply process (i.e. for the supplier). Secondly, there
is an engineering view which has a development process for product develop-
ment and a maintenance process for upkeeping the software. Thirdly, the oper-
ating view with the operation process that provides a guideline for operating
the software. Fourthly, a quality management view that has six processes; (i)
joint review, audit, verification, validation, quality, and problem resolution pro-
cesses [4]. ISO/IEC 12207 Software Lifecycle processes can be maintained by
7 main phases by any organization which have capability to support the stan-
dard’s views and ability to handle software engineering requirements. These main
phases are; (i) requirements analysis, (ii) specification, (iii) design, (iv) coding,
(v) verification & validation, (vi) installation, (vii) maintenance & support [6].

Despite the fact that ISO/IEC 12207 is a well-structured and detailed tech-
nical text on a complex subject, many professionals find it difficult to gain sub-
stantial information regarding to the standard. Games are found to be effective
learning tools especially for teaching complex subjects. In particular, serious
games are a kind of interactive computer application (i.e. computer simulations
of real-life situations or processes) designed for educational purposes. As a seri-
ous game is designed to include an educational aspect [7], the learners can be
challenged with possible scenarios that may found similar to a real-world prob-
lem. However, a well-designed serious game should include game playing and a
set of serious aspects (e.g. teaching, learning, communication, information, etc.)
where such combination should be based on an utilitarian goals [8]. In fact, this
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scenario should be aligned with gaming objectives that implements the dramatic
elements of a game such as story, sound, rules, graphics, etc.

In light of this remarks, the goal of the study is to investigate the possibilities
of a game that is designed for teaching the primary concepts of ISO/IEC 12207.
The rest of the paper is organized as follows. Section 2 presents the background
of the study. It details of the ISO/IEC 12207 standard and the notion of serious
games. Section 3 includes a discussion about the customization of the standard.
Further, it details the applications of serious games in software engineering. Next,
we discuss the tentative plans for an ideal game. Lastly, paper concludes with
conclusion and future work.

2 Background

2.1 ISO/IEC 12207

Similar to the definition of ISO/IEC 12207, definition a software life cycle starts
with a requirement analysis based on a need and eventually the life cycle ends
with the retirement of a product [9]. The standard has an architecture, which
is built by set of interrelated processes, which are consequent to modularity
and responsibility. While defining modularity under the conceptualization of the
standard is about being unique with every processes and availability of being
capable enough to handle all types of projects. The processes that are designed
for the standard have a modular structure. From the practical point of view, the
modules have the maximum cohesion and minimum coupling where each process
supports unique functionalities as possible [5]. To clarify every part which is
associated with the life cycle has specific and well defined responsibility to take
care. However, from a traditional point of view, the modules of a life cycle should
be studied distinctively.

To understand the basics of the standard, the definition of organization and
party should also be elaborated. The terms organization and part are required to
highlight different viewpoints that can be acquired using the standard. The term
organization defines a group of persons (or authorities) with a set of responsi-
bilities who are organized for a particular objective. However, the party defines
an organization that enters into a contract, which can be either from an organi-
zation or more. The name that is given to a part is usually correlates with the
name of the process it performs (e.g. an acquirer is involved with the acquisition
process). There are several roles, which can be directly related with the process
names from the standard such as acquirer, supplier, implementer, maintainer,
and operator, etc [6].

The ISO/IEC 12207 processes can be organized into three main cate-
gories: primary processes; supporting processes; and organizational processes
(see Figure 1).

Primary processes described by the standard are (i) acquisition, (ii) supply
processes, (iii) development processes, (iv) operation processes, and (v) mainte-
nance processes. The goal of a supporting process is to support other processes
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Fig. 1. The Life Cycle Processes of ISO/IEC 12207 [5]

while fulfilling a function. The supporting processes are identified as (i) documen-
tation processes, (ii) configuration management processes, (iii) quality assurance
processes, (iv) joint review processes, (v) audit processes, (vi) verification pro-
cesses, (vii) validation processes, and (viii) problem resolution processes. The
organization processes are employed by an organization to manage, control and
improve the life cycle processes.

There are seven process groups that are defined by ISO/IEC 12207 which
can be accomplished during the life cycle of a software system. Each of the life
cycle processes within those groups can be defined with respect to its goals and
expected outcomes. Figure 2 shows the activities and tasks that should be carry
out to accomplish these outcomes [6].

(a) Agreement Processes (two processes) (subclauses 5.2.2.1.1 and 6.1)
(b) Organizational Project-Enabling Processes (five processes) (subclauses

5.2.2.1.2 and 6.2)
(c) Project Processes (seven processes) (subclauses 5.2.2.1.3 and 6.3)
(d) Technical Processes (eleven processes) (subclauses 5.2.2.1.4 and 6.4)
(e) Software Implementation Processes (seven processes) (subclauses

5.2.2.2.1and 7.1)
(f) Software Support Processes (eight processes) (subclauses 5.2.2.2.2 and 7.2)
(g) Software Reuse Processes (three processes) (subclauses 5.2.2.2.3 and 7.3).

Basically, the design of ISO/IEC 12207 software life cycle process was consti-
tuted with a set of complementary components [6]. For instance, each process has
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Fig. 2. Life Cycle Process Groups [6]

its own activities that cover cohesive tasks where tasks have necessary actions [5].
A task takes several type of inputs (e.g. data, information) and generate outputs
(e.g. data, information). A set of verbs such as will (for declaration of purpose),
shall (for binding provision), should (for recommendation) is used to express
requirements, recommendations or acceptable actions.

The standard utilizes the fundamentals of quality management techniques
which are the integral and indispensable parts of the total life cycle. Therefore,
each process is a basic implementation of plan-do-check-act (PDCA) cycle. To
implement ISO/IEC 12207 properly, it is important to know that each process
and individuals who are in charge of related processes must be aware of their
particular roles and responsibilities in all processes. Based on the assigned roles,
evaluations of particular tasks have to be carried out properly within the software
development organization [10].

ISO/IEC 12207 requires outputs and these outputs have to be documented,
but there is no specific or predefined format for any types of output to be docu-
mented. The organization can use their documentation methods also get benefit
from standards. In addition to documentation base-lining is important issue.
The standard requires the baselines of software related tasks and activities such
as software requirements, software design, and coding. Baselining is a process in
which quality and effectiveness of a method assessed by comparing before and
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after a change. The idea of baselining can be considered as an effective method
to mitigate risks that establish certainty in milestones, to control costs and dead-
lines by prohibiting unnecessary (i.e. unplanned or open) changes in all parts of
the software development life cycle [5]. In particular, baselining can happen while
joint review (or an audit process) so as to clarify and acquirer-supplier under-
standings. However, it is not necessary for projects to perform baselining, which
is the responsibility of the Development Process. It is not related with Configu-
ration Management Process and it is not a must. Consequently, ISO/IEC 12207
covers the total software development life cycle and it is relatively a complex
process especially when it is based on a viewpoint of variety of stakeholders who
are working together in the same software development project.

However, the standard should be examined in the context of organizational
objectives where the requirements of a project may hinder a solid interpretation.
To avoid improper usage of the standard, these prerequisites below shall be
met [5]:

(a) The requirement of qualified personnel;
(b) The requirement of understanding the organization’s policies;
(c) Experience with the project’s environment;
(d) Develop an understanding of the standard.

2.2 Customization of ISO/IEC 12207

Although ISO/IEC 12207 software lifecycle standard shows a set of agreements
of experts on some procedures for software development, there is no one-size-fits-
all type of selection and tailoring of processes. However, the responsibilities of
both acquirer and supplier are considerably important in the tailoring process.
According to the acquisition process defined by ISO/IEC 12207, “success of
the supplier depends largely on explicit definition of the acquirer’s expectations,
in terms of system requirements and with respect to the software development
process” [11].

There is a common point of view to the quality of any software product largely
depends on the quality of the software development process [12]. In fact, all
successful companies in any size should follow well-defined activities and tasks.
Another factor that increase the success of further development and reduce the
current project’s problems is receiving adequate feedback from both user and
prior projects. To accomplish these factors and to improve the development
process, companies should invest on software process improvement activities,
however a number of companies still rely on the success of the employment
of ad-hoc processes, which relies on individual’s skills. Such processes are very
difficult to reuse. In addition, they may have an adverse effect on the quality,
maintainability, cost of a product [11]. Moreover, too many reasons can be stated
for a failure of process because of the absence of enough knowledge, lack of
customer feedback and market related problems.

To overcome risks, problems, and inadequate development process and to
improve the quality, there is a strong need to follow some standardized methods.
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Due to these reasons ISO/IEC 12207 is one of the recent and valid to use stan-
dard that includes the steps that should be followed by contractors. Tailoring
process shows itself here more clearly at the acquisition process and acquirer
has a chance to tailor ISO/IEC 12207. This process is totally good for providing
guidance for quality related activities by mitigating risks and ultimately crucial
to project success. Under tailoring circumstances such as novelty, size, budget,
risks, technology, time etc. shall be inspected.

3 Concept of Serious Games and Examples

A serious game is an interactive approach, which is designed for a purpose other
than pure entertainment [13]. A goal of a serious game is usually improving an
educational aspect where participants certainly attend such activities with such
an expectation. These interactive application are widely preferred in training and
education for medical and military personnel. Recently, serious games become
more popular and therefore they are now found in any size, complexity and
platform similar to casual games. The education aspects of these interactive
applications are heavily depend on the notion of play which is an important
factor for individuals development and learning [7].

In addition, serious games are kind of simulations of real-world events or pro-
cesses that are addressed to comprise particular problems. Therefore, they can be
considered as serious activities such as exploring, training or advertising. How-
ever, they still can be entertaining, if their main purpose covers game elements
well. Substantially, games have many attributes which have been seen in the case
of different examples. For instance, serious games allow user to experience differ-
ent learning tasks by using the elements of fun. Another example of attributes is
stating how actions affect the context. Players can create artifacts or complete
tasks within in the orders of a serious game serves and without the effects of real
world problems and stress. This can be interpreted to resembling sand box type
games. Moreover, serious games allow users have an active participation while
accomplishing the main goal. In fact, games are powerful tools, because they
have the ability to change human behavior [14]. Furthermore, games can help
users with repetitive actions while learning certain subjects. Because particular
tasks and clearly stated objectives of serious games make player easier to follow
certain pathways and play their role for a set of planned behaviors. Such planned
behaviors can be easily linked to the learning process where gaming may assist
and ultimately create a user-oriented learning experience.

There are numerous works which are related about serious games and appli-
cations. However in the literature there are only several serious games which
are related to software project management. These are; Problems and Program-
mers [15], SIMSOFT [16], SimSE [17], SESAM [18], DELIVER [19], ProDec [20].

Problems and Programmers [15], is an educational (serious) card game, which
simulates several software engineering processes. It is designed as a teaching tool
to improve the students’ understanding of the software processes. The goal is
to teach software processes and issues that are encountered in software devel-
opment, which may not sufficiently highlighted by software engineering lectures
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and projects. Among computer based digital variants of serious games, Problems
and Programmers is created as a non-digital card game where two or more player
are trying to finish a software project. By using the benefits of card games, the
game state and action of the players are always visible. The game is designed
as a competitive game where participants may have a chance to learn from each
other [21]. These attributes strengthen the main goal of the game and reveal
the games powerful sides such as (i) covering proper use of software engineering
techniques, (ii) providing clear and instant feedback of players choices and deci-
sions towards phases, and (iii) encouraging interactions among different players
and evaluating their perspectives. According to Baker, “Because different play-
ers follow different strategies, more than one strategy is exposed per game. This
allows players to not only evaluate their own strategy but to also discuss and
compare strategies followed by others. As a result, players learn from each other,
which enhances the educational value of Problems and Programmers” [21].

SimSE [17] is a single player serious game that is design to software engineer-
ing in an interactive (graphical) environment. The participants take on the role
of a project manager who is responsible from a team of software developers. The
game allows players to manage the software engineering process by recruiting
engineers, assign them to a set of tasks, monitor their progress and ultimately
gain (virtual) experience on managing a software development project. A sig-
nificant reason for creating educational software engineering applications is that
during the courses, computer science and engineering students from are only
exposed to the theoretical concepts of software engineering. There is no suffi-
cient or relatively sufficient project which converts lectures into practices. Sim-
SEs main goal is fulfilling this absence by providing 2D graphical virtual office
where software engineering processes take place. This office scene includes many
office staff such as computers, desks, employees, and artifacts. These approaches
clarify the players’ actions with the support of selection of the available moves
and steps the player will proceed. Perhaps the most important feature of SimSE
(among other variants) is that it has a model builder which allows user to create
employees, artifacts, tools, projects, and customers without any need of pro-
gramming skills. Bu using such a modeler, SimSE supports customization of the
software processes based on real-world scenarios about software projects.

Project Decision (ProDec) is a simulation-based serious game created with
the intention to train and assess students in software project management [20].
The main objective is to take advantage of the engaging nature of games to place
the learners in a virtual organization where they can manage software projects
and solve real-life problems in a risk-free environment [20]. The main goal of
the game is to remain aware of planning, controlling, and managing a software
project. The game is over to the extent permitted by the amount of budget the
players have and allocated time for the project. While gameplay players need to
plan to deal with obstacles which are created by unplanned events. ProDec is
intended to be a collaborative game, that is, it is a game to be played by teams
of players [20]. This means that the group of players works collaboratively to win
the game not to compete among them [20]. After any game play, ProDec offers a
complete report including the logs representing every decision the players made
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and the result of applying the assessment criteria provided by the trainer at the
beginning of the game play [20].

Simsoft [16] is a kind of serious game which consists of two game boards, a
printed board and a digital board. A printed board is used to gather participants
to discuss the actual state of the game project and decide their strategies. The
staff is represented by plastic counters while game chips as virtual money, which
is used for resources such as project budget. The players make a set of meaningful
decisions and spend their resources during the game. In addition to a printed
board there is a digital game board which shows several game stats, player’s
history and reports. The goal is to complete a small software development project
in a given set of time frame. The participants are grouped into small set of teams
to manage the software development from start-up to final delivery [16]. The
players have the opportunity to observe the difficulties of resource management
where the skills of the hired personnel affects the outputs of a software project.

In addition, SESAM is a natural language based serious game which moti-
vates players for learning software project management techniques. SESAM’s
environment consists of natural language interface, records about program and
statistics about project. Lastly, DELIVER is another type of serious game which
consists of a printed board. It helps students to develop controlling projects
performances. Its main ambition is totally motivate students in their learning
progression.

Defining a solution of improving the managerial skills in software project
practitioners by using a game environment may somehow lead disagreement.
Some researchers may claim that the concepts of software engineering could be
hard to be thought by using a game system. However, Gee [22] suggest that “good
video games incorporate good learning principles, principles supported by current
research in cognitive science.” In fact, a game may encourage the process of deep
learning [23] in which participants may improve their thinking skills about a
complex situation by becoming successful in a serious game. In other words, if
a cycle of learning has a chance to improve itself in a more enjoyable way, the
interaction process become easier to everyone. In particular, a goal of a serious
game is to make people think that they can shorten their learning time in a
complex topic by putting some effort into improving their skills in a video game.

4 Discussion on Planning the Ideal Game

Typical software engineering methods and principles are not quite easy to learn
and implement because of the lack of motivation and absence of fine learning
period in lectures. In addition to this, technical developments and evolving indus-
try demands change rapidly and there is a need for learning broader concepts
about software engineering and management tasks, rather than simply getting
general knowledge that was given in every introductory level software engineer-
ing course. The problem is not simple as being only hard-to-learn. The main
point is being unable to make easier to understandable for everyone either man-
agerial or technical levels of software engineering topics in the market. Due to
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this no consistency of an adequate education there are too many projects have
been struggling to go further.

Undoubtedly, getting the big picture of today’s current circumstances and
state of the software engineering and project management are difficult, but obvi-
ous thing is the failures and problems are becoming more visible for everyone to
recognize. To reduce failures and problems there are crucial jobs which are wait-
ing for project managers to accomplish. Because project management skills are
the key factors which have potential to overcome risks in development environ-
ment, and this skills may lead the way of engineers, developers and even students
who are the future responsible of life cycle of software. However, current view of
project life cycles in any kind of software development implies that managerial
skills need more practical experience to become mature enough to produce more
stable projects with less risks and problems.

From the student side, this problem can be restated with similar reasons.
Although being the future engineers and managers there are too many inconsis-
tencies between market and syllabuses. In fact, software development organiza-
tion desires to see better skills from university graduates while there is a lack
of software engineering skills taught at university level [24]. Apparently, many
software engineering concepts are given to students in a more theoretical sense.
In contrast, this should be more practical with supporting projects which resem-
ble to real life scenarios. Even they come together there is a need for in depth
procedure to follow. Navarro et al. [24] states that “In particular, lectures allow
only passive learning, and the size and scope of class projects are too constrained
by the academic setting to exhibit many of the fundamental characteristics of
real-world software engineering processes [24]”.

To deal with these problems one possible and feasible way is using serious
games which is suitable for specific concept. Serious games are designed to teach
especially educate players about desired topics in a well-defined environment [7].

To define the learning process in a clear sense, it can be repeated in any
time without practicality, because in theoretical approach information is static
not dynamic so there should be actions in several ways to change it to dynamic
which helps to resolve the problem. No matter what the type is every game should
clearly define some attributes while game play even before. This is more decisive
when the serious gaming concept is under concern, because every player who is
playing a serious game he/she ought to be conscious about what will he/she do,
accomplish and learn. Desired commitment to the learning journey requires well
defined and planned program. For instance without clearly defined characters or
personalities in the game it is difficult to expect anyone to commit himself to a
specific progress. Moreover the new virtual environment serves players living and
acting with their commitment and this is the evident for most games success in
any theme and ambition. In a software project development environment with
a serious game it is necessary clarify exactly what are the characters, who are
they, and what are the capabilities that they have. This clear sense is the primary
factor for a player to commit himself in such an environment at first.

There is a degree of uncertainty around the terminology in being interactive
with games. This shows a need to be explicit about exactly what is meant by
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the word interactive. Furthermore, this is more difficult for anyone at first to
estimate the literal meaning of being interactive in the concept of serious game
for ISO/IEC 12207. Being interactive comes from interaction so any kind of game
have to provide a dialogue to player. In fact if there is no such an interaction, how
do players accomplish task? The instant feedback and continuous active reactions
are the wanted factors to define the term being interactive. Undoubtedly, it is
believed that every subject of in any science must be readable. This is the case
over years and every person accomplishes many lectures and passes their exams
via reading the related resources. Text and textbooks have to be in daily life,
but in wider concepts such as engineering and medicine conceptualization needs
to contain more practical program. To sustain ISO/IEC 12207 in a serious game
environment the ambition of being interactive is possible with dynamic reactions
between players and the game rather than text based learning.

There is an increasing desire about sandbox type games recently and this
is another factor how a game should be. In games, sandboxes are safe environ-
ments where everyone can improve or destruct everything they create before
without any stressful decision which is about the things can go wrong because
it is isolated from outside world and therefore the effects of outside world can
be minimized. This is an important factor for project managers to train soft-
ware practitioners with respect to various bad experiences. Serious games have a
potential to enhance this practice, because while playing a game usually players
create different virtual careers based on their own interests and selections. They
modify the ongoing progress according to their point of view to the concept, so
any practitioner could be trained in a game setting, where they can learn from
virtual situations where they make meaningful choices without experiencing neg-
ative outcomes.

5 Conclusions

This preliminary study investigates the need of a serious game from an indus-
trial perspective. Initial results from the semi-structured interviews suggest that
a serious game can improve the ability of learners of ISO/IEC 12207 standard.
All five interviewees (n=5) agree that an interactive learning approach should
make it easier to teach the standard. Moreover, there is a consensus among the
participants that such an approach will provide a better understanding of the
documented concepts. One interviewee recommends that a serious game should
be in a simulated office environment (by creating a set of situations) in which
several complex concepts can be explained in an iterative way. One other rec-
ommends that a usability study should have to be conducted to address user
perceptions of such an approach. In addition, she suggested that the potential
for learning and engagement should somehow be measured. However, a major
limitation of this study is the limited number of experts, therefore, caution must
be applied. To evaluate the benefits of the proposed serious game, more research
should be conducted on the functionality of the production process and ulti-
mately with the end-product.



228 U. Aydan et al.

References

1. Tsui, F.F.: Essentials of software engineering. Jones & Bartlett Publishers (2014)
2. Futrell, R.T., Shafer, L.I., Shafer, D.F.: Quality software project management.

Prentice Hall PTR (2001)
3. Yilmaz, M.: A software process engineering approach to understanding software

productivity and team personality characteristics: an empirical investigation. PhD
thesis, Dublin City University (2013)

4. Jones, A.: Iso 12207 software life cycle processes fit for purpose? Software Quality
Journal 5, 243–253 (1996)

5. Singh, R.: International standard iso/iec 12207 software life cycle processes. Soft-
ware Process Improvement and Practice 2, 35–50 (1996)

6. ISO/IEC: Amendment to ISO/IEC 12207–2008 - Systems and software engineering
Software life cycle processes (2008)

7. Abt, C.: Serious games. University Press of Amer (1987)
8. Alvarez, J., Djaouti, D.: Introduction au serious game. Questions théoriques (2010)
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Abstract. In this industrial paper, an implementation of a software development 
process is presented that takes into account the ideas of the agile SCRUM ap-
proach as well as the SPICE requirements. With the help of a traceability matrix 
the process activities are related to the SCRUM and the SPICE practices, firstly 
to check if all SPICE base practices were considered in the process design and 
secondly in an approach for relating SCRUM activities to SPICE practices. 

Keywords: SPICE · SCRUM · Traceability matrix · Process activities 

1 Introduction 

Softing is a privately owned business company with head quarter in Haar close to 
Munich in Germany. The main business areas are Automotive Electronics (AE) and 
Industrial Automation (IA) with the AE division specialized on applications for    
Automotive Diagnostics. For more than 5 years now, the development process in the 
AE division is based on Automotive SPICE, the automotive industry refinement of 
the SPICE framework. The process was verified successfully in several SPICE     
assessments by German automotive OEMs.  

In the IA division, the standard process for product developments apart from the V 
model also takes into account the SCRUM framework. As experiences with SCRUM have 
been very promising here, and the project team members appreciate much more transpa-
rency, clarity and improved communication, while on the other hand the AE standard 
process is somewhat overloaded and not as flexible as desired, the idea came naturally to 
combine both worlds (SCRUM and SPICE) in the AE  development process. 

In this paper, first the roles, phases and activities used in the process are outlined. 
Second, the method for implementing the process in a first pilot project and for    
training the team members is described, and last, a method for evaluating the process 
with respect to the requirements of the SPICE and SCRUM activities is presented. 

2 Process Implementation 

With respect to the general process design, the idea was to take over as much as   
possible from the working process implementation in the IA division and to extend 
the process with respect to the SPICE requirements which come specifically into play 
from the Engineering Process Group and the SUP.1 Quality Assurance process. 
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On the other hand, a substantial part of the SPICE requirements on MAN.3 Project 
Management were already considered in the process due to the fact that SCRUM 
includes a good deal of the SPICE requirements on MAN.3. 

To become more acquainted with the ideas of SCRUM, the team members of a 
pre-selected pilot project were trained externally by a SCRUM expert company, while 
the author and the head of the AE development department attended a seminar on 
ideas to combine SPICE and AGILE at KMG1 [1]. 

2.1 Roles 

Core of the role definition are the standard roles used in the SCRUM process, e.g. the 
roles of the SCRUM Master, Product Owner and the (project) Team. The roles of the 
Product Manager / Project Leader in product developments / customer projects,    
respectively, were taken over from the already existing AE standard process.  

As recommended by KMG and as a necessity to account for the independence of 
the quality assurance, the new role of the “Quality Product Owner” (QPO) as a     
project-external quality assurance role was introduced. In the former AE standard 
process, quality assurance (QA) was divided among the roles of a Quality Internal 
(QAi) and a Quality External (QAe) responsible. Here, the QAi as a project team 
member is in charge of basic quality control activities like document reviews, code 
and test inspections, etc., while the QAe monitors the execution and quality of the 
activities, the completeness of documents and the general quality of the project. 
 

The role definition is summarized in the table below. 

Table 1. Roles used in the revised development process. 

Role Use in the AE development process 
Product Owner 
(PO) 

Organizational interface between PM / PL and the development 
teams.  

Product Manager 
(PM) / Project 
Leader (PL) 

PM / PL is the organizational interface to the customer in product 
developments / customer projects with respect to commercial topics 
and features to be implemented 

Scrum Master 
(SM) 

Responsible for the implementation of the SCRUM process in the 
project, moderator and coach of the team, removes impediments 
and makes sure that the team can work effectively.  

Team (T) The team takes also project management tasks (e.g. distribution of 
work tasks, organization, general decisions).  

Scrum Team Product Owner, Team and Scrum Master have a common interest in 
the project success, they constitute a team together in this sense. 

Quality Product 
Owner (QPO) 

Not a core part of SCRUM, was introduced to satisfy the SPICE 
requirements with respect to organizational independence of QA.  

System Architect 
(SYA) 

Responsible for the definition and maintenance of the system, inter-
face and component architecture in the main product lines. 

                                                           
1 KMG: KUGLER MAAG CIE GmbH, Leibnizstr. 11, 70806 Kornwestheim, Germany 
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2.2 Process  

The process was defined in the BPMN notation (Business Process Modelling Nota-
tion).  This method for process definition is the standard in the QM system of the 
company. The activities are mapped to roles that are displayed as “swim lanes” and 
the output work products are shown as data objects.  

The process is broken down into 4 phases: 
 
1. Phase 1: Product / Project Definition 
2. Phase 2: Release Definition 
3. Phase 3: Implementation 
4. Phase 4: Delivery 

 

The most interesting part here is phase 3 - implementation - as it includes the basic 
ideas of the SCRUM model and covers the largest part of the engineering process 
activities (ENG process group according to SPICE). Therefore, phase 3 is described 
below in more detail, whereas the activities of the other phases 1, 2, and 4 are only 
briefly summarized. 

 
Phase 1: Product / Project Definition: in this initial phase, the requirements and the 
architecture for a new product or a product enhancement in product developments or 
customer projects are defined. 

 
Phase 2: Release Definition: in this phase, project execution is divided into releases 
and team building starts in a release kickoff. Note, that important strategic tasks that 
are required by SPICE (QA strategy, integration and test strategy, etc.) are already 
carried out in this phase. This was a request from the management to make sure that 
important strategic issues are taken into account early enough in the project. 

 
Phase 3: Implementation. Here, the development according to SCRUM is carried 
out in sprints. As an example, part of these activities is shown in BPMN notation in 
Fig. 1. A sprint starts with a planning meeting and terminates with the sprint retros-
pective: 

 
1.  Sprint Planning Meeting (PO, Team, SM, System Architect) 
2.  Daily SCRUM Meeting (daily standup, Team and SM) 
3.  Continuous processing of all tasks (daily work of task by the team members)    
4.   Sprint Review Meeting (Team, SM, PO, QPO, System Architect, optional PM 

/ PL) 
5.  Sprint Retrospective (Team, SM, optional QPO and PO) 
6.  External QA Tasks (QPO) 
7.  Reporting and Escalation (QPO) 
8.   Information Exchange PO - PM      

 
Most of the SPICE practices for the engineering processes are considered in activi-

ty 3 (Continuous processing of all tasks). Here, the necessary work is described as 
tasks in more detail. Activity 3 is broken down further into the following tasks:   
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1. Update of Integration and Test Strategy 
2. Creation / Update of Test Specifications 
3. Component Design 
4. Software Coding 
5. Software Test 
6. Reviews 
7. User and additional Documentation 
8. Configuration Management 
9. Internal Quality Assurance 
10. Problem and Change Management 

 

            
Fig. 1. Part of phase 3 in the development process: Implementation phase. The roles involved 
are, from top to bottom: PL/PM, PO, SM, Team, QPO, SYA, see section 2.1. 

Phase 4: Delivery. After the last sprint for a release, the product is delivered by PO to 
PM/PL and to the external customer. 

3 Training and Continuous Improvement 

After the completion of the process design, a pilot project was defined and the process 
was presented to the team in a common work shop. Open issues with respect to the 
process realization were recorded in an open issue list and tracked continuously. The 
project was then started with a formal kick off. During the first sprint, all activities for 
the current week were prepared and discussed in a weekly regular meeting with the 
PO and the SM who then instructed the team members accordingly.  After the first 
sprint, this weekly regular meeting was continued to address the continuous im-
provement, especially with respect to the process and the team performance. 

The main sources for potential improvement were found to be the sprint review 
and the retrospective at the end of the sprints. As an example it was the observed that 
in the first sprint no business requirement could be completed by the team because 
miscellaneous unplanned activities like e.g. tool setups, configuration activities, in-
stallation procedures, etc., had to be carried out. Consequently, the process was mod-
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ified in a way that for a new product development an “initial sprint” is carried out 
with a set of standard user stories addressing these preparatory activities. 

4 SPICE and SCRUM Coverage 

The process coverage with respect to the SPICE and SCRUM practices may be 
checked with a traceability matrix, see the examples in Tables 2 and 3 for ENG.8 and 
ENG.4. In the 3rd column, Px.y(.z) denotes phase x, activity y, (task z in phase 3), see 
section 2.1. With respect to ENG.8 (see Table 2), the SCRUM activities in phase 3 
cover a large fraction of the SPICE practices. On the other hand, the coverage of the 
SCRUM activities with respect to ENG.4 (Table 3) is a little lower than for ENG.8. 
This is probably mainly an artefact of the specific process design as the ENG.4 activi-
ties are distributed on the various process phases (see column 3 in the tables below). 

Table 2. SPICE / SCRUM traceability matrix for ENG.8 – Software Testing. 

 

Table 3. SPICE / SCRUM traceability matrix for ENG.4 – Software Requirements Analysis. 
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For the analyzed processes, the score for the coverage of the SPICE practices by 
the SCRUM activities was the lowest in the SUP.1 Quality Assurance process2. 

5 Conclusions 

An implementation of a development process that includes both the requirements of 
SCRUM and SPICE shows first promising results in a pilot project: requirements 
became clearer and more transparent, team communication, interaction and spirit 
were improved and the project goals were better understood by the team.    

The coverage of the SPICE practices by the SCRUM activities was found to be rel-
atively large in all practices that require communication, evaluation or review by the 
stakeholders (see examples ENG.4.BP5, ENG.4.BP9, ENG.8.BP4, ENG.8.BP6 as 
shown in chapter 4).  Most of the work required by the engineering group (ENG) 
processes is however actually carried out as project specific tasks in the sprints by the 
team. These tasks are based on the business requirements in the project and are    
discussed in the daily standup meetings. Strategic topics as e.g. the definition of the 
quality assurance or test strategy are prepared quite early in the process before the 
sprint cycles start and are then completed in the sprint tasks.  

In future projects (see chapter 3) an initial sprint will be carried out in which most-
ly installation, configuration and setup tasks are performed.  

A lessons-learnt workshop in which the experiences in the pilot project are dis-
cussed in detail will be carried out shortly. 

Reference 

1. Agile in Automotive, Pocket Guide SCRUM & KANBAN, Kugler Maag CIE GmbH,  
Leibnizstr. 11, 70806 Kornwestheim, ISBN 978-3-945547-07-6 

                                                           
2 The corresponding traceability matrix for SUP.1 may be obtained from the author. 
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Abstract. This paper describes an approach to support the tailoring of process 
models in response to Customer-requirements in software development. The  
approach consist of a conceptual infrastructure made up of three layers that 
represent: a) the process characteristics extracted from the ISO/IEC 29110 inter-
national standard, b) the tailoring of the standard processes made at the corporate 
level, and c) an additional tailoring made in response to client or project-specific 
requirements. The tailoring extends and refines the process definitions at the 
previous levels by incorporating additional requirements and practices. Require-
ments are contextualized in process definitions by linking them to activities, 
tasks and work products. Software engineers have at their disposal a single point 
of access to all the process-related information they need to complete their work, 
avoiding the risk of missing relevant information when completing a particular 
task or working on a project deliverable. The resulting product is implemented 
on top of the Semantic Wiki content management platform. 

Keywords: ISO/IEC 29110 · Software Process Tailoring · Process requirements · 
Semantic Wiki · SPEM 

1 Introduction 

ISO/IEC 29110 “Software engineering -- Lifecycle profiles for Very Small Entities 
(VSEs)” [1] provides organizations with a prescriptive process model adapted to the 
needs of VSEs (Very Small Entities), defined as companies with less than twenty five 
employees. The Basic profile establishes two processes - Project Management (PM) 
and Software Implementation (SI) -, with their activities, tasks, inputs and outputs and 
roles. With this standard, VSEs have at their disposal guidelines on how to develop 
software and a reference to conduct improvement activities.  The importance of 
ISO/IEC 29110 has been widely discussed in the professional literature [2] [3]. These 
companies do not have at their disposal the resources needed to deploy more complex 
improvement models like CMMI or SPICE. This makes difficult to demonstrate their 
capability to develop reliable software following standard life cycle processes and 
industrial best practices. For large companies subcontracting software development 
activities to SMEs, the lack of models tailored to SMEs characteristics makes also 
difficult to plan and conduct assessments to assess their capabilities as subcontractors. 
ISO/IEC 29100 applicablity also extends to system engineering activities [4] [5]. 
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It is expected that companies adopting the ISO/IEC 29110 processes model will 
make some kind of adaptation or tailoring on the standard. As an example, the process 
model can be applied to different life cycles (waterfall, incremental, etc.), or adapted 
to agile practices. In other cases, it may be necessary to give a more precise meaning 
to some of the activities and work products described in the standard. For example, 
internal or external reporting, or the use of software engineering tools may require 
further explanations and details, as companies may follow different practices, tools, 
templates or techniques to execute the same task.  

At this stage, the process definitions available in the standard need some kind of 
adaptation or tailoring to the corporate practices. This tailoring shall be applicable to 
all the projects completed by the organization. The main advantage of doing this 
tailoring on the process model defined in a standard like ISO/IEC 29110, is the fact 
that the company ensures the harmonization across projects and, at the same time, the 
fulfillment of the international standard requirements.  

Tailoring needs may require an additional step in response to customer 
requirements. In some situations, project teams need to:  

• include additional tasks, activities and work products to those defined in the 
standard and corporate gruidelines, or  

• review and adapt the corporate procedures to accomodate customer 
requirements that affect either managerial or engineering activities and work 
products.  

These customer requirements introduce an additional level of complexity in the 
process model tailored at the corporate level, and require an additional level of 
adaptation. As an example, a standard or the corporate methodology may request the 
regular reporting of the project status to the project’s stakeholders; this general tasks 
may be affected by particular, customer requirements, that impose constraints on the 
frequency of the activity, the format and layout to use, or the data that need to be 
provided in the reports.   

Software engineers and project managers not only need to know the corporate, 
organizational guidelines. They also need to pay significant attention to their 
customer‘s requirements. This paper describes the implementation of a tool that offers 
a single point of access to software processes‘ descriptions tailored to corporate 
guidelines and to customer or project-specific requirements. The tool is built on top of 
the SemanticWiki content management tool, and makes use of the SPEM (Software 
Process Engineering Metamodel) modeling language to represent the processes.  

2 Process Model Tailoring and Customization 

A three-layered approach for software process modeling is proposed. The first, layer 
consist of the processes (including tasks and work products) defined in the ISO/IEC 
29110 standard. In particular, the Basic profile, that corresponds to companies that 
develop non-critical software -, has been taken as a reference. The second layer 
represents the tailoring or adaptation made by the company when adopting the 
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international standard. This second layer provides the guidelines to be applied for all 
the projects completed by the company, and defines corporate policies and work 
procedures. The third and final layer represents the adaptation or tailoring of the 
corporate processes to the specific requirements imposed by the customer or the 
stakeholders for particular projects. 

As stated, ISO/IEC 29110 sits at the core of the proposed framework. This 
standard provides the main elements in the model, that are further refined to establish 
the corporate processes and procedures. As ISO/IEC 29110 offers a mininum set of 
elements for just two processes (Project Management and Software Implementation), 
tailoring is expected to emphasize those tasks that add more value to the corporate 
business and incorporate additional practices, tools and methods [6]. The second layer 
of the tailoring gives the organization a common set of guidelines on how to develop 
projects, ensures harmonization and a common understanding of the processes across 
the different teams, staff and projects completed at different periods. 

This adaptation of the processes defined in ISO/IEC 29110 may be directly enacted 
in projects whose customers or stakeholders do not ask for additional process-related 
requirements. In other cases, the customer may impose additional management or 
engineering requirements that make necessary to further adapt the corporate processes, 
moving to a third layer of tailoring. In general, project specific requirements may ask 
for additional tasks and work products, or impose constraints on existing work 
products or tasks already defined at the corporate processes. Particular requirements 
may refer to the use of a particular templace, to the need of adding some information to 
an existing work product, or completing an activity under some parameters to ensure 
completeness, efficiency or effectiveness.  

This tailoring of the company corporate processes in response to Client 
requirements and project characteristics may be understood as a sign of maturity, as 
they demonstrate the capability of the company to adapt their corporate processes to 
fulfill the particular needs of different types of projects [7]. 

3 Implementation of the Tailored Process Model 

The most important objective of the proposed research is giving staff involved in 
software development a single point of access to all the requirements and constraints 
they need to know when planning, executing or evaluating the status of a particular 
tasks or work product. Applicable requirements may be spread across multiple 
specifications and documents, what makes necessary to facilitate engineers a unique 
location where they can easily find the requirements impacting a particular activity or 
work product. In the proposed implementation, this place consist of a web-site built 
on top of the SemanticWiki platform that contains a „process description“ with links 
to all the process requirements and constraints. With this information, it is possible to 
gve answer to questions similar to the following ones: 

• Which content is expected for a particular document or deliverable? 
• Is there any requirement on how to conduct particular activities (e.g. reporting, unit 

testing, etc.)? 
• Which is the format and delivery method for distributing the software and related 

documentation? 
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• Which are the expected diagrams that need to be included in the design 
documentation?  

• Which coding standards need to be enforced? 

To demonstrate the feasibility of the proposed approach, a practical implementation 
has been completed with data provided by a real company. The implementation 
resulted in a „tailored process model“ built as a Semantic Wiki site. In the practical 
experience described in this paper, Semantic Wiki has demonstrated its capability to 
support the generation and dynamic publication of a complex set of interrelated pages 
indexed with controlled terms. The capability of tagging the different types of 
relationships or links between pages representing different types of data is another of 
the advantages offered by the tool.  

The site with the process model has been built folllowing these steps: 

─ A visual representation of the ISO/IEC 29100 PM and SI processes (as defined in 
the Basic profile of the standard) has been elaborated using the SPEM modeling 
notation. The resulting diagrams and the description of the processes, roles and 
work products extracted from the standard were uploaded into the Semantic Wiki 
site. 

─ Task and work products defined in ISO/IEC 29110 were tailored to the corporate 
needs of a company using the SPEM extension and customisation capabilities. 
Updated content was also uploaded into the Semantic Wiki site, and links were 
created between the content extracted from the standard (first or core layer) and the 
content obtained as a result of the corporate tailoring (second layer).  
Individual base practices from the corporate procedures were uploaded as separate 
units and tagged with the names of the activities, tasks and work products they 
impacted on. An additional tag was used to indicate the level of tailoring 
(corporate, that is to say, common to all the projects). 

─ Finally, a set of technical and management requirements extracted from two 
different specifications provided by one client were extracted and stored as 
independent units in the Semantic Wiki site.  
These requirements were tagged with the names of the task(s) - or activities - and 
work product(s) on which they had an impact. For these project-specific 
requirements, new tags were used to indicate that they belonged to the third layer 
(project-specific requirements) and to indicate the project where they were 
applicable and the specification document they were extracted from. 

The resulting web site combines the visual representation of the processes with 
their tailoring at two different levels: corporate and project specific. For example, the 
SI.6.6 task defined in ISO/IEC 29110, „Perform delivery according to Delivery 
Instructions“ was further refined through links to different requirerements from the 
corporate procedures or from project specifications. 
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3.1 The Role of SPEM in Process Modeling and Tailoring 

The synthesis of the different layers of tailoring of the software development process 
defined by ISO/IEC 29110 requires a sound conceptual framework. To develop this 
tailoring the SPEM modeling framework was selected. SPEM is a MOF-based 
metamodel and conceptual framework published by the Object Management Group 
(OMG) that provides concepts and notations to represent, exchange, publish and enact 
different types of processes (not only those related to software development). The 
scope of SPEM consist of “the minimal elements needed to define any process and 
accommodate a large range of development methods and processes of different styles, 
cultural backgrounds, levels of formalism, life cycle models and communities.”.  

3.2 The role of Semantic Wiki.  

Semantic Wiki is a content management platform that offers the functions available in 
traditional or standard Wiki sites, plus the capability of adding properties and metada-
ta to the pages and links in the wiki. These custom properties give the possibility of 
tagging the content of the items, making explicit their meaning or “semantics”.  

In Semantic Wiki, it is possible to use both categories (also available in standard 
wikis) with properties. There are separate, independent pages for each property, and 
all the pages for properties are grouped in a common namespace. Properties are not 
predefined, so it is possible to define and use different properties and metadata at each 
implementation. There are anyway initiatives to propose a common, general set of 
properties for tagging Semantic Wiki content: SWiVT, and it is also possible to estab-
lish equivalences between the custom properties and metadata defined in other sche-
mas like Dublin Core or FOAF. Although out of the scope of the present research, the 
ability to work with custom properties in Semantic Wiki opens a wide range of possi-
bilities to define and use vocabularies and ontologies defined for the software engi-
neering field.  Properties can be attached both to the textual content of pages and to 
the links between pages. This makes possible to establish equivalence between the 
Semantic Wiki and the RDF-based model based on triples made up of subject, predi-
cate and object. In Semantic Wiki, the subject shall correspond to the entity to which 
the page containing the link refers; the predicate shall correspond to the property, and 
the object to the page acting as the target of the link. The annotated links between 
pages in the Semantic Wiki are created using this syntax: 

[[propertyName::targetPage]] 

Using these properties it is possible to distinguish different types of links between 
the pages in the Wiki, what it is not possible in a conventional wiki. In the particular 
case of the process model description, different properties are used to differentiate the 
relationships between processes, activities, tasks, roles and work products. Besides 
tagging the links with custom properties, Semantic Wiki allows attaching properties 
in the textual content of the pages. These properties are added using the same syntax 
used for the links but adding their data type to avoid the Wiki engine interpreting 
them as links. 
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4 Conclusions 

Standards like ISO/IEC 29110 provides a process map and processes descriptions that 
are the basis for establishing more detailed work procedures at the corporate level. But 
in some cases, software development companies need to combine and further extend 
these process descriptions to cover additional requirements coming from their 
customers. The tasks and work products defined in the standards are affected by 
additional requirements that are usually spread through different specifications and 
documents provided by the Client as part of the tender conditions or the statement of 
work. Dealing with requirements coming from different sources implies a risk, as staff 
involved in project planning and execution may disregard relevant requirements and 
information. In addition, dealing with separate documents and standards has a negative 
impact on productivity, due to the difficulties to remember at a given time all the 
applicable constraints. The proposed solution ensures a single, shared point of access 
to search and browse applicable requirements – whatever their source - and assess their 
impact on activities and work products. When working on a specific deliverable or 
tasks, engineers can get the list of requirements that need to be considered.  
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Abstract. A large majority of enterprises worldwide are VSEs (Very Small 
Entities). Like for any business, VSEs in the IT business sector face a challeng-
ing and strong competition. Adopting “best practices”, standardizing processes 
and obtaining an international recognition or certification, are key factors for 
success. This paper introduces a new and cost/effective alternative for interna-
tional recognition of small SMEs (VSEs), as good quality software producers. 
The new standard is VSE tailor-made, lightweight, certifiable and compatible 
with traditional models such as CMMI [2], ISO330xx [15], or ISO 9000. New 
standards are on their way to internationally harmonize these conformity as-
sessments and certificates for VSEs.  

Keywords: Process assessment · Conformity assessment · VSE ·  
ISO/IEC 29110 

1 Introduction 

According to the very new ISO series standard, ISO/IEC 29110 [6], an enterprise 
comprising 25 people or less is called Very Small Entities, or VSEs, for its acronym 
in English. The name not only refers to companies, but also serves to reference an 
organizational or project area comprised of 25 people or less. In some way, the term 
VSEs keeps relationship with the common term SMEs (Small and Medium-sized 
Enterprises) for micro and small SMEs. Overall, SMEs accounted for 99.8% of all 
enterprises active in the EU28 nonfinancial business sector, 66.8% of total employ-
ment and 58.1% of the value added (as in the EU28 in 2013 [1]). In Europe, for in-
stance, over 92% of enterprises have up to 9 employees [1]. These figures are similar 
worldwide. Like for any business, VSEs in the IT sector face a challenging and strong 
competition. Adopting "best practices", standardizing processes and obtaining an 
international recognition or certification, in addition to improving productivity, com-
petitiveness and organizational climate, help retaining customers, and also establish-
ing new inter-business relationships. However, most international standards and  
models were initially designed thinking on large software organizations; although it is 
possible to adapt such models to the small and often growing companies, it consumes 
an important amount of extra time and effort. 
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ISO JTC1/SC7 has created a working group (WG24) mandated to develop a set of 
tailored-made standards and guides to drive VSEs through a scalable, cost effective, 
less time consuming and manageable step by step approach in adopting and using 
world class Software Engineering practices. As a result of the ISO SC7 WG24 work, 
the incremental profiles under definition are: 

• entry profile intended to be the starting point of process approach and im-
provement 

• basic profile intended to include basic processes and to be certified.  

• organizational profile intended to be the improvement path to high mature 
processes. 

The profiles are proposed to use a Process Reference Model, defined according 
with ISO/IEC 24744 [8], to be easily understood, and to facilitate both their imple-
mentation (with the use of the guides available in ISO 29110) and also for their as-
sessment as well as their conformance /recognition (or certification). The processes 
goals are expressed via sentences with 'shalls' (in the process outcomes). The re-
quirements or “shall” sentences are included in the new draft ISO/IEC 29110-4-1 
standard. The processes are proposed to be defined with purpose and outcome.  

2 Conformity Assessment of VSE Profiles 

The new draft of ISO 29110-4-1 requirements [6] are required in a profile definition 
to be observed by IT systems claiming conformance to the profile. The conformance 
evaluation or certification can be achieved through either process assessment or audit 
both by an officially accredited body. Certification is the process of confirming that a 
system or component complies with its specified requirements and is acceptable for 
operational use [9].  Certification can: (1) provide acquirers with confidence in the 
suppliers, products or services they use; (2) help businesses be competitive; and (3) 
facilitate trade and marketing. 

2.1 Accredited Certification Body 

According to ISO, “…when choosing a certification body, one should: (a) Evaluate 
several certification bodies; (b) Check if the certification body uses the relevant 
CASCO standard (e.g. ISO 170xx standards) and (c) Check if it is accredited. Accre-
ditation is not compulsory, and non-accreditation does not necessarily mean it is not 
reputable, but it does provide independent confirmation of competence. To find an 
accredited certification body, contact the national accreditation body(ies) in ones' 
country or visit the International Accreditation Forum…”  

Accreditation is an on-going process of assessment of a conformity assessment 
body to ensure that its performance is: impartial, technically competent, to the re-
quired standard, appropriately resourced, and can be sustained [11]. For example in 
Europe, since 1 January 2010 it has been a requirement that every EU Member State  
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Fig. 1. Certification process main roles 

should formally appoint a single National Accreditation Body to be the sole provider 
of accreditation services for that country. Each National Accreditation Bodies are 
organized under the auspices of the European co-operation for Accreditation (EA). 
EA members may also be members of the two organizations with worldwide repre-
sentation—the International Laboratory Accreditation Cooperation (ILAC), and the 
International Accreditation Forum (IAF).   

Accreditation has multiple benefits among which the following can be mentioned: 

• Accreditation provides confidence in the competence and consistency of 
conformity assessment activities that can be used to support the implementation of 
requirements and regulations. 

• Accreditation is objective proof that conformity assessment organizations 
conform to recognized standards. It is the internationally recognized system that is 
used to develop and sustain high standards of performance. 

• Accredited conformity assessment is essential for decision-making and risk 
management. Organizations can save time and money by selecting accredited and 
therefore competent conformity assessment services. 

• Accredited conformity assessment can provide a competitive advantage and 
facilitates access to export markets with the aim of ‘tested or certified once, accepted 
everywhere [12]. 

An accredited certification body, from a list of possible certification bodies, using 
accredited assessors, will perform the conformity assessment to independently/as third 
party recognize the profiles of a VSE. 

(National) 
Accreditation Organisation

ISO/IEC 29110
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VSEcertifies
using certification schema

List of ISO/IEC 29110 
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maintains

belongs to
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2.2 Certification Schema 

ISO SC7 WG24 is developing two certification schemas for the independent confor-
mity assessment of the processes of VSEs: one based on “Process assessment and 
maturity levels” and the other one based on “Audits”. The certification body shall 
fulfill a specific set of requirements to be entitled as a certification body to these new 
schemas for VSEs. These requirements will be published in the following standards, 
still under preparation in ISO [6]: 

• ISO/IEC 29110-3-3 Systems and software engineering -- Lifecycle profiles for 
Very Small Entities (VSEs) -- Part 3-3: Certification requirements for conformity 
assessments of VSE profiles using process assessment and maturity levels 

• ISO/IEC 29110-3-2 Software engineering -- Lifecycle profiles for Very Small 
Entities (VSEs) -- Part 3-2: Conformity Audit. 

Table 1. Comparing “Process assessment and maturity levels” and “Audit” 

Issue of com-
parison 

Process assessment and Maturity 
Levels 

Audit  

Known It is a new method for ISO certifica-
tions/conformity assessments, but has 
strong similarity with similar good 
experiences and well valuated assess-
ment schemas such as SCAMPI (the 
CMMI appraisal method) 

Certification/conformity assess-
ments method already used for 
other schemas 

Criteria Indicators publicly available, therefore 
everyone will know the detailed crite-
ria the evaluators will use 

‘Checklist’ or evaluation criteria 
unknown and open for interpreta-
tion 

Assessors 
training 

Existing internationally recognized 
schemas for assessor accreditation, 
knowledgeable in the entity business 
area 

‘Accredited’ auditors are not 
always required to know about 
the business area of the entity 
assessed 

Improvements 
for the VSE 

Method well supporting incremental 
profile assessments and improvement 
paths for VSEs 

Not intended to be used for in-
cremental profile assessments nor 
for improvement purposes 

Certification 
bodies 

There are not yet certification bodies 
accredited to the ISO/IEC 29110-3-3 
[6] requirements not to the general 
ISO/IEC 29169 [10] standard, both 
still to be published. 

Existing certification bodies using 
audits as the method, accredited 
to assess other requirements: like 
ISO 9001, etc. The risk is that 
existing certification bodies using 
audits will perform these VSE 
conformity assessments without 
being accredited for this schema 
in particular. 

Time consum-
ing 

A little more time consuming than a 
traditional audit, even though it ana-
lyses a detailed set of publicly availa-
ble indicators.  

Time spent in interviews (oral 
evidence) and in reviewing doc-
uments without the possibility to 
corroborate them with correlated 
evidence.  
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Table 2. (Continued) 

Cost A good cost/benefits ratio. The cost 
includes the appraiser, the collection 
evidence process and the on-site pe-
riod, even though it analyses a detailed 
set of publicly available indicators. 

Could be a little bit cheaper be-
cause the less time used to evi-
dence collect and analyses.  

Objectivity Besides interviews, the method in-
cludes objective evidence collection, 
such as documents, presentation and 
work products.. 

High degree of dependency on 
interviews, oral evidences and no 
cross check document review 

Repeatability Easily repeatable as the set of indica-
tors is known and detailed enough and 
the standard process assessment 
process is detailed  

Hardly repeatable because of the 
considerable amount oral evi-
dence. 

Credibility Good level of credibility in similar 
Process assessment methods such as 
SCAMPI (the CMMI appraisal me-
thod)  

Eventual credibility issues be-
cause of the oral evidences de-
pendability  

2.3 Detailed Set of Indicators for Repeatability and Objectivity 

As mentioned above, the accredited assessor, through the Certification Body uses a 
certification schema for the conformity assessment of the VSE profiles.  This section 
is intended to present an example of the set in detailed indicators to be used when 
performing the conformity assessments using process assessment and maturity level 
schemas. Every aspect to be assessed (each process attribute) will need to be assessed 
at least twice for each process within a VSE (for two instances of the same process) 
and using a detailed set of indicators, for which all evidences will be recorded and 
mapped to each indicator. Making the assessment objective and repeatable. The Basic 
Profile for VSEs mentioned above (soon to be published in ISO/IEC 29110-3-1 [6]): 
By reporting all evidences found for each of above indicators for the two process 
instances to be assessed, the results of the assessment can be repeatable and objective.   

2.4 Accreditation of VSE Process Assessors 

VSE certifications, as many other certifications, will need to be performed by 
'Accredited Assessors' from (or subcontracted by) the accredited certification bodies. 
The meaning of 'Accredited Assessors' is that these conformity assessments shall be 
performed by trained and qualified individuals who are trained by an ‘authorized’ 
training organization, and who have the education, competencies and working and 
practical experience to be able to perform these assessments, in particular using the 
process assessment and maturity level schema. 

As in the CMMI schema [2] and the ISO 15504-5 (new ISO/IEC 330xx [15]), an 
“ISO/IEC 29110 Accredited Assessor” needs Software Engineering specific know-
ledge, enough field experience, some ISO/IEC 29110 training and skills and qualifica-
tion to conduct properly an VSE assessment and certify, for example and in particular, 
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its ISO/IEC 29110-4-1 software basic profile fulfillment. The organization training 
and accrediting assessors  will need to comply with ISO/IEC 17024 [14] which con-
tains the principles and requirements for a body certifying persons against specific 
requirements, and includes the development and maintenance of a certification 
scheme for persons. One example of an international organization performing this 
assessor’s competencies accreditation role is INTRSA [13], certifying as competent, 
process assessors trained and qualified in the principles and practices of assessing 
processes with the requirements ISO/IEC 330xx [15] (former ISO/IEC 15504). Asses-
sor accreditation schemas for each specific process assessment model may need to 
come soon to be publicly in place. 

Figure 2 below shows the different roles for the assessor accreditation. To become 
an accredited process assessor, and specifically for VSE profiles, one would need to 
demonstrate: 

• He is trained in the process assessment process and in the specific process 
assessment model to be used (e.g. in our case the ones included in ISO 
29110).  

• He has the working experience, to be an assessor knowledgeable in the re-
quired area of expertise to be assessed. For example, for the assessment of 
VSE’s processes, the applicant will need to demonstrate he has relevant work 
experience in the system and/or software industry, including in system 
and/or software development life cycle processes functions, within system 
and/or software development or maintenance, inspection or enforcement, or 
the equivalent.  

• He has practical assessment experience in using the assessment schema and 
performing process assessments (measured mainly through the number of 
performed assessment hours and the number of assessments). The applicant 
will need to demonstrate he has performed system and/or software processes 
assessments in organizations under the leadership of a qualified assessor. 

 

Authorised Training 
provider

belongs to

ISO/IEC 17024 certified 
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Fig. 2. Assessor accreditation main roles 
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With all this information the applicant may be granted with the accreditation of be-
ing an assessor or a principal assessor depending on the expertise and practical as-
sessment performances, in particular for VSE profiles/processes. These accreditations 
are to be renewed periodically, and for example in INTRSA (www.intrsa.org) [13], 
for ISO/IEC 15504-5 assessors it is every three years. 

3 Conclusions 

This paper has presented an overview of new and cost/effective ways for international 
recognition to small VSEs (VSEs), tailor-made, lightweight, certifiable and compati-
ble with traditional models. Like for any business, VSEs in the IT business sector face 
a challenging and strong competition. Adopting "best practices", standardizing 
processes and obtaining an international recognition or certification, are key factors 
for success. New standards like the ISO/IEC 29110 series are on their way to interna-
tionally harmonize these conformity assessments and certificates for VSEs. 

The status is still very incipient but fast moving into the right direction. In one 
hand, industry needs to get all VSE profiles published from ISO, together with all 
their process assessment models. The guides that are defined together with the pro-
files by ISO will serve to support the implementation of these profiles. In the other 
hand, and in order to be able to get recognition of VSEs excellence, first, the different 
Countries need to adopt the “Process assessment and maturity levels” certification 
schema based on ISO/IEC 29169 and the coming ISO/IEC 29110-3-3, so that they can 
accredit certification bodies. In turn, these certification bodies need 'accredited' asses-
sors. Therefore, in parallel, process assessors need to be trained by an ‘authorized’ 
training organization, which recognize they have the education, competencies and 
working and practical experience to be able to perform these assessments.  
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