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II. ABSTRACT 

Requirements engineering (RE) is involved with identifying, analyzing, documenting, validating and 

managing requirements in the development of a product. In literature, it has been shown that potential 

business benefits could be achieved by assessing and improving the requirements engineering process. To 

assess the RE process of an organization, the Unified Requirements Engineering Process Maturity Model 

(Uni-REPM) was developed. Also a safety maturity module for Uni-REPM, called Uni-REPM SCS, was 

introduced that organizations could use as a guideline to assure that they do not fall in the most common 

mistakes made by companies during the RE process of safety-critical systems (SCS). It was unknown 

whether Uni-REPM and Uni-REPM SCS are valid and reliable assessment tools for assessing the (safety) 

RE process of a company that develops medical SCSs, and whether they are applicable and accepted in such 

company. Uni-REPM had already been validated statically and dynamically, but not in a company 

developing medical safety-critical systems. In literature, Uni-REPM SCS had only been validated statically. 

To find out whether Uni-REPM and Uni-REPM SCS are valid and reliable, and whether they are applicable 

and accepted in a company that develops medical safety-critical systems, both maturity models were 

dynamically validated (and thus piloted) in a company that develops these medical safety-critical systems. 

By using both maturity models in the same company, it was also possible to analyze whether the maturity 

models are perceived differently in the same company.  

In this master thesis, both maturity model are assessed on validity, reliability, applicability and acceptance, 

where acceptance was split up into the following constructs by using the Technology Acceptance Model: 

perceived ease of use, perceived usefulness and intention to use. The assessment of the maturity models is 

done by using questionnaires and conducting interviews. Based on the findings, improvements for both 

models and recommendations for using the models are identified. 
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III. MANAGEMENT SUMMARY 

In this master thesis, the general requirements engineering (RE) process and the safety RE process of two 

projects of a European medical SCS development company were assessed by using two maturity models: 

the Unified Requirements Engineering Process Maturity Model (Uni-REPM) and Uni-REPM SCS (for 

safety-critical systems). By doing a case study, these maturity models were assessed to achieve the main 

goal of the master thesis project: dynamically validating Uni-REPM and Uni-REPM SCS in a medical SCS 

development company. In dynamic validation, models are applicated in an industrial context in order to 

evaluate them under realistic conditions and to identify further improvements (Svahnberg et al., 2013). 

Problem definition 

The requirements phase is very important, as it impacts all succeeding phases of the development process 

of a medical SCS. However, still too many errors are made and problems arise in the development of the 

requirements. For safety-critical systems (SCS), problems in its requirements might cause serious damage 

to the environment, property and people. To avoid problems in the requirements phase, the RE process needs 

to be mature. In literature, multiple maturity models have been proposed with the aim to assess and improve 

the (safety) RE process of an organization. Uni-REPM was developed to assess and improve the general RE 

process, whilst Uni-REPM SCS was developed to assess and improve the safety RE process. Assessments 

with Uni-REPM and Uni-REPM SCS are done with checklists that act as the assessment tools for the 

maturity models, where questions need to be answered by either complete, incomplete or inapplicable.  

Uni-REPM has already been validated statically and dynamically a couple of times, but not in a company 

that develops medical SCSs. Uni-REPM SCS has not been validated dynamically, only statically. As both 

maturity models have not been dynamically validated in a medical SCS development company, it is 

unknown how valid and reliable they are for assessing the RE process in a medical SCS development 

company, and how applicable and acceptable the models are in such company. This leads to the following 

problem statement: Uni-REPM and Uni-REPM SCS have not been dynamically validated yet in a medical 

SCS development company, and therefore, it is unknown whether these maturity models are valid and 

reliable, and whether they are applicable and accepted in a medical SCS development company. 
 

In this master thesis project, both Uni-REPM and Uni-REPM SCS will be dynamically validated in a 

medical SCS development company. By doing this, it will also be known whether there any differences in 

using Uni-REPM and Uni-REPM SCS in the same SCS development company. To guide this research, three 

research questions are formulated. The first two research question (RQ1 and RQ2) are derived from the 

problem statement and are constructed to assess Uni-REPM and Uni-REPM SCS on multiple aspects. RQ1 

is about the maturity models themselves, whilst RQ2 is about whether the maturity can be used and will be 

used in practice, and more specific: in a medical SCS development company. 

RQ1: How valid and reliable are Uni-REPM and Uni-REPM SCS for assessing the (safety) RE  process 

of a medical SCS development company? 

RQ2: How applicable and accepted are Uni-REPM and Uni-REPM SCS in a medical SCS development 

company? 

RQ3: What improvements can be proposed for Uni-REPM and Uni-REPM SCS? 

 

Background information 

An extensive literature review was conducted to provide background information. It provides (1) an 

overview of challenges in safety RE, (2) the importance of a mature safety RE process and (3) a description 

of Uni-REPM SCS, which is also compared to other safety maturity models. 

 

Research design  

The structure of the case study was based on the main process steps in a case study by Runeson and Höst 

(2009): case study design, prepare for data collection, data collection and data analysis. This is visualized 

in the picture below, including the input and output of each process step. 
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In the case study, Uni-REPM and Uni-REPM SCS were assessed on validity, reliability and applicability 

and the constructs of the Technology Acceptance Model: perceived ease of use (PEU), perceived usefulness 

(PU) and intention to use (IU). The study was conducted in a medical SCS development company. Four 

employees participated in the dynamic validation. All participants used Uni-REPM SCS as an assessment 

tool, three of them used Uni-REPM. The participants assessed the (safety) RE process of two projects: 

Project A and Project V. The RE process of both projects were assessed twice with both maturity models. 

 

Multiple data gathering techniques were used to validate Uni-REPM and Uni-REPM SCS in the medical 

SCS development company. First, questionnaires were used to assess the (safety) RE process of the two 

projects. The questionnaires were also used to assess both maturity models on PEU, PU and IU. For PEU, 

PU and IU, ten statements were used for assessing the entire maturity models. Furthermore, for PEU and 

PU, there were three statements per sub-process area (SPA) that were used for assessing the corresponding 

SPA. Each SPA was assessed on easiness to answer, understandability and usefulness. 

Second, structured interviews were conducted. In the assessment of the safety (RE) process, participants 

answered the questions differently. For questions that were answered differently, evidence was gathered in 

a structured interview to get objective assessment results of the (safety) RE process of the two projects. 

Third, semi-structured interviews were conducted to validate Uni-REPM and Uni-REPM SCS in the 

medical SCS development company. Questions were asked about validity, reliability, applicability, PEU, 

PU and IU. For fair treatment and reliability of the data, the interviews were audio recorded and clearly 

transcribed. 

Fourth, another questionnaire was used to assess the improvements resulting from the process maturity 

assessment results, and to assess the improvement path of Uni-REPM and Uni-REPM SCS.  

At last, observation was used throughout the whole data collection. It was mainly used to add, change, or 

remove data that was gathered in the structured and semi-structured interviews. 

 

Research results 

Process maturity assessment results 

The RE processes of Project A and Project V were assessed in the case study. There were only a few 

differences between the process maturity assessment results of the two projects. All results can be found in 

APPENDIX B (objective results for every question) and APPENDIX C (graphs that show the maturity of 

each main process area per maturity level).  

 

Validation of Uni-REPM and Uni-REPM SCS 

The main findings of the dynamic validation of the two maturity models are stated below. All scores from 

PEU, PU and IU were on a scale from 1 (low) to 5 (high). 
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Validity. The models and questionnaires are closely related. They were all considered accurate to its scope 

for assessing the RE process in a company developing medical SCSs. Furthermore, they had a clear 

structure. In contrast to Uni-REPM, Uni-REPM SCS (and its checklist) was not considered to be complete, 

as it lacked links to safety regulations and hardware. 

Reliability. The reliability was calculated by using Cohen’s Kappa coefficient. The coefficient indicated 

low agreement between the participants in this case study. This was mainly caused by the answer options 

and different perceptions of the participants on the (safety) RE process.  

Applicability. Respectively, 97.30 and 96.93 percent of the questions of Uni-REPM and Uni-REPM SCS 

were applicable. Both maturity models are considered highly applicable to a company that develops medical 

SCSs. 

PEU. The PEU of the entire model scored on average 3.59 for Uni-REPM and 3.06 for Uni-REPM SCS. 

The models were assessed to be reasonable easy to use. The average scores for PEU per SPA were similar, 

for both easiness to answer and understandability. The deviation between the average scores of the SPAs 

was not big. 

PU. The PU of the entire model scored on average 3.25 for Uni-REPM and 2.81 for Uni-REPM SCS. The 

participants were skeptical about the usefulness of the maturity models in a medical SCS development 

company. Literally following the improvement path of Uni-REPM and Uni-REPM SCS was not considered 

to be useful, as not all actions were assessed to be useful. On average, the SPAs of the maturity models 

scored similarly for PU, compared to the average score of PU of the entire model the SPA belonged to. 

IU. IU scored on average 2.67 for Uni-REPM and 2.38 for Uni-REPM SCS. The participants were skeptical 

about using the models in its current state, mainly because some actions were not considered to be useful in 

a medical SCS development company. 

 

Improvements for Uni-REPM and Uni-REPM SCS 

Based on the dynamic validation of Uni-REPM and Uni-REPM SCS in the medical SCS development 

company, improvements on the maturity models and recommendations on using the maturity models were 

identified: 

- The answer options should be changed. Two type of improvements were identified: 

o An answer option should be added: sufficiently complete. 

o The definitions of the answer options complete and incomplete should be changed. 

- Actions should be added to Uni-REPM SCS that are related to safety regulations and hardware. 

- Columns about cost/effort and value/benefit should be added to the questionnaire of Uni-REPM and 

Uni-REPM SCS to prioritize actions that were assessed to be incomplete. 

- Assessments with Uni-REPM and Uni-REPM SCS should be conducted in groups. 

- Users of the maturity models should have been involved and should have a deep understanding of the 

(safety) RE process. 

Conclusion 

Uni-REPM was applicable to the medical SCS development company and was considered to be complete 

and accurate to its scope: the RE process in a company developing medical SCSs. As it is complete and 

accurate, it has high validity. However, it was not reliable as an assessment tool, as the agreement among 

participants was low. This was mainly because of the binary questions (when the questions were considered 

applicable) and because the participants had different functions, and thus different knowledge and 

perceptions on the (safety) RE process. The participants perceived the maturity model to be easy to use, but 

were skeptical about the usefulness of the model in a medical SCS development company, for both assessing 

and improving the RE process. This was due to the lack of usefulness of some actions. Overall, Uni-REPM 

was not accepted as a maturity model to assess the RE process in a medical SCS development company. 

The results for Uni-REPM SCS did not differ much from the results of Uni-REPM. The biggest difference 

was that Uni-REPM SCS was not considered to be complete for assessing the maturity of the RE process in 

a medical SCS development company, because it lacked links to safety regulations and hardware. Therefore, 

Uni-REPM SCS has a lower validity and perceived usefulness.  
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1. INTRODUCTION 

In this chapter, the problem definition and the research questions of this research are discussed. It also 

includes the report outline to understand what is discussed in each section. 

 PROBLEM DEFINITION 

Computing systems have become ubiquitous and they are a basic part of human life. These systems help 

people to control highly critical activities, such as medical procedures. Failures during the control of 

these systems might cause serious damage to the environment, property and people, which impact 

companies, the marketplace, as well as the quality of life, people and society in general (Martins & 

Gorschek, 2016). Systems with these characteristics are generally called safety-critical systems (SCS). 

For a successful development of medical safety-critical systems, it is critical to have a good requirements 

engineering (RE) process. Requirements influence the whole development phase of a medical safety-

critical system, since they influence the input of all stages in the development phase. However, the 

requirements phase is still a neglected area (Svahnberg et al., 2013) and many errors are made and 

problems arise in the development of the requirements. If these problems are not addressed sufficiently, 

they may lead to issues for the system’s quality. This could negatively affect the user of the system, the 

patient, but also the developer (the medical company) of the system as additional work needs to be done 

to get a high quality system. To reduce the number of errors and problems, the requirements engineering 

process needs to be mature.  

In literature, multiple maturity models have been proposed with the aim to assess and improve the 

processes of an organization. A maturity model is “a structured collection of elements that describe the 

characteristics of effective processes at different stages of development. It also suggests points of 

demarcation between stages and methods of transitioning from one stage to another” (Wendler, 2012). 

Well-known process maturity models are CMM, CMMI and ISO 9000. These maturity models consist 

of best practices, which are activities that have been empirically validated in industry and may benefit 

practitioners if they are implemented in an industry project (Svahnberg et al., 2015). Together, all best 

practices form a coherent set of practices on multiple levels, where each level addresses specific process 

goals. For industry practitioners, this provides a useful tool to assess the processes in a company, as 

practitioners are able to assess to what extent each best practice is implemented in their company by 

using a checklist that belongs to the maturity model. Furthermore, practitioners can identify potential 

process improvements against the contemporary, and empirically proven best practices, if the best 

practices were not or not well enough implemented in their company (Svahnberg et al., 2015). The 

sequence of implementing unimplemented best practices depends on the maturity level of these best 

practices. First unimplemented best practices with the lowest maturity levels should be implemented. 
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Multiple maturity models have been proposed to assess and improve the RE process. These maturity 

models focus on the requirements phase in the development of a product and therefore, they consist of 

best practices that are related to requirements. Examples of RE maturity models are Uni-REPM and 

Good Practice Guidelines (GPG). Also safety maturity models have been developed. These safety 

maturity have a focus on safety-related processes in the development of a product and are developed to 

improve the safety of the developed products (Svahnberg et al., 2015). +SAFE-CMMI-DEV, ISO 

15504-10 and Uni-REPM SCS are examples of safety maturity models. These are all extensions of a 

base model, respectively CMMI, ISO 15504 and Uni-REPM.  

To know to what extent these models are applicable to a company developing medical SCSs, and 

whether the models are accepted by potential users in such medical company, the models need to be 

validated statically and dynamically (Gorschek et al., 2006). The intention of a static validation is to 

spread the model to a wide selection of domain experts or industry users and gather feedback in order 

to improve the model. With dynamic validation, the maturity models are applied in an industrial context 

in order to evaluate the models under realistic conditions and to identify where further improvements 

are needed before conducting full scale tests (Gorschek et al., 2006). 

Uni-REPM and Uni-REPM SCS are extensive maturity models. As stated before, Uni-REPM has a 

focus on the requirements phase of the development of a product; Uni-REPM SCS’s focus resides on 

the safety concerns in the RE process (Vilela, Castro, Martins, & Gorschek, 2018b) (For an extensive 

description of the maturity models, see section 2.1.4). It is interesting to know whether these maturity 

models are applicable to a medical SCS development company and whether they will be accepted by 

practitioners in such company. The base model, Uni-REPM has already been validated statically 

(Nguyen, 2010; Svahnberg et al., 2013) and dynamically (Goesten, 2018; Nguyen, 2010; Svahnberg et 

al., 2013) in different domains and is considered to be applicable and useful in practice. However, it has 

never been validated dynamically in a medical SCS development company. In this master thesis, Uni-

REPM will be dynamically validated in a medical SCS development company, just like the its safety 

module, Uni-REPM SCS. Uni-REPM SCS, which was developed in 2018, is a newer maturity model 

and it has only been statically validated by Vilela et al. (2018b). Therefore, it needs to be dynamically 

validated to know whether it is applicable and accepted in industry. According to De Bruin et al. (2005), 

maturity models need to be tested on validity, reliability and generalizability. Tarhan et al. (2015) also 

note that the validity of a maturity model is very important. Generalizability, however, is an open issue 

until it is tested in multiple domains.  

In this study, the focus is on dynamically validating Uni-REPM and Uni-REPM SCS in a medical SCS 

development company. This has not been done yet and therefore, it is not known how valid, reliable and 

useful these models are for assessing and improving the (safety) RE process in a medical SCS 
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development company. Furthermore, it is not known whether these models are applicable and accepted 

in such company. Altogether, for this master thesis, the following problem statement is formulated: 

 

 RESEARCH QUESTIONS 

Both Uni-REPM and Uni-REPM SCS will be dynamically validated in this research. After dynamically 

validating both maturity models in a medical SCS development company, it will also be known whether 

there are any differences in using Uni-REPM and Uni-REPM SCS in the same medical SCS 

development company. 

To guide this research, three research questions are formulated. The first two research question (RQ1 

and RQ2) are derived from the problem statement and are constructed to assess Uni-REPM and Uni-

REPM SCS on multiple aspects. RQ1 is about the maturity models themselves. According to De Bruin 

et al. (2005), maturity models need to be tested on validity and reliability. The validity and reliability of 

Uni-REPM and Uni-REPM SCS in a medical SCS development company will be known when RQ1 is 

answered. For RQ2, it is investigated whether the maturity models can be used and will be used in a 

medical SCS development company. Therefore, the maturity models are tested on applicability and 

acceptance by potential users in such company. 

RQ1: How valid and reliable are Uni-REPM and Uni-REPM SCS for assessing the (safety) RE 

process of a medical SCS development company? 

RQ2: How applicable and accepted are Uni-REPM and Uni-REPM SCS in a medical SCS 

development company? 

Based on the findings of the dynamic validation, improvements for Uni-REPM and Uni-REPM SCS 

will be proposed. Therefore, RQ3 is formulated. 

RQ3: What improvements can be proposed for Uni-REPM and Uni-REPM SCS? 

To answer these research questions, a case study was conducted in a European company that develops 

medical safety-critical systems. The (safety) RE processes of two finished projects were assessed in this 

case study by using the checklists that act as the assessment tools for the maturity models. Three 

participants used Uni-REPM; four participants used Uni-REPM SCS. To answer RQ1, semi-structured 

interviews were conducted to assess the validity of the maturity models and their instrument. For 

reliability, the Cohen’s Kappa coefficient was calculated to find the agreement between the assessments 

of the participants who assessed the (safety) RE process of the same project with the same maturity 

Problem statement: Uni-REPM and Uni-REPM SCS have not been dynamically validated yet in a 

medical SCS development company, and therefore, it is unknown whether these maturity models are valid 

and reliable, and whether they are applicable and accepted in a medical SCS development company. 
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model. Semi-structured interviews were also conducted to get additional explanations on the resulting 

Cohen’s Kappa coefficient.  

To answer RQ2, the Technology Acceptance Model was used, which consists of three constructs: 

perceived ease of use (PEU), perceived usefulness (PU) and intention to use (IU). For these constructs, 

multiple statements were included in the questionnaire/checklist to operationalize the constructs. For 

PEU, PU and IU, these statements were constructed to assess the entire maturity models. For PEU and 

PU, also statements were constructed to assess these constructs for each sub-process area (SPA, a cluster 

of best practices in a specific area) of the maturity models. Furthermore, semi-structured interviews were 

conducted to get in-depth information about PEU, PU and IU. For applicability, the percentage of 

questions that was answered by complete and incomplete (thus not inapplicable) was calculated. This 

percentage would give the applicability of the maturity models in the medical SCS development 

company. For in-depth information, again semi-structured interviews were conducted. To answer the 

last research question, RQ3, semi-structured interviews were conducted for identifying improvements 

for Uni-REPM and Uni-REPM SCS. 

 THESIS STRUCTURE 

In this section, the structure of this thesis will be elaborated. The structure is also visualized in Figure 1. 

In this chapter, the research context was introduced along with the corresponding problem statements 

and research questions. The next section, section 2, covers background information, which is based on 

the literature review done prior to this master thesis project. The literature review was updated prior to 

the publication of this master thesis to include all recent and relevant publications. The background 

information helps the reader to understand all relevant knowledge of the problem context. Section 3 

provides the research design, which consists of the following sections: scope, case study design, 

preparation for data collection, data collection and data analysis. Section 4 consists of four parts: the 

process maturity assessment results, the validation of the maturity models, improvements for Uni-REPM 

and Uni-REPM SCS, and threats to the reliability and validity of this study. The process maturity 

assessment results show the maturity of the RE process of two finished projects; the validation gives 

insight on several construct that Uni-REPM and Uni-REPM SCS are assessed on, and based on these 

constructs possible improvements are identified. The section ends with the reliability and validity threats 

of the case study, this includes construct validity, internal validity and external validity and reliability 

threats. The last section, section 5, provides the conclusion of the research that consists of the research 

contributions, research implications and research limitations and future research. 
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2. BACKGROUND INFORMATION  

This chapter is based on the literature review that was performed prior to this master thesis. The literature 

review was updated just before this thesis was published to include the most recent and relevant 

publications. It provides (1) an overview of challenges in safety RE, (2) the importance of a mature 

safety RE process and (3) a description of Uni-REPM SCS, which is also compared to other safety 

maturity models. This literature review was done to provide a foundation of knowledge of the maturity 

of safety RE.  

 LITERATURE REVIEW 

Requirements are the input of many development phases. According to Vilela, Castro, Martins and 

Gorschek (2018a), safety requirements are a major source of safety incidents, generally due to 

requirements issues. 48 percent of all development problems stem from the RE phase (Hall et al., 2002), 

but despite the enormous impact of requirements, Svahnberg et al. (2013) claim that requirements 

engineering is still a neglected area and therefore, there are still too many challenges to be addressed. 

These challenges will be discussed in section 2.1.1. 

When the challenges in safety RE and their impact on safety are known, it is easier to understand why 

the safety RE process of a company needs to be mature. In companies with a high process maturity level, 

requirements issues tend to be mitigated since these companies do their business in a systematic, 

consistent and proactive approach (Vilela, Castro, Eduardo, et al., 2017). More about the maturity of a 

safety requirements engineering process will be in section 2.1.2. In literature, multiple safety maturity 

models have been developed to assess and improve the maturity level of the safety process. By assessing 

the maturity of a company’s process, it will be made clear what can be improved to get a more mature 

safety process. This is important to improve the safety of a system. Uni-REPM SCS is a safety maturity 

model.  In section 2.1.3, this model will be discussed and compared to two other safety maturity models 

to give an insight how it differs from the two other models. 

 Challenges in safety RE 

The literature provides multiple articles that document the safety challenges that are faced in the 

development of a product. A good overview was given by Hatcliff et al. (2014). They published a report 

considering the challenges related to the development and certification of safety-critical software 

dependent system. In this report, Hatcliff et al. (2014) identified seven primary challenges. These are 

listed below: 

1. The need to establish foundation principles for software safety assurance. 

2. The nature of criteria in safety certification. 

3. The issues related to safety requirements specifications. 
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4. The need to develop engineering and assurance approaches to support compositional 

certification and reuse of certified components. 

5. The use of tools in the certification process. 

6. The increasing automation in hazard analysis. 

7. The need of building competence to engineer software for safety-critical systems. 

For a more detailed explanation of these seven challenges, please read the paper by Hatcliff et al. (2014). 

Especially, the third challenge (‘issues related to safety requirements specifications’) is important, since 

safety RE is a major source of safety incidents. Requirements cause relatively many problems in projects 

and failures in the RE phase may become very costly to solve. Therefore, issues in safety requirements 

need to be addressed very well by making the safety RE process mature and hence, to minimize the risks 

on safety incidents. However, RE is still a neglected area (Svahnberg et al., 2013) and therefore, there 

are still many related challenges. Vilela et al. (2017) state that these challenges associated with RE as 

well as with requirements communication in safety-critical systems development that is reported in 

many studies, were still valid when their paper was published in 2017. 

In the research by Heimdahl (2007), it is stated that safety requirements are no different than other 

software requirements. Therefore, the challenges regarding safety requirements are similar to challenges 

regarding other software requirements. Assuming that Heimdahl (2007) is right, it indicates that the 

challenges of safety RE are mainly in the collaboration of the requirements engineers and the safety 

engineers. Although safety requirements are similar to other requirements, other articles indicate that 

safety-critical systems require more sophisticated RE approaches as inadequate, incomplete or 

misunderstood requirements have been recognized as a major cause in many accidents and safety-related 

catastrophes (Vilela, Castro, Eduardo, et al., 2017). In addition, companies building SCSs need to avoid 

inadequate, incomplete or misunderstood requirements when considering product/system safety 

certification process compliance (Martins & Gorschek, 2016).  In the literature, research has been done 

to find out what the main challenges are in safety RE. These will be discussed below. 

2.1.1.1 No integration between system-, safety- and software engineering 

In the literature, multiple articles, like Vilela, Castro, Eduardo et al. (2017) and Hatcliff et al. (2014), 

claim that system engineering, safety engineering and software engineering are still not particularly 

well-integrated disciplines. Safety engineering is effective when it participates in and provides input to 

the requirements engineering process and to the system design, not when it focuses on making arguments 

about the artifacts created after the major safety-related decisions have been made. Separating safety 

engineering from requirements engineering process is almost guaranteed to make the effort and 

resources expended a poor investment and possibly the development of a system that is not safe (Vilela, 

Castro, Eduardo, et al., 2017). The disciplines safety engineering and the requirements engineering are 

largely discussed by researchers concerned with safety-critical systems, but ignored by many 
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practitioners and researchers in other domains. Since the disciplines are very isolated from each other 

in practice, there is only very little effective interaction and collaboration between the requirements and 

safety discipline on most projects (Firesmith, 2005). Most requirements engineers know little about 

safety engineering. Similarly, most safety engineers know little about requirements engineering, since 

safety engineers typically concentrate on architectures and designs rather than requirements. This is 

because hazard and threat analysis traditionally depends on the identification of hardware and software 

components, the failure of which can cause accidents and vulnerabilities.  

This challenge has been confirmed in literature by multiple studies related to both RE and safety 

engineering (Leveson, 2011; Sikora et al., 2012). Martins and Gorschek (2017) made a systematic 

literature review and found out that only 7.28 percent of the considered studies clearly proposed 

approaches to support both the requirements specification and safety analysis in a cooperative way. To 

improve the collaboration and integration between the two disciplines, Firesmith (2005) proposed that 

both disciplines need to understand the basic concepts of the other discipline. In addition, Sikora et al. 

(2012) state the use of formal methods appears to be beneficial for safety-critical systems. However, 

many difficulties arise in industrial settings, as developers require special skills to deal with formal 

methods. Therefore, these formal methods are found in literature, but are rarely applied in practice.  

2.1.1.2 Bad communication among different parties in the development of an SCS 

Except for good collaboration and communication between requirements engineers and safety 

engineers, literature also mentions another important challenge. Communication of requirements among 

different parties (e.g. designers) in the development of SCS is also critical for the quality (and thus 

safety) of the system. Often there is a lack of communication and it is challenging to improve this  

(Vilela, Castro, Martins, Gorschek, et al., 2018). This is also concluded by Martins and Gorschek (2017). 

A shared understanding of requirements is critical, since miscommunication of safety requirements may 

lead to a system that does not capture a stakeholder’s safety needs. In a study by Bjarnason, Wnuk and 

Regnell (2011), four factors were given that influence the communication related to (safety) 

requirements engineering. These are scale, temporal aspects, common view and decision structures. For 

example, SCSs are often developed by big companies, since SCSs are often complex and need to meet 

many regulations. This big size makes the communication in requirements engineering more 

complicated, as more people are involved into the project. 

To improve the communication between different parties in the development of an SCS, different type 

of communication can be used. In a literature review by Vilela et al. (2019), 70 percent of the selected 

studies used model-based collaboration, 43.33 percent used process support and 35 percent used an 

artifacts-based communication format. However it is still unknown which communication format is the 

most effective in requirements communication of safety-critical systems. This could be a promising 

future research direction (Vilela et al., 2019). 
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2.1.1.3 Other related challenges 

In a systematic literature review by Vilela, Castro, Eduardo, et al. (2017), 57 studies were selected that 

were related to the integration and communication between RE and safety engineering. 37 out of 57 

studies did not explicitly discuss challenges in the integration between RE and safety engineering. The 

other 20 studies stated a total of 20 different challenges. The most cited challenges are “Analysis of 

scalability of the technique about integration and communication between RE and safety engineering in 

real case studies” (O1) and “Conduction of more empirical studies about integration and 

communication between RE and safety engineering” (O2). These were both cited four times. Another 

important challenge is O3, “Develop safety analysis tools integrated with requirements specification”. 

This challenge was cited three times. Other challenges from the systematic literature review by Vilela, 

Castro, Eduardo, et al. (2017) can be found in Table 1.  

In the systematic literature review, Vilela, Castro, Eduardo, et al. (2017) also concluded that it is 

challenging to comply with safety standards in the requirements. RE approaches do not provide explicit 

guidelines whether they comply with specific safety integrity levels or how the approach should be 

tailored to achieve compliance and therefore, it might be challenging to comply with safety standards. 

Table 1 - Challenges/problems in the integration and communication between RE and safety 

engineering (Vilela, Castro, Eduardo, et al., 2017) 
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 The maturity of a safety RE process 

In the literature, it is widely known that early consideration of safety concerns in RE should be a top 

priority in the development of safety-critical systems, since RE is essential for the product´s quality and 

the effectiveness of the development process. Moreover, high safety levels are typically best achieved 

by addressing safety from the beginning, not by adding protection components after the system has been 

developed. Accordingly, requirements issues tend to be mitigated in companies with high maturity levels 

(Vilela, Castro, Martins, & Gorschek, 2018b). Maturity can be classified as “the state of being complete, 

perfect or ready” (Vilela, Castro, Martins, & Gorschek, 2018b). Challenges as discussed in section 2.1.1 

will have less impact on the safety of the product when the safety RE process is mature. 

Companies with a mature process do their business in a systematic and proactive approach (Reis et al., 

2017). This leads to a reduced cycle time and development effort (Harter et al., 2000). On the other 

hand, immature companies can and do produce good quality requirements documents, but they may not 

be able to do so consistently or when working with tight deadlines. These immature companies lay their 

emphasis on directly fixing their problems and only obtain results through the efforts of determined 

subjects, while deadlines and budgets are often exceeded (Reis et al., 2017). 

A mature and practicable process contributes to eliminate errors and requirements problems (Vilela, 

Castro, Martins, & Gorschek, 2018b). This is also concluded in a research by Hall et al. (2002), who 

claim that a negative relation exists between requirements problems and process maturity. Furthermore, 

they claim that process assessment generates benefits to companies. Therefore, to improve a company’s 

safety RE process, immature companies need to assess their safety RE process first. Assessing the 

capability of the safety process has been identified as necessary to have more technical results that can 

be used in a continuous process improvement (Vilela, Castro, Martins, & Gorschek, 2018b). In order to 

ensure a systematic safety process improvement, various aspects (e.g. organizational, technical, and 

strategic) have to be addressed. Safety standards are available as guidance for process improvement. 

However, they have not the notion of process capability or maturity. Therefore, maturity models have 

been developed to fill the gap of safety standards and to indicate what is missing in a company’s safety 

RE process (Vilela, Castro, Martins, & Gorschek, 2018b). 

 Safety maturity models 

Multiple safety maturity models have been developed in literature. To give a good introduction of a 

maturity model, it will be defined next. A maturity model is “a structured collection of elements that 

describe the characteristics of effective processes at different stages of development. It also suggests 

points of demarcation between stages and methods of transitioning from one stage to another” 

(Wendler, 2012). In short, a maturity model measures the capabilities of a company. It only prescribes 

what to do and it does not require the adoption of any specific technique or method (Vilela, Castro, 

Martins, & Gorschek, 2018b). However, the application of maturity models could create useful benefits. 
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For practitioners, it creates awareness of the analyzed aspects: their state, importance, potentials, 

requirements, complexity, etcetera. Furthermore, a maturity model may serve as a reference frame to 

implement a systematic and well-directed approach for improvements, ensure a certain quality, avoid 

errors, and assess one’s own capabilities on a comparable basis (Vilela, Castro, & Martins, 2017).  

Over the last years, maturity models have been increasingly approached by several researchers from 

various research areas in order to develop models that could assess the strengths and weaknesses of a 

system and/or a process, and to develop scripts for improvement. Well-known maturity models are 

CMM, CMMI and ISO 9000. Good Practice Guidelines (GPG) and REPM models were also introduced. 

These pay more adequate attention to the RE process (Nguyen et al., 2011). Besides the RE process 

maturity modules, multiple safety maturity models have been developed and can be found in the 

literature. Three domain-independent safety maturity models were found in the literature study prior to 

this master thesis. Two of them are +SAFE-CMMI-DEV and ISO 15504-10. These models do not focus 

on the requirements phase, as they cover the whole system lifecycle. In addition, Uni-REPM SCS is an 

additional safety module of a maturity model that focuses solely on safety in the RE phase (Vilela, 

Castro, Martins, & Gorschek, 2018a).  

Below, Uni-REPM SCS will be described in more detail (section 2.1.4) and compared with +SAFE-

CMMI-DEV and ISO 15504-10 to identify differences between the models (section 2.1.5). Also other 

maturity models exist which assess safety-related processes. Vilela et al. (2018a) mentioned SW-CMM 

and SE-CMM. However, the main focus of these safety maturity models is not on safety and therefore, 

these will not be addressed in the comparison. 

 Uni-REPM SCS 

Uni-REPM SCS is an extension of Uni-REPM with a focus on safety RE. The ‘original’ Uni-REPM is 

intended as a universal lightweight model for assessing and improving RE process maturity. It is unique, 

since it can be used in both bespoke and market-driven RE.  

Similarly to Uni-REPM, Uni-REPM SCS follows a dual-view-approach: Process Area View and 

Maturity Level View (Vilela, Castro, Martins, & Gorschek, 2018b). The Process Area View is used to 

navigate the model and to quickly find practices that logically belong together. It consists of Main 

Process Areas (MPAs), which are split up into Sub Process Areas (SPAs), and subsequently in 

actions/best practices. The process area view of both Uni-REPM and Uni-REPM is depicted in Figure 

2. 

Uni-REPM SCS was integrated in Uni-REPM by adding new safety-related sub-process areas (SPAs) 

and actions to Uni-REPM. The new safety related SPAs are ‘safety knowledge management’, ‘safety 

tool support’, ‘general safety management’, ‘safety planning’, ‘safety configuration management’, 

‘supplier management’, ‘preliminary safety analysis’, ‘failure handling’, ‘safety certification’, ‘human 

factors’, ‘safety documentation’ and ‘safety validation and verification’ (a description of these new 
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SPAs and actions can be found in the article by Vilela, Castro, Martins, and Gorschek (2017)). In the 

development of Uni-REPM SCS, 148 safety actions were gathered from literature of both bespoke and 

market-driven practices. Therefore, Uni-REPM SCS can be used in both market-driven and bespoke 

context. Since this safety module consists of 148 actions, the module should have a good coverage of 

safety related processes in the requirements phase. 

 

Figure 2 - Uni-REPM SCS process view 

The Maturity Level View is developed to improve the (safety) RE process. To each action, a certain 

maturity level is assigned. This could either be ‘basic’, ‘intermediate’ or ‘advanced’, depending on the 

difficulty to implement the action, how essential it is for the RE process, and dependencies between 

actions (Svahnberg et al., 2015). The actions of a particular level constitute a consistent and coherent 
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RE process and thus, a company can focus on the actions of a particular maturity level that are not 

practiced yet, before moving on to actions of the next maturity level. 

In the literature, Uni-REPM SCS was validated statically by Vilela et al. (2018b), however it has never 

been validated dynamically in academics. The base form, Uni-REPM, was validated dynamically by 

Goesten (2018), Svahnberg et al. (2013) and Nguyen (2010). It was found out that it was an applicable 

and useful model.  

 Comparison of safety maturity models 

In the section above, Uni-REPM SCS is explained. However, more safety maturity models exist: 

+SAFE-CMMI-DEV and ISO 15504-1. Table 2 gives an overview of the three safety maturity models. 

By using information from literature, differences between the models can be found. The three models 

will be compared in this section.  

+SAFE-CMMI-DEV, ISO 15504-10 and Uni-REPM SCS are all domain-independent models, which 

means they can be used in every domain, like the automotive, medical or the avionics domain. +SAFE-

CMMI-DEV was developed in 2001 and updated for the last time in 2007. Compared to the other two 

models, +SAFE-CMMI-DEV is significantly older as the latest version of Uni-REPM SCS and ISO 

15504-10 SCS are from 2018 and 2019 respectively. According to Vilela et al. (2018b), maturity models 

need to be seen as constantly evolving as they need to reflect the current best practices. Some actions 

could be classified as advanced 10 years ago, but are currently seen as the norm (Vilela, Castro, & 

Martins, 2017). Therefore, they need to be updated frequently. This has not been done with +SAFE-

CMMI-DEV and therefore, ISO-15504-10 and Uni-REPM SCS are likely to reflect the current best 

practices better than +SAFE-CMMI-DEV. 

Big differences between Uni-REPM SCS and the +SAFE-CMMI-DEV and ISO 15504-10 are the size 

and the scope of the model. Uni-REPM SCS focuses solely on safety in the RE phase, whilst +SAFE-

CMMI-DEV and ISO 15504-10 focus on safety in the complete lifecycle. Since 48 percent of all 

development problems stem from problems in the requirements (Hall et al., 2002), it is helpful to assess 

the RE process very intensively. This can be done the best by using Uni-REPM SCS. Despite the fact 

that the scope of Uni-REPM SCS is much more on RE instead of the whole system lifecycle, like the 

scope of +SAFE-CMMI-DEV and ISO 15504-10, Uni-REPM SCS consists of a much bigger number 

of safety practices. Uni-REPM SCS has the best coverage of safety practices as Uni-REPM SCS consists 

of 148 practices, whilst +SAFE-CMMI-DEV and ISO 15504-10 only consist of 20 and 26 safety 

practices respectively.  

In Uni-REPM SCS, the 148 practices are split up into 14 process areas: Safety knowledge management, 

safety tool support, general safety management, safety planning, safety configuration management, 

safety communication, safety traceability, supplier management, preliminary safety analysis, failure 

handling, safety certification, human factors, safety documentation, safety validation and verification. 
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+SAFE-CMMI-DEV only consists of two process areas (safety management and safety engineering) 

and ISO 15504-10 consists of three process areas (safety management, safety engineering and safety 

qualification). Uni-REPM SCS thus assesses the RE phase in a much broader context.  

In contrast to Uni-REPM SCS, both SAFE-CMMI-DEV and ISO 15504-10 rank the maturity of the 

processes on a scale from 1 to 5. This could be explained by the fact that ISO 15504-10 is linked to 

SAFE-CMMI-DEV in terms of safety standards. Uni-REPM SCS differs as it ranks the maturity on a 

scale from 1 to 3. This should make Uni-REPM better usable as the differences between the maturity 

levels are bigger. Therefore, it is clearer why an action should belong to a certain maturity level. 

Furthermore, Uni-REPM SCS is unique, since it can be used to assess the RE process for both bespoke 

and market-driven RE. Bespoke RE is related to the development of a customized software system for 

a specific customer. Uni-REPM SCS was developed because no other maturity model existed that 

covered both types of RE. +SAFE-CMMI-DEV and ISO 15504-10 only consider bespoke RE (Vilela, 

Castro, Martins, & Gorschek, 2018b), which makes Uni-REPM SCS applicable in a broader context of 

the industry. 

At last, only +SAFE-CMMI-DEV has been validated dynamically in academics. In the literature study 

prior to this master thesis, no articles were found in relation with the dynamic validation of Uni-REPM 

SCS and ISO 15504-10. Only a static validation of Uni-REPM SCS could be found. This was executed 

by Vilela et al. (2018b). The base models, Uni-REPM and ISO 15504, have been validated in academics 

and these indicate a high level of applicability for the base models (Emam & Birk, 2000; Goesten, 2018; 

Nguyen, 2010; Svahnberg et al., 2013). Since Uni-REPM SCS and ISO 15504-10 are both extensions, 

it is likely that these are applicable as well. However, for certainty, they need to be tested in industry. 
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Table 2 - Summary of most important safety maturity models 

 +SAFE-CMMI-DEV ISO 15504-10 Uni-REPM SCS 

Developed 2001 2011 2017 

Last update/review 2007 (v1.2) 2019 2018 

Scope Safety in the complete SCS’s lifecycle  Safety in the complete SCS’s life cycle  Safety in RE phase 

Process areas Safety management 

Safety engineering 

Safety management 

Safety engineering 

Safety qualification 

Safety knowledge management, safety tool support, general 

safety management, safety planning, safety configuration 

management, safety communication, safety traceability, 

supplier management, preliminary safety analysis, failure 

handling, safety certification, human factors, safety 

documentation, safety validation and verification 

Number of practices 20 26 148 

Link to safety standards Australian Defense Standard. 

Contemporary safety standards, e.g. 

IEC’s Safety of Machinery, U.S. military 

standard, U.K. Defence Standard and 

domain-specific safety standards were 

feasible 

IEC 61508 

+SAFE 

IEC 60880 

UK MoD Def Stan 00-56 

ISO 26262 

ISO 61508, ECSS-E-HB-40A, MIL-STD-882C, ISO 

14639-1, ISO/TR 14639-2, ISO 26262-6, ISO 15998, ISO 

14639-1, ISO/TS 15998-2, MIL-STD-882D, MIL-STD-

882E, ECSS-E-ST-40C, ISO 13849-1, ISO 13849-2 

Number of maturity levels 5 5 3 

Dynamically validated in 

literature 

Yes No No 

Context Bespoke RE Bespoke RE Bespoke + market-driven RE 

Domain dependent No No No 

Strengths Covers entire project lifecycle Covers entire project lifecycle Very deetailed 

Weaknesses Not very detailed Not very detailed Only covers RE phase 
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3. RESEARCH DESIGN 

A case study is an empirical method aimed at investigating contemporary phenomena in their context (Yin, 

2003). As explained in section 1, in this study, a case study is conducted to dynamically validate both Uni-

REPM and Uni-REPM SCS. With dynamic validation, the maturity models are applied in an industrial 

context in order to evaluate the models under realistic conditions and to identify where further improvements 

are needed before conducting full scale tests (Gorschek et al., 2006). By dynamically validating the maturity 

models, it is aimed to explore the validity and reliability of Uni-REPM and Uni-REPM SCS, and to explore 

their applicability and acceptance in a medical SCS development company. Furthermore, it is aimed to 

identify improvements for the maturity models. The structure of the case study is based on the five major 

process steps in case studies (Runeson & Höst, 2009). These process steps are case study design, preparation 

for data collection, data collection, analysis and reporting. In order to understand the context in which the 

case study was conducted, the scope of the case study will be presented first. Afterwards, as depicted in 

Figure 3, this chapter covers the case study design, preparation for data collection, data collection and the 

data analysis. The results of this case study will be discussed in the next chapter. 
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Figure 3 – Structure of the case study 
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 SCOPE 

With Uni-REPM and Uni-REPM SCS, (safety) requirements engineering processes were evaluated at a 

European company that develops medical safety-critical systems. The RE processes of two recently finished 

projects were assessed in this case study. In this thesis, these projects are called Project V and Project A. 

Project V has more focus on hardware than on software. However, also new software is released in this 

project. Project A, in contrast to Project V, has more focus on software. 

In this case study, the two cases were the RE process of the two projects. It was chosen to assess the (safety) 

RE processes of two projects, since it would become clearer to what extent the maturity models are 

applicable to different projects, with different scopes and different focus points (e.g. more software focus 

versus more hardware focus). Although, in literature, there is more focus on software requirements than on 

hardware requirements, Uni-REPM and Uni-REPM SCS can be used for both the software and hardware 

RE process. This holds, since it was developed to be used to assess RE process of (safety-critical) systems, 

which include both hardware and software. 

In both projects, many employees with different functions were involved. Examples are: a program manager, 

a lead designer (often a system engineer), project manager, Q&R leader, hardware leader, software leader, 

service leader, configuration manager, etcetera. System engineers execute large parts of the RE process on 

system-level to develop the system requirements and subsequently, subsystem requirements. When these 

subsystem requirements are developed, component engineers develop more detailed requirements for a 

specific component. These component engineers could either be specialized in software or hardware. 

Component engineers thus execute the RE process level on either software- or hardware level. In the RE 

process, the company has its own procedures that meet specific norms. In these procedures, the developers 

make use of a development standard: ISO 13485. For safety engineering, the safety standard ISO 14971 is 

used. This is an ISO standard for the application of risk management to medical devices. 

In the company, the product development lifecycle methodology (PDLM) is based on the V-model. The V-

model consists of the following phases: ‘concept of operations’, ‘requirements and architecture’, ‘detailed 

design’, ‘implementation’, ‘integration, test and verification’, ‘system verification and validation’ and 

‘operation and maintenance’. To go from one phase to another, a gate needs to be passed that is preceded 

by a milestone that checks the completeness of the deliverables. Using this V-model ensures the right 

balance between development and verification in the PDLM process. In this PDLM process, there is an agile 

way of working, where an Application Lifecycle Management (ALM) tool is used for assistance in the 

requirements engineering process. 
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 CASE STUDY DESIGN 

In literature, the Technology Transfer Model by Gorschek, Garre, Larsson and Wohlin (2006), depicted in 

Figure 4, is used as a guide to release a solution related to a problem in the industry. It was developed to 

validate academic research results in a real setting in the context requirements engineering and/or product 

management. To release a candidate solution (in this case Uni-REPM and Uni-REPM SCS) in industry, it 

needs to be validated statically (step 5) and dynamically (step 6). Definitions of static and dynamic 

validation can be found in section VIII. 

 

Figure 4 - Technology transfer model (Gorschek et al., 2006) 

In this case study, Uni-REPM and Uni-REPM SCS were dynamically validated, and thus applied, at the 

medical company. The maturity models were used to assess and improve the (safety) requirements 

engineering process, but more importantly: to evaluate them under realistic conditions to find possible 

improvements for the maturity models.  

At first, the maturity models were used at the medical SCS development company, which led to the 

assessment of its (safety) RE process. Afterwards, the maturity models were dynamically validated to decide 

whether the maturity models are actually valid and reliable, and whether they are applicable and accepted 

by potential users in a company developing medical safety-critical systems. The data was mainly gathered 

by conducting semi-structured interviews and by constructing statements that assess different constructs 

related to the acceptance of the models. Furthermore, possible improvements for the maturity models were 
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identified in the semi-structured interviews. By doing these steps, the research questions (stated in section 

1.2) were answered. 

For the case study, first,  the two projects were chosen (Project A and Project V, see section 3.1). Afterwards, 

employees who were involved in (one of) the projects and were familiar with the RE process of (one of) the 

projects were asked to participate in the case study. In Table 3, the participants per project and per maturity 

model are listed. In Table 4, more information about the participants is given.  

Table 3 – Participants in the case study 

Project / Maturity model Uni-REPM Uni-REPM SCS 

Project A Participant P + Participant A Participant P + Participant A 

Project V Participant P + Participant M Participant G + Participant M 
 

Table 4 - Additional information about the participants 

 Participant A Participant G Participant M Participant P 

Function Verification 

engineer 

System engineer Verification 

engineer 

System 

engineer 

Expertise - Risk management 

+ hardware 

- Requirements 

engineering 

Years in function 5 years 22 years 7 years 4 years 

Years in company 18 years 34 years 33 years 19 years 

 

 Data gathering techniques 

Multiple data gathering techniques were used to collect data from the participants. Below, the techniques 

are discussed. In section 3.3 (Preparation for data collection), the planned steps are explained in more detail.  

- Questionnaire 

Questionnaires that were used are the checklists of Uni-REPM and Uni-REPM SCS. The most 

recent checklists were used: the checklists that belong to Uni-REPM 0.9 CR and Uni-REPM SCS 

v0.2. However, to increase to confidentiality of this case study, the questions of these checklists 

were listed in an Excel file. The Excel file did not differ from the official checklist from 

unirepm.com. It consisted of the same MPAs, SPAs, questions, answer options and possibilities to 

comment on actions. In addition, questions were included in the Excel file to test the maturity 

models on several constructs. These constructs will be elaborated in section 3.2.2.  

Another questionnaire was used to assess the improvements proposed by Uni-REPM and Uni-

REPM SCS and to assess the used improvement path. This questionnaire was filled in by the head 
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of system engineering and a senior system engineer, as both are very familiar with the (safety) RE 

process and have the power to improve or implement actions. 

 

- Structured and semi-structured interviews 

Since participants could fill in the checklists differently (e.g. because a participant was not 

knowledgeable enough to answer a certain question correctly, or because the participant interpreted 

the question differently), evidence was needed to get objective results from the assessments. The 

focus was on questions that were answered differently. Questions that were answered similarly were 

assumed to be filled in correctly. To get the evidence, structured interviews were conducted. 

After the evidence was found, semi-structured interviews were conducted to dynamically validate 

the maturity models and to get in-depth information about the constructs (from section 3.2.2) the 

maturity models were assessed on. Furthermore, suggestions for improving the maturity models 

were asked to answer the third research question. This was done in semi-structured interviews. 

 

- Observation  

During the entire case study, observation was used as an addition the data gathering techniques. 

Mainly behavioral observation was used to assess whether reliable and correct data was collected 

when using the other data gathering techniques.  

By using these three data gathering techniques, the main steps of this case study were executed. These main 

steps were: 

- Participants filling in the checklists to assess the RE process of the two projects (questionnaire, 

observation); 

- Asking the participants for evidence for questions that were answered differently (structured interview, 

observation); 

- Validation of Uni-REPM and Uni-REPM SCS in the medical SCS development company, based on the 

following constructs: validity, reliability, applicability, perceived ease of use, perceived usefulness and 

intention to use (questionnaire, semi-structured interview, observation). 

- Assessment of the improvement path of Uni-REPM and Uni-REPM SCS and the resulting 

improvements from the assessments (questionnaire) 

  Constructs for validation 

In this case study, Uni-REPM and Uni-REPM SCS were assessed on multiple constructs. These are 

elaborated below. 
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3.2.2.1 Validity and reliability 

De Bruin et al. (2005) describe that maturity models need to be tested on validity, reliability and 

generalizability. Tarhan et al. (2015) also note the importance of the validity of maturity models. 

Generalizability is an open issue for Uni-REPM SCS until it is tested in multiple domains. Therefore, 

generalizability is not considered extensively in this case study. To be able to answer the first research 

question, Uni-REPM and Uni-REPM SCS were assessed on its validity and reliability in this case study in 

the medical device industry. To test the maturity models on validity and reliability, both the construct of the 

models and the model’s instrument were evaluated.  

The reliability of the assessments was calculated by calculating the Cohen’s Kappa coefficient (κ, 

hereinafter referred to as ‘Kappa score’). This score gives the inter-rater reliability, which is the degree of 

agreement among raters. The higher the Kappa score, the higher the agreement between the assessors and 

thus, the higher the reliability of the assessments. In section 3.5, it is explained how the Kappa scores can 

be interpreted. The Kappa score was also used to calculate the agreement between a participant and the 

objective results, to know which participants made accurate assessments. 

3.2.2.2 Acceptance and applicability 

To answer the second research question, the Technology Acceptance Model by Davis, Bagozzi and 

Warshaw (1989) was used. This model is illustrated in Figure 5. Although it was developed to model how 

users come to accept and use a technology, like an information system, it can also be used for the acceptance 

of maturity models. There are clear parallels between user acceptance of information systems and 

practitioner adoption of methods. Both are subject to individual choice: users make decisions about what 

systems they will use and practitioners make decisions about what methods they will use. Therefore, they 

are both the result of reasoned action (Moody, 2003).  

The three primary constructs of the technology acceptance model are ‘perceived usefulness’ (PU), 

‘perceived ease of use’ (PEU) and ‘intention to use’ (IU, named as ‘behavioral intention’ in Figure 5), which 

are defined in section VIII on page X. These constructs were used to assess Uni-REPM and Uni-REPM SCS 

in the medical company that develops safety-critical systems. PU, PEU and IU were operationalized by 

using multiple statements. Participants could express their level of agreement with each statement on a 5-

point Likert scale from 1 (strongly disagree) to 5 (strongly agree). The entire maturity models were assessed 

on PU, PEU and IU. In addition, each SPA was also assessed on PU and PEU to get to know which SPAs 

add value to the maturity model. 
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Figure 5 - The Technology Acceptance Model by Davis et al. (1989). 

Besides assessing Uni-REPM and Uni-REPM SCS on PU, PEU and IU, the models were assessed on their 

applicability in a company that develops safety-critical medical systems. The applicability of Uni-REPM or 

Uni-REPM SCS for assessing the RE process of a project was calculated by the following formula: 

𝐴𝑝𝑝𝑙𝑖𝑐𝑎𝑏𝑖𝑙𝑖𝑡𝑦 = 1 − 
𝑄𝑢𝑒𝑠𝑡𝑖𝑜𝑛𝑠 𝑎𝑛𝑠𝑤𝑒𝑟𝑒𝑑 𝑤𝑖𝑡ℎ ′𝑖𝑛𝑎𝑝𝑝𝑙𝑖𝑐𝑎𝑏𝑙𝑒′ 

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑞𝑢𝑒𝑠𝑡𝑖𝑜𝑛𝑠
   (1) 

In this equation, ‘Total number of questions’ is equal to 74 and 148 for Uni-REPM and Uni-REPM SCS, 

respectively.  

Furthermore, the reason why a question of the maturity model was answered with inapplicable was 

examined. By doing this, it became clear whether it was the industry, company, project or another factor 

was the reason for inapplicability of a question and so, conditions are known when the maturity models 

could be more applicable.  
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 PREPARATION FOR DATA COLLECTION 

Before data is collected, the data gathering techniques need to be prepared well. Therefore, it has to be 

known what is done, why it is done, how it is done and when it is done. In this section, preparations will be 

done for the data collection. First, a little description is given on the data gathering techniques. Afterwards, 

it is described how the questionnaires and interviews were prepared to be certain the right data was collected 

and the data was collected well. 

 Data gathering techniques 

Triangulation assures the validity of case study through the use of a variety of data gathering techniques to 

collect data on the same topic. To ensure triangulation, three types of data gathering techniques were used. 

These are explained below. 

3.3.1.1 Questionnaire 

A questionnaire is ‘a document containing questions and other types of items designed to solicit information 

appropriate to analysis’ (Babbie, 1990). Using a questionnaire has a number of advantages over other data 

gathering techniques: questionnaires are usually inexpensive to administer; very little training is needed to 

develop them; and they can be easily and quickly analyzed once completed. However, there are also some 

disadvantages, for example: lack of adequate time to complete the questionnaire may lead to superficial 

data; lack of personal contact may mean lower response rates  (Wilkinson & Birmingham, 2003). 

Questions in a questionnaire can be approached differently. The most essential approaches of asking 

questions are closed questions, multiple-choice or rank questions, and open-ended questions. Uni-REPM 

and Uni-REPM SCS consist of a collection of multiple-choice questions that need to be answered by 

complete, incomplete or inapplicable. 

3.3.1.2 Structured and semi-structured interviews 

Interviews are an often-used data gathering technique and are mainly used because of the in-depth 

information and details that are gathered. Three types of interviews exist: the unstructured interview, the 

semi-structured interview and the structured interview. In the case study, semi-structured and structured 

interviews were used. Semi-structured interviews have a predefined area for discussion, though there is 

sufficient flexibility to allow the interviewee an opportunity to shape the flow of information (Wilkinson & 

Birmingham, 2003). 

In a structured interview, the interviewer has control over the order of questions, all of which are determined. 

An advantage of a structured interview is that it provides an easier framework for analysis, as the type of 

data will be known beforehand. A disadvantage of the structured interview is that it is not flexible. There is 



24 

 

less flexibility to allow the interviewee an opportunity to shape the flow of information (Wilkinson & 

Birmingham, 2003). 

3.3.1.3 Observation 

Observation is often used as an addition to other data gathering techniques. It is a reliable and valid data 

gathering technique. There are two types of observation: behavioral and non-behavioral observation. 

Behavioral observation focuses on all behavioral actions of participants. Non-behavioral observation 

focuses on other ways of gathering data through observing, such as video recordings, audio tapes, and time 

studies on production processes (Blumberg et al., 2011).  

 Preparation of data gathering techniques 

In this section, it is explained how the described techniques from section 3.3.1 were prepared to collect data 

in this case study. 

3.3.2.1 Questionnaires 

The questionnaires used for the assessment of the (safety) RE process were based on the newest version of 

Uni-REPM and Uni-REPM SCS. For the confidentiality of the data, the entire checklists of Uni-REPM and 

Uni-REPM SCS were placed in an Excel file. The same questions were used, which could be answered by 

the same answer options. In addition, a comment could be placed for each question. A snapshot of the 

questionnaire is displayed in Figure 6. 

 

Figure 6 - Snapshot of the checklist (with random answers) 

To identify the reason why a question is inapplicable, participants were asked to give the reason why they 

answered a question with inapplicable. They could choose: inapplicable due to (1) the medical device 

industry, (2) the company, (3) the project’s focus on software, (4) the project’s focus on hardware, (5) the 

project (other reason) or (6) another reason. In column J of the checklist (see Figure 6), participants needed 

to fill in the right reason for inapplicability of a specific question. 
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For the construct PEU, two statements were drafted per SPA. These statements were based on two keywords 

of PEU: easy to use and understandable (Lytras et al., 2010). Furthermore, for the construct PU, a statement 

was drafted to find out the usefulness of the SPA. The participant could express their level of agreement 

with each statement on a 5-point Likert scale, ranging from 1 (strongly disagree) to 5 (strongly agree).  

To operationalize the constructs PU, PEU and IU, ten additional statements about the whole maturity model 

were drafted. These were drafted, since an entire maturity model might not be useful, even though the 

separate SPAs were considered useful. Following the work in Venkatesh and Davis (2000), four statements 

were used to operationalize PU and PEU, and two statements were used to operationalize IU. The statements 

by Venkatesh and Davis (2000) were modified to accommodate this case study. This was done in line with 

the approach by Moody (2003), which led to both positively and negatively worded statements. The 

statements are displayed in Figure 7. Again, the participant needed to express their level of agreement with 

each statement on a 5-point Likert scale, ranging from 1 (strongly disagree) to 5 (strongly agree).   

The entire questionnaire, including the additional statements for the constructs, was piloted by two 

employees within the company. No big changes were made after these pilots. 

 

Figure 7 – Snapshot of the list of questions about PU, PEU and IU 

The second used questionnaire assessed both the assessment path of Uni-REPM and Uni-REPM SCS and 

the resulting improvements from the assessment. There were five statements which assessed all proposed 

improvements and the assessment path of Uni-REPM and Uni-REPM SCS. These statements were reviewed 

by two employees of the company, but no changes were made. The participant needed to express their level 
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of agreement with each statement on a 5-point Likert scale, ranging from 1 (strongly disagree) to 5 (strongly 

agree).  The statements can be found in APPENDIX D. 

3.3.2.2 Structured and semi-structured interviews 

For each project, the questionnaires of Uni-REPM and Uni-REPM SCS were filled in twice and therefore, 

it was possible participants filled in the questionnaires differently. To get objective answers, evidence was 

needed, which was gathered by conducting structured interviews. Semi-structured interviews were 

conducted to get more in-depth information about the constructs from section 3.2.2. In these interviews, 

also improvements for both maturity models were identified. The semi-structured interviews were audio-

recorded and transcribed, whilst notes were taken during the structured interviews. 

3.3.2.2.1 Evidence 

To get objective results, the results of the checklists needed to be evaluated and evidence was needed that 

supported the answer to a question. By gathering the evidence, it was possible to get objective results. The 

procedure used for gathering evidence was based on SCAMPI C, which is an official appraisal methodology 

for determining a given organization’s CMMI maturity rating. The evaluation method SCAMPI names the 

pieces of evidence Practical Implementation Indicators (PII), of which three types consist: direct artifacts 

(e.g. documents, deliverables), indirect artifacts (e.g. status reports, meeting minutes) and affirmations (e.g. 

interviews, presentation). By searching for one these three types of PIIs in structured interviews, the 

objective answers were found for the questions of the checklists of Uni-REPM and Uni-REPM SCS. To 

limit the number of answers to be evaluated, it was assumed that questions were answered correctly if both 

participants answered a question similarly. Hence, only evidence was collected for questions that were 

answered differently. The template displayed in Table 5 was used in the structured interview where the 

evidence was gathered. 

Table 5 - Template used for gathering evidence 

 

 PII (Objective evidence)  

Action Direct artifacts Indirect artifacts Affirmations Final answer 

Examples ↓     

OS.GA.a1 Documents   Complete 

OS.GA.a2  Status report  Incomplete 

OS.GA.a3   Oral confirmation Inapplicable (5) 
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3.3.2.2.2 Validation of Uni-REPM and Uni-REPM SCS 

For the validation of Uni-REPM and Uni-REPM SCS in the medical device industry, semi-structured 

interviews were conducted. The questions used in these interviews were based on a template by Salah, Paige 

and Cairns (2014). Similar to this case study, the template is normally used to assess maturity models on 

(among others) PEU and PU. Therefore, it was a helpful tool to set up good interview questions.  

The questions were divided in the following sections: validity, reliability, applicability, PEU, PU and IU. 

For reliability, the calculated Kappa scores were used to set up a question. For the other constructs, the 

template by Salah et al. (2014) was used where possible. In case the template was not helpful for the 

validation of the maturity models in this case study, new questions were set up. 

The final questions were reviewed by two employees of the company to ensure accurate data was gathered. 

The questions of the semi-structured interviews can be found in APPENDIX E. 
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 DATA COLLECTION 

In this section, it is described how the data was collected in the case study. 

 Questionnaire 

The first step in collecting data was to introduce the participants to the case study. This introduction was 

individual to ensure that the participants were well informed and understood the goal of the case study, and 

to trigger the willingness to participate in the case study. In the individual meeting, questions could be asked 

about the case study, Uni-REPM or Uni-REPM SCS, or the steps that had to be taken by the participants.  

In this meeting, also the questionnaire was explained. It was explained how the questionnaire needed to be 

filled in with the help of the descriptions of all actions that was provided, what kind of comments could be 

filled in, how the reason of inapplicability needed be filled in and more. 

After the explanation, the remaining time of the meeting was used to make a start on filling in the 

questionnaire. A new meeting was planned if the questionnaire was not filled in completely in the initial 

meeting. In this meeting, the participant had the possibility to ask questions about the questionnaire. 

When completed, the filled in questionnaire was checked whether all questions were answered by complete, 

incomplete or inapplicable, whether the statements were scored on a 5-point Likert scale, and whether the 

reason for inapplicability was given if needed. If adjustments needed to be made, the questionnaire was 

returned to the participant. 

The questionnaire about the improvement path from Uni-REPM and Uni-REPM SCS and the resulted 

improvements was sent by mail to the head of system engineering and a senior system engineer. A brief 

description was included, which made clear what was expected. In case of questions, these questions could 

be asked to the researcher of this case study. Eventually, everything was clear and no question were asked. 

 Structured and semi-structured interviews 

3.4.2.1 Evidence 

Most evidence was gathered in two meetings with Participant P, who was involved in both Project A and 

Project V, and had knowledge of both general RE and safety RE. These meetings had a cumulative length 

of three hours to gather the evidence for questions that were answered differently. Since Participant P was 

involved in both Project A and Project V, he had access to the documents of these projects and he was able 

to show the evidence needed to get to a final answer for each question. In case it was observed that 

Participant P was not able to give a convincing answer, the other participants were asked to give evidence. 

However, this was not needed for many questions. 
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The results of this step can be found in APPENDIX A. 

3.4.2.2 Validation of Uni-REPM and Uni-REPM SCS 

The goal of the semi-structured interviews was to dynamically validate Uni-REPM and Uni-REPM SCS in 

a medical SCS development company and to identify improvements for these maturity models. The semi-

structured interviews were conducted one-on-one, to get the best possible information from each participant. 

Although 1.5 hours were reserved, it took on average 45 minutes to get answers to all questions. The answers 

of the participants were audio recorded to avoid misunderstandings and to prevent loss of data.  

 Observation 

Observation was used throughout the whole case study. More specific, behavioral observation was used to 

gather data. This was mainly used in both types of interviews. In the structured interviews, it was observed 

whether the gathered evidence was convincing. If it was not convincing, other type of evidence was needed. 

In the semi-structured interviews, it was used to measure the attitude of the participants. In case a participant 

said something different than what was expected by observing his attitude, additional questions were asked 

to find out what the participant really thought.  

Observation was thus mainly used to add, change or remove qualitative data from the other data gathering 

techniques. 
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 DATA ANALYSIS 

For analyzing the gathered quantitative data from the questionnaires (data from assessments of the projects, 

all gathered values for the statements of PEU, PU, IU and the improvement path of the maturity models), 

mainly Microsoft Excel 2016 was used. In this spreadsheet program, it was easy to compare assessments 

and to find differences in the assessments. This was needed to know what questions needed evidence to get 

an objective assessment, as only evidence was gathered for questions that were answered differently. 

In Excel, graphs were made to get a quick overview of the maturity of the (safety) RE process. These were 

based on the graphs from Svahnberg et al. (2013), where the results of the assessment were displayed per 

maturity level and per MPA. With this type of graph, it is easy to see to what maturity level a specific MPA 

belongs, and how many actions still need to be improved or implemented before the maturity level of a 

specific MPA increases. 

For PEU, PU and IU, ten statements were drafted, of which four belonged to PEU, four to PU and two to 

IU. Prior to the analysis of the results of these statements, a reliability analysis was conducted on the 

statements in the program IBM SPSS Statistics 25. The resulting Cronbach’s alpha needed to be above 0.7 

to indicate acceptable reliability of the constructs (Nunnally & Bernstein, 1995). For all constructs, this 

acceptability level was exceeded as the Cronbach’s alphas were 0.862, 0.957 and 0.975 for PEU, PU and 

IU respectively. Hence, the data was reliable to use. Afterwards, graphs were made about the PEU, PU and 

IU of both maturity models in a medical SCS development company. These graphs were based on graphs 

used in an article by Schriek et al. (2016). 

For the reliability of the maturity models, the Kappa scores were calculated in Excel. Kappa scores were 

used to calculate the interrater reliability, thus the agreement between the two participants who used the 

same maturity model and assessed the same project. However, it was also used to calculate the agreement 

between a participant and the objective results to know whether all participants made accurate assessments. 

To interpret the Kappa scores, the magnitude guidelines by Landis and Koch (1977) were used. The labels 

from their guidelines are displayed in Table 6. 

Table 6 - Guidelines for interpreting Kappa scores 

Kappa score < 0.00 0.00 – 0.20 0.21 – 0.40 0.41 – 0.60 0.61 – 0.80 0.81 – 1.00 

Label No 

agreement 

Slight 

agreement 

Fair 

agreement 

Moderate 

agreement 

Substantial 

agreement 

(almost) perfect 

agreement 

 

The applicability of using Uni-REPM or Uni-REPM SC for assessing the RE process of a project in a 

company developing medical SCSs, was calculated by using Equation 1, stated in section 3.2.2.2. 
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To analyze the qualitative information from the semi-structured interviews, the interviews needed to be 

transcribed. The type edited transcription was used, as only relevant parts of the audio file were transcribed. 

By using this type of transcription, the transcript is easier to read and more relevant for the research. The 

transcriptions can be found in APPENDIX F. 
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4. RESEARCH RESULTS 

This chapter consists of four parts: the process maturity assessment results, the validation of Uni-REPM and 

Uni-REPM SCS, improvements for Uni-REPM and Uni-REPM SCS, and the reliability and validity threats 

of this case study. In the section process maturity assessment results, the resulting maturity of the RE process 

of the two projects is displayed. In the validation section, the maturity models are assessed in a medical SCS 

development company on validity, reliability, applicability, PEU, PU and IU. In that section, also 

improvements for (and recommendations for the usage of) the maturity models will be identified as well. 

These improvements are summarized in the succeeding section. In the last section (Reliability and validity 

threats), construct validity, internal validity, external validity and reliability threats are discussed. 

 PROCESS MATURITY ASSESSMENT RESULTS 

In this section, the results of the assessments are displayed. A distinction is made between the two projects 

of which the RE process was used in the assessment.  

 Project A 

As an example, the results of Participant P’s assessment are displayed below in Figure 8. The results of the 

other participants can be found in APPENDIX C. The graphs show the number of actions that were answered 

by complete, incomplete and inapplicable per maturity level and per MPA. The abbreviations used in the 

figures are defined in chapter VII on page IX. 

 

Figure 8 – The RE process of Project A assessed by Participant P (Uni-REPM) 
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The graphs in APPENDIX C give a good overview which MPAs can be considered mature, and which 

cannot be considered mature. However, they do not give a lot of detailed information about what exactly is 

wrong. Looking to the graphs does not give an impression what should be done to improve a specific MPA.  

When comparing the assessments of Project A, it is striking that there are significant differences between 

the individual assessments. This was the case when using both Uni-REPM and Uni-REPM SCS as an 

assessment tool, which were both used by Participant P and Participant A. Furthermore, it is striking that 

both assessments by Participant A are almost completely positive, since in both cases, only one question 

was answered with inapplicable and all other questions were answered with complete. As there are many 

differences in the assessment of Project A by using the same maturity model, objective evidence was needed 

to get the best possible results for the assessment. This will be discussed in section 4.1.1.1. 

4.1.1.1 Evidence 

Objective evidence was gathered for questions that were answered differently by the participants who 

assessed Project A. In case of Uni-REPM, 20 percent of the questions were answered differently, whilst 28 

percent was answered differently in case of Uni-REPM SCS. In APPENDIX A, it is shown which kind of 

evidence was gathered for each question that was answered differently. The evidence led to the objective 

results that are displayed in the questionnaire in APPENDIX B. 

In Figure 9 and Figure 10, the objective results of the assessment of Project A’s RE process are displayed 

in graphs. 

 

Figure 9 - Final results of the assessment of Project A’s RE process (Uni-REPM) 
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Figure 10 - Final results of the assessment of Project A’s safety RE process (Uni-REPM SCS) 

When analyzing the results in Figure 9, it results that 4 out of 29 actions were assessed as incomplete in the 

‘basic’ maturity level, 4 out of 30 are incomplete in the ‘intermediate’ maturity level and 4 out of 15 are 
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similar for the results in Figure 10.  

Overall, many actions were assessed to be completed, specifically in the assessment of the safety RE 
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Table 7 - Maturity level per MPA for Project A  

MPA Maturity level  

Uni-REPM 

Maturity level 

Uni-REPM SCS 

Requirements validation 0 1 

Documentation and requirements specification 2 0 

Release planning 2 3 

Requirements analysis 1 0 

Requirements elicitation 1 3 

Requirements process management 0 2 

Organization support 3 1 

 

As displayed in Table 7, the maturity level for a specific MPA depends on the maturity model that was used. 

It is possible that these maturity levels differ, as the maturity models have a different scope. Uni-REPM 

assesses the general RE process, whilst Uni-REPM SCS assesses the safety RE process.  
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 Project V 

The results of the assessments of the RE process of Project V are displayed in graphs in APPENDIX C. 

Similar to the assessment of Project A, the graphs are shown per maturity level and per MPA. Hence, it is 

easy to distinguish and compare the maturity levels of each MPA. The abbreviations used in the graphs are 

defined in chapter VII on page IX. 

When comparing the graphs (see APPENDIX C), it can be seen that Participant M is more negative than 

Participant P (when assessing with Uni-REPM), but Participant M is more positive than Participant G (when 

assessing with Uni-REPM SCS). Similar to the assessment of the (safety) RE process of Project A, evidence 

is needed to get objective results. This will be elaborated in the next section. 

4.1.2.1 Evidence 

Objective evidence was gathered for questions that were answered differently. In case of Uni-REPM, 49 

percent of the questions were answered differently, whilst 30 percent was answered differently in case of 

Uni-REPM SCS. In APPENDIX A, it is shown which kind of evidence was gathered for each question that 

was answered differently. This led to the objective results displayed in the questionnaire in APPENDIX B. 

In Figure 11 and Figure 12, the objective results of the assessment of Project V’s RE process are displayed 

in graphs. 

 

 

Figure 11 - Final results of the assessment of Project V’s RE process (Uni-REPM) 
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Figure 12 - Final results of the assessment of Project V safety RE process (Uni-REPM SCS) 

The assessment results of the RE processes of Project A and Project V are very similar when using the final 

results of Uni-REPM (Figure 9 and Figure 11). Only two actions were assessed differently: DS.GA.a4 and 
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assessed to be incomplete in Project A, whilst being complete in Project A. 

For Project V, the achieved maturity level of each MPA is displayed in Table 8. As the results of the projects 

differ, the maturity levels differ as well. The differences in maturity level between Project V with Project A 

are stated between the brackets. For example, for both DS and RP (Uni-REPM), the maturity level differs 

by one, level 2 in Project A and level 1 in Project V. 

Table 8 – Achieved maturity level per MPA for Project V 
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 VALIDATION OF UNI-REPM AND UNI-REPM SCS 

In this section, the results of the dynamic validation of Uni-REPM and Uni-REPM SCS in a medical SCS 

development company will be discussed. Uni-REPM and Uni-REPM SCS were analyzed on several 

constructs, based on semi-structured interviews and/or statements on which participants needed to express 

their level of agreement. Based on the data, improvements will also be identified in this section. These 

improvements will be summarized in section 4.3. 

 Validity 

According to De Bruin et al. (2005) and Tarhan et al. (2015), both the construct of the model and the model 

instrument (the questionnaire) need to be tested on validity. To have a valid maturity model, the maturity 

model should be complete and accurate to its scope. Construct validity is represented by face validity and 

content validity; instrument validity ensures whether the questionnaire measures what it intends to measure. 

Face validity and content validity are closely related. Face validity assesses whether the maturity model 

“looks valid” to the assessors, whilst content validity is a more critical assessment which tests what the 

maturity model actually measures (De Bruin et al., 2005). 

The model and the questionnaire are closely related, as the questionnaire is developed based on the structure 

of the model, and thus its MPAs, SPAs and actions. On its surface, the interviewees thought both Uni-REPM 

and Uni-REPM SCS are accurate assessment tools for assessing the (safety) RE process in a medical SCS 

development company. Also, they considered the structure of the maturity models to be very clear, which 

helped them when using both models for the first time. 

Also when analyzing Uni-REPM and Uni-REPM SCS more closely, two out of four interviewees did not 

find any improvements to improve the completeness and accuracy of the maturity models for using them in 

a medical SCS development company. Except for Participant G, he was very critical and based on his 

extensive knowledge and experience on hardware and safety, he found shortcomings in Uni-REPM SCS. 

“I experienced that the questionnaire is quite software driven. Software is one of the least risky 

parts of the system. … Hardware is more important than software (in safety terms in our industry, 

red.) and therefore, I think the focus of the model should also be on hardware, more than it is now. 

Uni-REPM SCS did not focus enough on the most important hazards in our industry. As there is a 

lack of focus on hardware, questions (or SPAs or MPAs, red.) should be added to the model to have 

hardware more included. Furthermore, there is a lack of questions about safety regulations. Also 

these should be added to the model.” - Participant G (system engineer) 

Participant G concluded that the focus of Uni-REPM SCS should be on hardware as well. He stated that in 

the medical device industry, the most hazards found their root cause in hardware. Although Uni-REPM SCS 
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was developed to assess and improve the safety RE process of safety-critical systems, and it therefore 

includes actions on both software and hardware, it was indicated that the focus on hardware was not big 

enough. To cover the entire scope of Uni-REPM SCS, the model could be extended with questions that are 

focused on the safety RE process of hardware. When the scope of Uni-REPM SCS is covered completely, 

users of the Uni-REPM SCS will get a better assessment of their safety RE process. 

Furthermore, Participant G mentioned that the RE process in an SCS development company in the medical 

device industry is different compared to other SCS development companies. 

“Furthermore, I experienced that Uni-REPM SCS was developed for a certain type of products, but 

not for medical systems. Therefore, not all activities that are done here in the company are included 

in Uni-REPM SCS. It was an extensive model, but it did not capture all activities that are done.” - 

Participant G (system engineer) 

The quote above implies that it is hard to develop a maturity model that is complete and covers all possible 

RE activities in all industries. Uni-REPM SCS was assessed to be quite complete, but a universal maturity 

model cannot include actions that need to be performed in a specific domain. Therefore, it does not 

necessarily mean that the RE process of a medical company is mature when it meets all actions of this 

maturity model.  

Finally, Participant G and Participant P missed the link to safety regulations that a medical SCS development 

company has to meet. According to them, actions should be included in Uni-REPM SCS that cover these 

safety regulations. However, as regulations are very domain-specific, it is hard to cover them in a maturity 

model which is not considered to be domain specific. To make sure safety regulations are included in the 

maturity model, actions could be added that refer to domain-specific regulations, are about the compliance 

with domain-specific safety regulations and are about the considerations resulting from following a domain-

specific regulation. 

The critics mentioned above were about the maturity model itself, but are important for the model’s 

instrument (the questionnaire) as well, as the model and instrument are closely related to each other. The 

critics by Participant G and Participant P were also checked at the other interviewees. Although they did not 

come up with the critics themselves, they largely agreed with them. 

To conclude, for assessing the RE process in a medical SCS development company, Uni-REPM was 

considered very complete and managed to be very accurate with respect to the identified scope of the model. 

Uni-REPM SCS was quite accurate as well for assessing the safety RE process in a medical SCS 

development company, as it managed to cover big parts of the safety RE process, however it was not fully 

complete. 
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 Reliability 

In this case study, Uni-REPM and Uni-REPM SCS were used to assess the (safety) RE process of two 

projects. The agreement between the participants is calculated by using Kappa scores, but also the agreement 

between the participants and the objective results is calculated. The resulting scores are displayed in Figure 

13. For interpreting the calculated Kappa scores, the magnitude guidelines by Landis and Koch (1977) were 

used. In Table 6 (see section 3.5), it is displayed how the values can be interpreted. 
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Figure 13 - Kappa scores 

As shown in Figure 13, the Kappa scores between the participants are low. For Uni-REPM, the Kappa scores 

are -0.0146 and 0.1300. According to the guidelines by Landis and Koch (1977), these scores indicate that 

there was no agreement and slight agreement among the assessors. The Kappa scores for Uni-REPM SCS 

are -0.0096 (no agreement) and 0.2727 (fair agreement). When comparing Uni-REPM SCS to Uni-REPM, 

the scores of Uni-REPM SCS are a little higher in the assessment of the RE process of Project V, but for 

the assessment of the RE process of Project A, both Uni-REPM and Uni-REPM SCS scored similar. 

The highest agreement for Uni-REPM was labeled as slight agreement and for Uni-REPM SCS, the highest 

was labeled as fair agreement. According to three interviewees, the low reliability was a result of different 

perceptions on the (safety) RE process. This was explained well by Participant G: 

“I think the perception of the person might differ. I think this is mainly because of the functions of the 

participants. Someone who verifies requirements has a very different view on requirements and its 
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processes than someone who elicits or analyses requirements. Furthermore, not everyone is involved 

in the complete RE process, for example someone who only verifies requirements is not very familiar 

with the complete (safety) RE process. Although he knows what happens in big lines, he does not the 

details. This might also lead to the low agreement among the participants.” – Participant G (system 

engineer) 

The function and the knowledge of the assessors is thus considered to be an important reason for unreliable 

assessment results. Obviously, an employee who has performed an action himself knows better whether that 

action is done sufficiently, compared to another employee who has not performed that action himself. 

Therefore, the questionnaire should be filled in by employees who were involved in most (and preferably 

all) parts of the RE process. In addition, it is a good option that employees only fill in the questionnaire for 

MPAs they are familiar with.  

Compared to the Kappa scores between assessors, the Kappa scores between a single assessor and the 

objective results are much higher (see Figure 13). Except for the scores between Participant A and the 

objective results, there was fair agreement (1x), moderate agreement (3x) and substantial agreement (2x). 

The accuracy of the assessments is therefore reasonable. The Kappa scores indicate that the assessors 

(except Participant A) had decent knowledge of the RE process of the projects, however they did not agree 

with each other very often. This implies that probably, answering the questionnaire in a group will be 

beneficial for the results of the assessment. Discussions will be encouraged and consequently, the 

knowledge of assessors is shared. This should lead to more accurate and more reliable results of the 

assessment. 

Another reason for the low Kappa scores are the answer options of Uni-REPM and Uni-REPM SCS. To get 

results that are closer to each other, both Participant M and Participant P opted for more answer options. 

Instead of the answer options complete, incomplete and inapplicable  ̧an additional answer option should 

be added. In the current state of Uni-REPM and Uni-REPM SCS, a question can be answered by incomplete. 

However, it may be sufficiently complete as the action is implemented partially and there is no priority to 

fully implement or improve that specific action. Hence, there should be an option to answer that question 

with sufficiently complete. Currently, actions are assessed differently as some assessors assess an action that 

is sub-optimal as complete, while others assess it as incomplete as the action is could still be improved, even 

though there is no priority to improve it. By adding the new answer option, assessors are likely to choose 

the right answer options, as it is clearer which answer option to choose. 

“The two answer options also lead so more subjective answers. There is always evidence, that 

something has been done well, but also that something has not been done well. By having only two 
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answer options, the subjectivity of the results will increase. I would opt for three answer options, 

besides ‘inapplicable’.” - Participant P (system engineer) 

Although theoretically, an additional answer option could be beneficial for the reliability of the assessment, 

it could also be detrimental to the reliability of the assessment, because the gap between the answer options 

is reduced. It could occur that one assessor chooses complete, while another assessor chooses sufficiently 

complete as ‘nothing’ can be fully complete or done.  

Another option could be to keep the current answer options, but to change the definitions of complete and 

incomplete. Currently, complete is defined as “the action was done in the RE process” and incomplete is 

defined as “the action was deemed vital but was done partially or not done at all in the RE process” (Vilela, 

Castro, Martins, & Gorschek, 2018b). As stated before, sometimes assessors chose for the answer option 

incomplete when an action was sub-optimal, even though there was no priority to improve the action in 

practice. Other chose complete in the same situation. To tackle this, new definitions could be made that have 

a focus on possibly improving the actions:  

Complete: The action was partially or completely done in the RE process, and there is no 

priority to improve the action if it was partially done. 

Incomplete The action was deemed vital but was not done or partially done in the RE process, 

and there is priority to improve the action if it was partially done. 

The new definition of complete is a merge of complete and sufficiently complete, which are used in the other 

identified improvement with three answer options (excluding inapplicable). 

 Applicability 

In the assessments with Uni-REPM and Uni-REPM SCS, respectively 2 (out of 74) and 5 (out of 148) 

questions were answered with inapplicable. This was the same for both Project A and V. The resulting 

applicability for Uni-REPM and Uni-REPM SCS in a medical SCS development company are displayed in 

Table 9. 

Table 9 - Applicability for Uni-REPM and Uni-REPM SCS 

 

 

Respectively 97.30 percent and 96.62 of all questions in the checklists of Uni-REPM and Uni-REPM SCS 

were answered by either complete or incomplete (and not by inapplicable), and therefore, the applicability 

of both maturity models in a medical SCS development company is very high. However, there are still 

 Uni-REPM Uni-REPM SCS 

Applicability 97.30 % 96.62 % 
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actions that were considered inapplicable. In Figure 14, a graph is displayed which gives information why 

an action was assessed as inapplicable. 

 

Figure 14 - Reasons for inapplicability of actions 

Figure 14 shows that from the two actions that were assessed as inapplicable in the assessment with Uni-

REPM, one was inapplicable due to the company and its processes. The other action was inapplicable due 

specific requirements of the assessed projects, however these were not related to the project’s focus on either 

software or hardware. The five actions that were assessed as inapplicable in the assessment with Uni-REPM 

SCS, were inapplicable due to the company and its processes or due to the medical device industry. In Uni-

REPM, no actions were inapplicable due to the medical device industry; in Uni-REPM SCS, only two 

actions were inapplicable due to the medical device industry. This implies that both maturity models are 

likely to be applicable to other SCS development companies in the medical device industry. 

Based on the scores in Table 9, the maturity models are applicable to be used in an SCS development 

company in the medical device industry. Uni-REPM covered its complete scope and has an applicability of 

97.39 percent. However, as mentioned in section 4.2.1 (Validity), Uni-REPM SCS was not considered to 

be fully complete for assessing the RE process in an SCS development company in the medical device 

industry. As it does not cover the complete safety RE process, Uni-REPM SCS cannot be seen as fully 

applicable to an SCS development company in the medical device industry. The results of the assessment 

will not be complete, and therefore, Uni-REPM SCS does not assess how mature the complete safety RE 

process is. 

 Perceived ease of use 

The PEU of the entire maturity models was measured by four statements, where participants needed to 

express their level of agreement with each statement on a 5-point Likert scale, ranging from 1 (strongly 

disagree) to 5 (strongly agree). 
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Below, in Figure 15 and Figure 16, the scores for PEU are displayed for the (entire) maturity models. For 

Uni-REPM, the scores were a bit higher than the scores for Uni-REPM SCS. However, the most negative 

scores for Uni-REPM SCS (strongly disagree and disagree) were all from Participant G, who was the only 

participant who did not use Uni-REPM. When only considering the results of the participants who used both 

maturity models, the results for PEU for both Uni-REPM and Uni-REPM SCS are similar: both maturity 

models were considered to be reasonable easy to use. 

 

Figure 15 - Scores for perceived ease of use of the entire model (Uni-REPM) 

 

 

Furthermore, each SPA was scored on easiness to answer and understandability, as these are based on two 

keywords of PEU. The descriptive statistics for easiness to answer and understandability are displayed in 

Table 10 and Table 11. The input of the descriptive analysis was the average easiness to answer or average 

understandability of each SPA. 
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Figure 16 - Scores for perceived ease of use of the entire model (Uni-REPM SCS) 
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The averages for the easiness to answer and understandability per SPA are similar to the average ease of 

use of the entire model. For easiness to answer, Uni-REPM scored high with a score of 3.81, whilst Uni-

REPM scored a little lower. Except from the SPA “Safety tool support” from Uni-REPM SCS, all SPAs 

scored at least a 3.00 on a scale from 1 to 5. For understandability, again, Uni-REPM scored a little higher 

than Uni-REPM SCS: 3.70 compared to 3.16. Both models scored reasonable high and both had a minimum 

of 2.75, which implies that all SPAs were at least reasonable understandable for the participants of this case 

study. 

Table 10 - Descriptive statistics on the average easiness to answer per SPA 

Easiness to answer Average Standard deviation Minimum Maximum 

Uni-REPM  3.81 0.29 3.33 4.00 

Uni-REPM SCS 3.46 0.31 2.75 4.00 

 

Table 11 - Descriptive statistics on the average understandability per SPA 

Understandability Average Standard deviation Minimum Maximum 

Uni-REPM  3.70 0.20 2.75 4.00 

Uni-REPM SCS 3.16 0.29 2.75 3.75 

 

In the interviews, all participants confirmed that the maturity models were easy to use. Some questions were 

not very understandable, which was mainly because of the terminology that was used in the maturity models 

and its questions. Furthermore, there were some difficulties from switching from theory to practice. 

However, with the given Pdf-file with an extended description of each action, both ‘problems’ were solved 

and almost all questions were well understandable.  

As there were no big difficulties in using the maturity models, the participants perceived the total time 

needed to fill in the questionnaire as relatively short. For Uni-REPM, the average time needed was 42.33 

minutes (standard deviation = 7.59). For Uni-REPM SCS, the average time needed was longer, as it consists 

of many more of questions: 64.25 minutes (standard deviation = 22.00). 

As both maturity models were easy to use, no big improvements were suggested. A little improvement was 

suggested by Participant A, who opted to add the description of an action to its corresponding question. This 

would save time, and it would reduce the chance of misunderstandings about questions. For example, action 

RV.GA.a4 (‘organize inspections’) was in first instance understood as an external inspection by Participant 

P. However, the description states that people with different perceptions (e.g. customer, analyst, developer, 
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tester) need to be involved. By adding the description to each question, assessors are more likely to read the 

description, which will lead to less misunderstanding. 

Figure 15, Figure 16, Table 10 and Table 11 show that Uni-REPM and Uni-REPM SCS were reasonably 

easy to use when assessing the (safety) RE process in a medical SCS development company. In this case 

study, Uni-REPM and Uni-REPM SCS were not used to improve the (safety) RE process. However, 

improvements, that were based on the assessment, were proposed to the head of system engineering and a 

senior system engineer of the company where the case study was conducted. On a scale from 1 to 5, the 

average expected easiness to implement the improvements scored a 3. It would cost significant effort, which 

would make the implementation of the improvements difficult, either cost-wise or effort-wise. 

 Perceived usefulness 

The participants in this case study were skeptical about the usefulness of the Uni-REPM and Uni-REPM 

SCS as an assessment tool in an SCS development company in the medical device industry. As shown in 

Figure 17 and Figure 18, Uni-REPM scores little higher than Uni-REPM SCS when assessing the PU of the 

entire maturity models. However, this is mainly due to Participant G, who only used Uni-REPM SCS. He 

gave the lowest scores for each statement when assessing the usefulness of Uni-REPM SCS. When looking 

to the scores of the participants who used both maturity models, the scores for Uni-REPM and Uni-REPM 

SCS are similar. Hence, there is no (big) difference in PU between Uni-REPM and Uni-REPM SCS in a 

medical SCS development company. 

 

Figure 17 - Scores for perceived usefulness of the entire model (Uni-REPM) 
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Figure 18 - Scores for perceived usefulness of the entire model (Uni-REPM SCS) 

Table 12 shows the descriptive analysis of the average usefulness of each SPA for assessing the (safety) RE 

process of a medical SCS development company. When considering the scores for the separate SPAs, on 

average, there is a gap of 0.87 between Uni-REPM and Uni-REPM SCS, in favor of Uni-REPM. The 

difference between the SPAs is small, as the difference between the minimum and maximum average score 

per SPA is only 0.67 for Uni-REPM and 0.75 for Uni-REPM SCS. The scores imply that there is no SPA 

that deviates a lot from the other SPAs of the same maturity model, when considering its usefulness. Based 

on the scores of the usefulness of the SPAs, none of the SPAs need to be left out of the model. 

Table 12 - Descriptive statistics on the average usefulness per SPA 

Usefulness Average Standard deviation Minimum Maximum 

Uni-REPM  3.78 0.25 3.33 4 

Uni-REPM SCS 2.91 0.31 2.50 3.25 

 

To make Uni-REPM and Uni-REPM SCS more useful as an assessment tool in a medical SCS development 

company, improvements on the answer options were suggested. As described in section 4.2.2 (Reliability), 

there could be an additional answer options. Although the developers of the models wanted to make a clear 

distinction between the answer options (complete vs. incomplete), three out of four interviewees opted for 

an additional answer option: sufficiently complete. This new answer option would give more clarity to what 

extent an action already is implemented and which actions need to be improved first, as incomplete actions 

need to be improved or implemented before the sufficiently complete actions are improved. Also the other 

suggested answer options with new definitions for complete and incomplete should give more clarity which 

actions need to be improved, as all incomplete actions need to improved. In the current situation, incomplete 

actions (those which are partially done) could be sufficiently complete in practice. 
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The interviewees did not agree with each other on the preferred number of maturity levels. Two interviewees 

preferred the current number of maturity levels: three (basic, intermediate and advanced), as too many 

maturity levels lead to reduced fluidity of the RE process. One interviewee preferred as many maturity levels 

as possible, because actions will become clustered in the same maturity level, as there are too few maturity 

levels. The other interviewee did not have preferences, as he did not consider maturity levels to be useful 

for improving the (safety) RE process.  

Based on the scores of the usefulness of the entire model for a medical SCS development company (see 

Figure 17 and Figure 18), the participants can be considered as skeptical about the usefulness of the maturity 

models as assessment tool. In the interviews, the participants made clear that some actions in the maturity 

models could be useful in a medical SCS development company, but not all.  

“Some actions that were assessed to be incomplete are useful, however there are also some actions 

that I think are not useful at all.” - Participant P (system engineer) 

To know whether Uni-REPM and Uni-REPM SCS are useful as an improvement tool in a medical SCS 

development company, a questionnaire was made (see APPENDIX D) and filled in by the head of system 

engineering and a senior system engineer of the company. The proposed improvements were seen as 

reasonably valuable (average score: 3 out of 5) for the company, but not very cheap in terms of money or 

effort (average score: 1.5 out of 5). Assessing and improving the RE process by using Uni-REPM and Uni-

REPM SCS could be beneficial for the company (average score: 3.5 out of 5). However, as not all actions 

were considered to be useful, and most of the actions are expected to be costly to implement, literally 

following the improvement path of Uni-REPM and Uni-REPM SCS was not considered to be very useful 

in all circumstances (average score 3 out of 5). It was argued that actions that were assessed to be incomplete, 

should be considered to be implemented, but the additional value for the organization and the costs of 

implementing the action should be taken into account when implementing the action. This was also 

concluded in the semi-structured interviews. 

An organization always needs a vision what to improve. With this model, I think you have such 

vision. However you should not fully focus on what the model says that should be done. Some actions 

could be beneficial to implement, but others could not be beneficial. As said before, implementing 

too many actions will hurt other processes. Therefore, literally following the improvement path of 

Uni-REPM and Uni-REPM SCS is not very useful. – Participant M (verification engineer) 

In the questionnaire about the improvements and the improvement path of Uni-REPM and Uni-REPM SCS 

(see APPENDIX D), both the head of system engineering and the senior system engineer of the company 

stated that it is wise to prioritize incomplete actions, based on cost/effort and value/benefit. They argued 
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that the improvement path of Uni-REPM and Uni-REPM SCS could be used as guidelines which actions to 

improve or implement first, but decisions should be made based on the cost/effort and value/benefit of 

improving or implementing the incomplete actions. To include the cost/effort and value/benefit in the 

maturity model and its questionnaire, it was proposed to add two additional columns in the Excel file with 

cost/effort and value/benefit. In the official tool on website unirepm.com, boxes should be placed instead of 

the two columns. In these columns or boxes, it should be possible to estimate the cost/effort and 

value/benefit for every action that was assessed to be incomplete. This estimation could be on a scale from 

1 (low) to 10 (high). As the cost/effort and value/benefit are different for every organization, it is proposed 

that these values are estimated by the assessors themselves, and should not be estimated by people outside 

the organization, e.g. the developers of Uni-REPM and Uni-REPM SCS. 

 Intention to use 

In Figure 19 and Figure 20, the scores about the intention to use the maturity models in the future are 

displayed. Both Uni-REPM and Uni-REPM SCS are not likely to be used by the participants in this case 

study, as the scores of intention to use are respectively 2.67 and 2.38.  

 

Figure 19 - Scores for intention to use (Uni-REPM) 

 

Figure 20 - Scores for intention to use (Uni-REPM SCS) 
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In the semi-structured interviews, it was made clear that an important reason for not being positive to use 

Uni-REPM or Uni-REPM SCS was that the interviewees did not know which alternatives existed and which 

already had been proven to be useful maturity models. Therefore, it was hard for them whether they would 

prefer these maturity models above others. 

In addition, a maturity model that focuses solely on the RE process, was not preferred by two of the 

interviewees. The relation between requirements and design is considered to be very important, especially 

because the difference between requirements and design can be vague in practice. To consider using a 

maturity model, the two interviewees wanted to have a maturity model with a scope that includes both the 

RE and the design phase of the development of an SCS.  

For safety, the safety standard ISO 149791 is used at the company. This safety standard does not start with 

requirements engineering. According to Participant G, hazard analysis is considered more important than 

requirements, as hazard analysis has a direct impact on the safety of a product. Uni-REPM SCS does not 

directly ensure the safety of a product, and therefore, two of the interviewees did not intend to use Uni-

REPM SCS.  

At last, it is believed that literally following the improvement path for improving the (safety) RE process is 

not very beneficial for a company developing medical SCSs. If one of the models is used, decisions have to 

be made which actions need to be implemented and which have to be left out. In case Uni-REPM and Uni-

REPM SCS are used to improve the RE process as it is suggested by the models’ developers (by going from 

maturity level 1, to level 2, to level 3), the interviewees do not intend to use the maturity models as it is 

expected not to be beneficial for the company. However, the intention of using the models was higher if 

‘incomplete’ actions were assessed individually on its usefulness, because then only actions would be 

implemented which were considered to be beneficial for the company.  
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 IMPROVEMENTS FOR UNI-REPM AND UNI-REPM SCS 

In the semi-structured interviews for validating Uni-REPM and Uni-REPM SCS, suggestions were made to 

improve the maturity models or to improve the usage of the maturity models. The most improvements for 

Uni-REPM and Uni-REPM SCS are stated in this section to get a better overview of the suggested 

improvements. These improvements directly follow the suggested improvements stated in section 4.2. The 

first three are improvements for the maturity models (and their questionnaires) themselves. The last two can 

be considered recommendations for using the maturity models (and their questionnaires). 

1. The answer options should be changed. 

Two suggestions were made to change the answer options of the questionnaire of Uni-REPM and Uni-

REPM SCS. 

a. An answer option should be added: sufficiently complete. 

Currently, questions can be considered binary if the questions are applicable to the company. In the semi-

structured interviews, it was opted to add an answer option to the questionnaire. This answer option could 

be sufficiently complete. In the current state of the maturity models, questions need to be answered by either 

complete, incomplete or inapplicable. Currently, actions are assessed differently as some assessors assess 

an action that is sub-optimal as complete, while others assess it as incomplete as the action could still be 

improved. By adding the new answer option, assessors are likely to choose the right answer options, as it is 

clearer which answer option to choose in case an action is implemented sub-optimally. This should increase 

the reliability and usefulness of the maturity models. 

b.  The definitions of complete and incomplete should be changed. 

Another option could be to keep the current answer options, but to change the definition of complete and 

incomplete. Currently, complete is defined as “the action was done in the RE process” and incomplete is 

defined as “the action was deemed vital but was done partially or not done at all in the RE process” (Vilela, 

Castro, Martins, & Gorschek, 2018b). As stated before, sometimes assessors chose for the answer option 

incomplete when an action was sub-optimal, even though there was no priority to improve the action in 

practice. Others chose complete for the same situation. To tackle this, new definitions could be made that 

have a focus on possibly improving the actions:  

Complete: The action was partially or completely done in the RE process, and there is no priority to 

improve the action if it was partially done. 
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Incomplete: The action was deemed vital but not done or partially done in the RE process, and there is 

priority to improve the action if it was partially done. 

The new definition of complete is a merge of complete and sufficiently complete that are used in the other 

identified improvement (improvement 1a) with three answer options (excluding inapplicable). It should 

make the assessments with Uni-REPM and Uni-REPM SCS more reliable. 

2. Actions should be added to Uni-REPM SCS that are related to safety regulations and hardware. 

Uni-REPM SCS was not assessed to be complete for assessing the safety RE process in a company that 

develops medical SCSs, as it lacked links to safety regulations and the focus was too much on software, 

instead of the hardware of safety-critical systems. It was argued that in the medical device industry, most 

hazards found their root cause in hardware. Therefore, a lot of attention is needed to avoid these hazards. 

More actions should be included that link to hardware, as this will increase the completeness of Uni-REPM 

SCS and it will lead to a maturity model that is more useful in a medical SCS development company. 

Furthermore, actions should be linked to safety regulations. Although these are different for every domain, 

these should be included in Uni-REPM SCS to cover the complete safety RE process. To make sure domain-

specific safety regulations are included in the maturity model, actions could be added that refer to domain-

specific regulations, are about the compliance with domain-specific safety regulations and are about the 

considerations resulting from following a domain-specific regulation. 

3. Columns about cost/effort and value/benefit should be added to the questionnaire of Uni-REPM and 

Uni-REPM SCS to prioritize actions that were assessed to be incomplete. 

In the questionnaire about the improvements (see APPENDIX D), both the head of system engineering and 

the senior system engineer of the medical SCS development company stated that it is wise to prioritize 

incomplete actions, based on cost/effort and value/benefit. They argued that the improvement path of Uni-

REPM and Uni-REPM SCS could be used as guidelines which actions to improve or implement first, but 

decisions should be made based on the cost/effort and value/benefit of improving or implementing the 

incomplete actions. To include the cost/effort and value/benefit in the maturity model and its questionnaire, 

it was proposed to add two additional columns in the Excel file with cost/effort and value/benefit. In the 

official tool on website unirepm.com, boxes should be placed instead of the two columns. In these columns 

or boxes, it should be possible to estimate the cost/effort and value/benefit for every action that was assessed 

to be incomplete. As the cost/effort and value/benefit are different for every organization, it is proposed that 

these values are estimated by the assessors themselves, and should not be estimated by people outside the 

organization, e.g. the developers of Uni-REPM and Uni-REPM SCS. 

4. Assessments with Uni-REPM and Uni-REPM SCS should be conducted in groups. 
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In the official instruction by the developers of Uni-REPM and Uni-REPM SCS, it is stated that example 

users of Uni-REPM SCS are requirements engineers, system engineers, project managers and more. 

However, it is not clarified whether the checklists should be filled in individually or in groups.  

Based on the Kappa scores in section, it is recommended to fill the questionnaires in group meetings, as it 

is likely that this will lead to more accurate results. Discussions will be encouraged in these meetings, and 

consequently, the knowledge of the assessors is shared. This does not solely improve the results of the 

assessments, but it also increases the awareness of the employees on their (safety) RE process and it makes 

employees think about possible improvements of the (safety) RE process. 

5. Users of the maturity models should have been involved and should have a deep understanding of 

the (safety) RE process. 

Users of Uni-REPM and Uni-REPM SCS should have been closely involved in the (safety) RE process, and 

preferably, should have done the activities in the process themselves. In this case study, system engineers 

and verification engineers participated. However, the verification engineers did not do most of the actions 

themselves, although they did know which actions took place. In contrast to the verification engineers, 

systems engineers were more involved in the (safety) RE process. The difference in function, and therefore 

the difference in knowledge of the project, might lead to different assessments. However, having assessors 

with different functions is not necessarily bad, it could be enriching for the quality of the assessment. But 

the (deep) knowledge of the assessor regarding the (safety) RE process is the most important, as this 

increases the accuracy of the assessment. 
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 RELIABILITY AND VALIDITY THREATS 

The quality of any empirical studies, including case studies, depends on the reliability and validity threats 

that could pose risk to the reliability and validity of the study. In this section, the reliability and validity 

threats to the dynamic validation of Uni-REPM and Uni-REPM SCS in a medical SCS development 

company are discussed. These are described by four type of threats: construct validity, internal validity, 

external validity and reliability (Edmonds & Kennedy, 2012).  

 Construct validity 

Construct validity is the degree to which a test measures what it claims, or purports, to be measuring (Brown, 

2000). In this case study, there was a threat of evaluation apprehension. To address this threat, it was clearly 

clarified to the participants that the main goal of this case study was to validate the model, and not to assess 

the (safety) RE process of the company. Also, it was clarified that there was no right or wrong in assessing 

both the (safety) RE process and the maturity models. This was done to make sure the participants would 

give their opinion on the maturity models without worrying on whether their opinion was right or wrong, or 

whether their inputs would have any kind of sequences in terms of their performance appraisals in the 

context of their job or function. 

Furthermore, there was a threat of inadequate explication of the constructs. This was addressed as definitions 

of the constructs PEU, PU and IU (and also of the answer options complete, incomplete and inapplicable) 

were given to make the case study as clear as possible for the participants. By giving these definitions, it 

was better understandable how the (safety) RE process was assessed and what the maturity models were 

assessed on. This should have increased the awareness of how the case study would elapse and it should 

avoid the threat of inadequate explication of the constructs. 

According to Yin (2003), employing multiple sources of evidence can contribute to construct validity by 

providing multiple measures of the same phenomenon. The constructs PEU, PU and IU were measured on 

a collection of statements. These statements were based on relevant existing knowledge from literature. 

Afterwards, PEU, PU and IU were also discussed in the semi-structured interviews. As multiple sources 

were used, the threat of low validity of the constructs should be reduced. 

 Internal validity 

Internal validity is concerned with justifying causal relationships between the case study design and the 

observed outcomes (Baškarada, 2014).  

In this case study, the most recent versions of Uni-REPM and Uni-REPM SCS were used: Uni-REPM 0.9 

CR and Uni-REPM SCS v0.2. Therefore, the models covered the latest results from state-of-the-art in 

research. The used Excel files were piloted before they were actually used for the case study, which led to 
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positive usability of the Excel files. A threat for filling in the questionnaire was the extent the additional 

descriptions of all actions were actually used to answer the questions. The participants were expected to 

read through these documents. However, as there were a total of 74 questions for Uni-REPM and 148 Uni-

REPM SCS, it is likely the participants did not read the description of each action. Mainly because this case 

study was a project beside the participant’s own work activities. In the semi-structured interviews, these 

additional descriptions were found to be useful, hence the participants used them to a certain extent. 

However, it is unknown whether the descriptions were read for all actions. 

Another threat for internal validity is the assumption that all question that were answered similarly, were 

assumed to be answered correctly. No evidence was used to get the correct answers of these questions. As 

this assumption is made, the answer of this question could be different in case the data collection procedure 

is repeated. This could lower the validity of the case study. 

The use of methodological data source triangulation can lead to increased internal validity (Baškarada, 

2014). In this case study, data triangulation was ensured by using the questionnaire, semi-structured 

interviews and observation to get the best possible data for the constructs PEU, PU and IU. In order to ensure 

that the interview instruments were properly designed and able to answer the questions that needed to be 

answered, the questions were based on a template that was developed to appraise maturity models. 

Afterwards, the questions were carefully reviewed by multiple employees of the company before they were 

used in the semi-structured interviews. By using the literature sources and reviews, it was assured that the 

right questions were asked in the interviews, which increased the internal validity of the case study. 

At last, there is a threat as there were only three participants for the validation of Uni-REPM, and four 

participants for the validation of Uni-REPM SCS. The participants were carefully chosen. However, since 

specific projects needed to be assessed, only employees who participated in the project, who were still 

working for the company where the study was conducted, and participants who were expected to have 

sufficient knowledge of the project’s (safety) RE process, were available and useful for this project. 

Therefore, the number of available and useful employees was limited. This affected the results of the 

validation of the maturity models. One participant, Participant G, was very negative about Uni-REPM SCS. 

As he did not use Uni-REPM and there were only a few participants, the differences in PEU, PU and IU 

differed a lot due to this participant. A richer picture of the maturity models would have been received if 

more participants were involved.  

 External validity 

External validity deals with the problem of knowing whether the findings are generalizable to other cases 

(Baškarada, 2014). Uni-REPM and Uni-REPM SCS were used for assessing two projects. However, the 
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(safety) RE process of these projects were similar, as these projects were within in a single organization. 

The use of a case study in a single organization is not sufficient to prove or disprove propositions, and 

several case studies are necessary to demonstrate the accuracy of a theory (Yin, 2003). Since the case study 

was performed in a single company, it is hard to generalize its results to other medical SCS developing 

companies. This is mainly the case for the results of Uni-REPM SCS, as Uni-REPM has already been 

validated dynamically before in many domains. 

 Reliability 

Reliability is concerned with demonstrating that same results can be obtained by repeating the data 

collection procedure (Baškarada, 2014). Baškarada (2014) also stated the a case study protocol contributes 

to the reliability by standardising the investigation. Relevant documents may include an overview of the 

project, field procedures, guiding questions, and a report outline. In this master thesis, there is an extensive 

case study design which should give a clear overview of what was done. This should increase the reliability 

of this case study and it should make it more reliable to obtain the same results by repeating the data 

collection procedure used in this case study. 

As shown in the section 4.2.2, the results of the individual assessments were not very reliable. Some 

participants were closer to the objective results than others. As in most case studies, a threat for the reliability 

of the assessment results is not choosing the right assessors. In this case study, one assessor, Participant A, 

had no agreement with the objective results (Kappa score was below 0). To demonstrate that same results 

can be obtained by repeating the data collection procedure, the right assessors must be chosen. 

In addition, there were a couple of weeks between filling in the questionnaire and conducting the interviews. 

This might have led to memory loss for the participants. It could be that the participants were less critical 

and reliable in assessing Uni-REPM and Uni-REPM SCS compared to a case where the interviews were 

conducted directly after filling in the questionnaires.  

 

 

 

 

  



57 

 

5. CONCLUSION 

In this section, the research questions will be answered. Afterwards, the research contributions, research 

implications, research limitations and future research will be discussed. 

In this research, three research questions were formulated. These are answered below. 

RQ1: How valid and reliable are Uni-REPM and Uni-REPM SCS for assessing the (safety) RE 

process of a medical SCS development company? 

The results of the case study show that Uni-REPM was complete and accurate to its scope for assessing the 

RE process in a company that develops medical safety-critical systems. Uni-REPM thus measured what it 

claimed to measure, and therefore it has high validity in this case study context. On the other hand, Uni-

REPM SCS also was accurate to its scope, but it was not considered to be complete. Therefore, at least in a 

company developing medical safety-critical systems, it has lower validity than Uni-REPM. 

Both Uni-REPM and Uni-REPM SCS were not reliable as an assessment tool. The agreement between the 

participants of the case study was very low, as the maximum Kappa score was 0.2727 (fair agreement). This 

was mainly caused by the (the function and knowledge of the) participants and the binary questions; 

assessors could only answer questions by complete or incomplete, when the question was considered 

applicable. 

RQ2: How applicable and accepted are Uni-REPM and Uni-REPM SCS in a medical SCS 

development company? 

In its current form, both Uni-REPM and Uni-REPM SCS are applicable to a company developing medical 

safety-critical systems, as respectively 97.30 and 96.62 percent of the questions were applicable (thus 

answered with complete or incomplete). However, since Uni-REPM SCS does not cover its complete scope 

for assessing the RE process in a medical SCS development company, it is still unknown how mature the 

assessed safety RE process is when assessing with Uni-REPM SCS. Therefore, it cannot be considered to 

be fully applicable to a medical SCS development company. 

The acceptance of the maturity models in a company developing medical safety-critical systems was 

assessed by using the constructs PEU, PU and IU. The PEU of both maturity models was reasonable high. 

The PU was a little lower, which was caused the answer options and by not covering the complete scope of 

Uni-REPM SCS for assessing the RE process in a company that develops medical safety-critical systems. 

Furthermore, some actions were considered to be beneficial for the company for improving its (safety) RE 

process, but overall, the improvement path was not seen as very useful. As literally following the 
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improvement path of Uni-REPM and Uni-REPM SCS was not seen as very useful, the participants did not 

intend to use the models or were skeptical about using them. Hence, overall, Uni-REPM and Uni-REPM 

SCS were not accepted as good maturity models in a company developing medical safety-critical systems.  

RQ3: What improvements can be proposed for Uni-REPM and Uni-REPM SCS? 

Improvements for the maturity models themselves and recommendations for using the maturity models are 

mentioned below: 

1. The answer options should be changed. 

a. An answer option should be added: sufficiently complete. 

b. The definitions of the answer options complete and incomplete should be changed. 

2. Actions should be added to Uni-REPM SCS that are related to safety regulations and hardware. 

3. Columns about cost/effort and value/benefit should be added to the questionnaire of Uni-REPM and 

Uni-REPM SCS to prioritize actions that were assessed to be incomplete. 

4. Assessments with Uni-REPM and Uni-REPM SCS should be conducted in groups.  

5. Users of the maturity models should have been involved and should have a deep understanding of 

the (safety) RE process. 

 RESEARCH CONTRIBUTIONS  

As formulated in the problem statement, Uni-REPM and Uni-REPM SCS had not been dynamically 

validated before in a medical SCS development company. Therefore, it was unknown whether these 

maturity model are valid and reliable, and whether they are applicable to and accepted in a medical SCS 

development company. In this master thesis, Uni-REPM SCS was dynamically validated in such company 

for the first time. 

Furthermore, Uni-REPM was dynamically validated in this master thesis. Although this maturity model had 

already been validated before in multiple studies, this validation contributes to the knowledge in the field as 

Uni-REPM is assessed on different constructs in this master thesis. In addition, Uni-REPM is dynamically 

validated in the medical device domain, and more specific, in a medical SCS development company. It had 

not been validated in this domain before. This increases the extent the results of all dynamic validations of 

Uni-REPM can be generalized.   

At last, this master thesis contributes to research as multiple improvements and recommendations are 

identified. These improvements and recommendations should improve the maturity models themselves, and 

the use of the maturity models. 
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 RESEARCH IMPLICATIONS 

Uni-REPM was also dynamically validated in other researches. However, these researches were conducted 

in other domains than the medical device domain. The researches by Goesten (2018), Svahnberg et al. (2013) 

and Nguyen (2010) assessed Uni-REPM on applicability, usability (consisting of efficiency, 

understandability and satisfaction) and usefulness. This master thesis assessed Uni-REPM on applicability, 

understandability and (perceived) usefulness as well, but not extensively on satisfaction and efficiency. 

Compared to the other studies, this case study scored similarly for applicability and understandability, which 

were assessed to be high in all studies. The usefulness of Uni-REPM as an assessment tool is a little lower 

compared to the other studies, as in this case study, the participants were skeptical about the usefulness of 

the maturity model, whilst the results of the other studies were very positive. However, one participant in 

this case study was very critical, which might have influenced the results of this case study. 

In addition to the other studies where Uni-REPM was dynamically validated, this master thesis adds value 

by assessing Uni-REPM on validity, reliability, PEU and IU, and by assessing the maturity model in an 

medical SCS development company. 

Uni-REPM SCS had not been dynamically validated in literature before. However, the most results of Uni-

REPM and Uni-REPM SCS are similar, as both have the same structure and are used similarly. As this 

master thesis is the first dynamic validation of Uni-REPM SCS in a medical SCS development company, 

and even in the complete industry, more validation is needed to generalize the results of this thesis, or to 

give new insights in the maturity model. 

 RESEARCH LIMITATIONS 

The generalizability of the results is limited as the case study was performed in a single company. The use 

of a case study in a single company is not sufficient to generalize the results to other medical SCS 

development companies. In addition, two projects were chosen to assess their (safety) RE process, however 

the two projects were very similar as the RE process in the company was largely standardized. This was not 

beneficial for the generalizability of the results either.  

Furthermore, the reliability of the data is impacted by the participants in the case study. This could be 

explained in two ways.  

First, there were only four participants. Three of them assessed Uni-REPM, all four assessed Uni-REPM 

SCS. The data would be more reliable if more assessors participated, because the results of one deviating 

participant can have a big impact on the average scores if there are only a few participants. This was also 

the case when comparing the scores of Uni-REPM and Uni-REPM SCS for PU. The participant who only 
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used Uni-REPM SCS negatively influenced the results of Uni-REPM SCS for PU. The results of Uni-REPM 

SCS for PU were much lower than the results of Uni-REPM for PU. However, the scores of Uni-REPM and 

Uni-REPM SCS for PU did not differ a lot when comparing the results of the participants who used both 

maturity models.   

Second, the participants had different functions: two participants were system engineers, two other 

participants were verification engineers. Although all participants were familiar with the (safety) RE process 

and were involved in (one of the) projects, the different function, and therefore different knowledge and 

perspectives, could lead to different results for the reliability of the assessments. Besides, since verification 

engineers are not involved in the complete (safety) RE process, they were probably not able to assess the 

maturity models as well as the system engineers. 

 FUTURE RESEARCH 

Future research might explore how Uni-REPM SCS can be made complete for assessing the RE process in 

a company that develops medical safety-critical systems, thus which MPAs, SPAs or actions need to be 

included to cover safety regulations and hardware in the model. This is an important issue, as a maturity 

model needs to cover its complete scope to be able to assess the maturity of the safety RE process well.  

Based on the Kappa scores, it is recommended to fill in the questionnaires in groups, as this should increase 

the accuracy of the assessment. In future research, this recommendation should be confirmed by actually 

doing assessments in groups. Furthermore, future research should investigate which type of new answer 

options (including sufficiently complete, or with new definitions for complete and incomplete) gives the 

most reliable process maturity assessment results. 

As stated before, future research is also needed to increase the generalizability of the results. Uni-REPM 

SCS has only been validated limited, as it is statically validated in Vilela, Castro, Martins and Gorschek 

(2018b) and dynamically validated in this master thesis. Future research should be focused on both the 

medical device industry and other industries. 

At last, maturity models need to be seen as constantly evolving as they need to reflect the current best 

practices (Vilela, Castro, Martins, & Gorschek, 2018b). Therefore, there is a constant work of pruning Uni-

REPM and Uni-REPM SCS of unnecessary actions and to add emerging actions that are deemed vital for a 

workable (safety) RE process. 
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APPENDICES 

APPENDIX A GATHERED EVIDENCE 

Project A (Uni-REPM) 

 

Project A (Uni-REPM SCS) 

 Objective evidence  

Action Direct artifacts Indirect artifacts Affirmations Final answer 

PM.RT.a2   Written confirmation Incomplete 

PM.RT.a3 In ALM tool   Complete 

PM.RC.a1   Oral confirmation Incomplete 

RE.GA.a4   Written confirmation Incomplete 

RE.DC.a6   Oral confirmation Inapplicable (5) 

RA.GA.a2   Written confirmation Incomplete  

RA.GA.a4   Written confirmation Incomplete  

RA.GA.a5   Written confirmation Incomplete  

RA.GA.a6   Oral confirmation Complete  

RA.PS.a2   Written confirmation Incomplete 

RP.GA.a3   Written confirmation Incomplete 

RP.GA.a4   Written confirmation Complete 

RP.S.a2   Oral confirmation Inapplicable (2) 

DS.GA.a5   Oral confirmation Incomplete 

RV.GA.a1   Written confirmation Incomplete 

RV.GA.a2   Oral confirmation Incomplete 

RV.GA.a4  Meeting invites  Complete 

RV.GA.a6   Oral confirmation Incomplete 

 Objective evidence  

Action Direct artifacts Indirect artifacts Affirmations Final answer 

DS.SDO.a5   Oral confirmation Incomplete  

DS.SDO.a6 Safety manual   Complete 

RA.PSA.a2   Written confirmation Complete 

RA.PSA.a14   Oral confirmation Complete 

RA.PSA.a20   Oral confirmation Inapplicable (1) 

RA.PSA.a22   Oral confirmation Incomplete 

RA.PSA.a23   Oral confirmation Complete 

RA.FH.a1 RMM   Complete 

RA.FH.a3   Oral confirmation Complete 

RA.FH.a4   Oral confirmation Incomplete 

RA.FH.a5 Document   Complete 

RA.FH.a6   Oral confirmation Complete 
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Project V (Uni-REPM) 

RP.SC.a2   Oral confirmation Complete 

RP.SC.a4   Oral confirmation Complete 

RP.SC.a8 Safety test plan   Complete 

RV.SVV.a1   Oral confirmation Inapplicable (2) 

RV.SVV.a4   Oral confirmation Inapplicable (2) 

RV.SVV.a6   Oral confirmation Complete 

RV.SVV.a7   Oral confirmation Inapplicable (2) 

RV.SVV.a10   Oral confirmation Complete 

RV.SVV.a14   Oral confirmation Incomplete 

OS.SP.a3 RMM   Complete 

OS.SP.a5   Oral confirmation Complete 

OS.SP.a6   Oral confirmation Complete 

OS.SP.a9   Oral confirmation  Incomplete  

OS.SP.a11 RMM   Complete 

OS.GSM.a7 Document   Complete 

OS.STO.a6   Oral confirmation Incomplete 

OS.SKM.a1   Oral confirmation Incomplete 

OS.SKM.a2   Oral confirmation Incomplete 

OS.SKM.a3   Oral confirmation Incomplete 

OS.SKM.a5   Oral confirmation Incomplete  

OS.SKM.a9   Oral confirmation Complete 

PM.SCM.a11 Documents   Complete 

PM.SCO.a5   Oral confirmation Incomplete 

PM.SCO.a6 Documents Mails  Complete 

PM.SCO.a7 RMM   Complete 

PM.SCO.a9 Design reviews   Complete 

PM.SCO.a10 Design reviews   Complete 

PM.ST.a1 ALM   Complete 

PM.ST.a4 RMM   Complete 

PM.ST.a8   Oral confirmation Inapplicable (1) 

 Objective evidence  

Action Direct artifacts Indirect artifacts Affirmations Final answer 

OS.GA.a1 QMS procedure   Complete 

OS.GA.a2 PowerPoint presentation   Complete 

OS.S.a1   Written confirmation Complete 

OS.S.a2 Document   Complete 

OS.S.a3  Meeting invites  Complete 

PM.GA.a2 ALM   Complete 

PM.GA.a3 Templates   Complete 

PM.CM.a2   Oral confirmation Complete 

PM.CM.a3   Written confirmation Complete 

PM.RT.a2   Written confirmation Incomplete 

PM.RT.a4 In ALM   Complete 

PM.RT.a5   Oral confirmation Complete  
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Project V (Uni-REPM SCS) 

PM.RC.a2 Reviews   Complete 

RE.GA.a1 ALM   Complete 

RE.GA.a2 ALM   Complete  

RE.GA.a3   Oral confirmation  Complete  

RE.GA.a5   Oral confirmation  Complete  

RE.GA.a6 Feedback   Complete 

RE.SI.a1   Oral confirmation  Complete  

RE.SI.a3   Oral confirmation  Complete  

RE.DC.a1   Oral confirmation  Complete  

RE.DC.a2   Oral confirmation  Complete  

RE.DC.a3   Oral confirmation  Complete  

RE.DC.a5   Oral confirmation  Complete  

RE.DC.a6   Oral confirmation Inapplicable (5) 

RA.GA.a3 ALM   Complete 

RA.GA.a6   Oral confirmation  Complete  

RA.QA.a1 Design reviews   Complete 

RP.GA.a2   Oral confirmation  Complete  

RP.GA.a3   Oral confirmation  Incomplete  

RP.GA.a4   Oral confirmation  Complete  

RP.S.a2   Oral confirmation  Inapplicable (2)  

RP.S.a3   Written confirmation  Incomplete 

DS.GA.a4   Oral confirmation Incomplete 

RV.GA.a1   Written confirmation Incomplete 

RV.GA.a4   Oral confirmation Complete 

 Objective evidence  

Action Direct artifacts Indirect artifacts Affirmations Final answer 

RE.SM.a5 Document   Complete 

DS.HF.a2   Oral confirmation  Complete  

DS.HF.a6   Oral confirmation  Complete  

DS.SDO.a10 Document   Complete 

RA.PSA.a14 Risk management 

matrix 

  Complete 

RA.PSA.a15 Risk management 

matrix 

  Complete 

RA.PSA.a19   Oral confirmation Inapplicable (1) 

RA.PSA.a21 Verification tests   Complete 

RA.PSA.a22   Oral confirmation  Incomplete  

RA.FH.a3   Oral confirmation  Complete  

RA.FH.a6   Oral confirmation  Complete  

RP.SC.a2   Oral confirmation  Complete  

RP.SC.a3   Oral confirmation  Complete  

RP.SC.a4 Reports   Complete 

RP.SC.a5  Test case results  Complete 
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RV.SVV.a1   Oral confirmation Inapplicable (2) 

RV.SVV.a4   Oral confirmation Inapplicable (2) 

RV.SVV.a7   Oral confirmation  Inapplicable (2) 

RV.SVV.a13   Oral confirmation  Complete  

RV.SVV.a14 Design reviews   Complete 

RV.SVV.a15   Oral confirmation  Complete  

RV.SVV.a16   Oral confirmation  Complete  

OS.SP.a1 Risk management plan   Complete 

OS.SP.a3 Document   Complete 

OS.SP.a6   Oral confirmation  Complete  

OS.SP.a9   Oral confirmation  Incomplete  

OS.SP.a10   Oral confirmation  Complete  

OS.SP.a11 Risk management 

matrix 

  Complete 

OS.GSM.a1 Project plan   Complete 

OS.GSM.a3   Oral confirmation  Incomplete  

OS.GSM.a5 Risk management 

procedure 

  Complete 

OS.GSM.a9   Oral confirmation  Complete  

OS.SKM.a2   Oral confirmation  Incomplete  

OS.SKM.a3   Oral confirmation  Incomplete  

OS.SKM.a4 Document   Complete 

OS.SKM.a7 Product strategy   Complete 

OS.SKM.a8 Documents    Complete  

OS.SKM.a9 Document  - system 

overview 

  Complete 

PM.SCO.a2   Oral confirmation  Complete  

PM.SCO.a4   Oral confirmation  Complete  

PM.SCO.a9 Design reviews or 

rationale in risk 

management matrix 

  Complete 

PM.SCO.a10 Design reviews or 

rationale in risk 

management matrix 

  Complete 

PM.ST.a2 ALM   Complete 

PM.ST.a3 RMM   Complete 

PM.ST.a4 RMM   Complete 

PM.ST.a5 ALM   Complete 

PM.ST.a6 ALM   Complete 

PM.ST.a7 ALM   Complete 

PM.ST.a8   Oral confirmation Inapplicable (1) 
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APPENDIX B OBJECTIVE RESULTS 

PROJECT A - Uni-REPM  
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Project A - Uni-REPM  SCS 
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PROJECT V - Uni-REPM  
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Project V - Uni-REPM  SCS 
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APPENDIX C PROCESS MATURITY ASSESSMENT RESULTS - GRAPHS 
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Objective results 

Uni-REPM SCS 
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PROJECT V 
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Objective results 
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APPENDIX D STATEMENTS ABOUT IMPROVING BY USING UNI-REPM AND 

UNI-REPM SCS 

 Statement Score (1 to 5) 

1 Overall, I think the proposed improvements will be easy to implement.  

1.1 If the given value for statement 1 
is 1 or 2, please explain. 

 

2 Overall, I think the proposed improvements will be cheap to implement.  

2.1 If the given value for statement 2 
is 1 or 2, please explain. 

 

3 Overall, I think the proposed improvements will be valuable for the organization.  

3.1 If the given value for statement 3 
is 1 or 2, please explain. 

 

4 I think the used approach to improve the (safety) requirements engineering 
process is very useful.       (First completing maturity level 1 before completing 
level 2, etc.) 

 

4.1 If the given value for statement 4 
is 1 or 2, please explain. 

 

4.2 If the given value for statement 5 
is 1 or 2, do you know an 
approach that is based on the 
results of the assessment with 
Uni-REPM (SCS), that would lead 
to better improvements.  

 

5 I think assessing and improving the requirements engineering process by using 
Uni-REPM and/or will be beneficial for the organization. 

 

5.1 If the given value for statement 5 
is 1 or 2, please explain. 
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APPENDIX E SEMI-STRUCTURED INTERVIEWS – QUESTIONS 

Validity 

Uni-REPM 

- How well does the model meet its goal to assess all requirements processes? 

o If this is not well enough, what should be improved to get a good assessment of the RE processes? 

- Completeness – How complete is the model? 

o Would you add any questions to the model? If so, please explain what and why? 

o Would you add any sub-process areas (SPAs) to the model? If so, please explain what and why? 

o Would you remove any questions from the model? If so, please explain what and why? 

o Would you remove any sub-process areas (SPAs) from the model? If so, please explain what and 

why? 

- Was the structure of the model clear? (Consisting of MPAs, SPAs and actions) 

Uni-REPM SCS 

- How well does the model meet its goal to assess all safety requirements processes? 

o If this is not well enough, what should be improved to get a good assessment of the RE processes? 

- Completeness – How complete is the model? 

o Would you add any questions to the model? If so, please explain what and why? 

o Would you add any sub-process areas (SPAs) to the model? If so, please explain what and why? 

o Would you remove any questions from the model? If so, please explain what and why? 

o Would you remove any sub-process areas (SPAs) from the model? If so, please explain what and 

why? 

- Was the structure of the model clear? (Consisting of MPAs, SPAs and actions) 

Applicability 

Uni-REPM  

- Would you consider the model applicable for assessing requirements processes within your company? Why? 

o If not, please explain how what should be improved to make it applicable. 

- Would you add any maturity levels? If so, please explain what and why? 

- Would you suggest changing the answer options of the questions? 

Uni-REPM SCS 

- Would you consider the model applicable for assessing safety requirements processes within your company? 

Why? 

o If not, please explain how the applicability can be improved. 

Reliability 

- The kappa score (which measures the agreement among of the people who fill in the checklist) was very low 

(between 0 and 0.25) for both Uni-REPM and Uni-REPM SCS, which means there is only a slight agreement 

among the participants. What do you think are the reasons that you fill in many different answers? 

Perceived Ease of Use 

Uni-REPM 

- Do you think the model is easy to use in its current state? Why?  

- Was the model (and its questions) easy to understand?  

o What was easy to understand, and what was not? 

o Could the model be made better understandable? How? 

- Would you suggest any other updates or improvements, which should improve the easiness to use the model? 

Uni-REPM SCS 
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- Do you think the model is easy to use in its current state? Why?  

- Was the model (and its questions) easy to understand?  

o What was easy to understand, and what was not? 

o Could the model be made better understandable? How? 

- Would you suggest any other updates or improvements, which should improve the easiness to use the model? 

Perceived Usefulness 

Uni-REPM 

- Do you think the model is useful in its current state for assessing requirements processes? Why (not)? 

o How could this be improved? 

- Do you think the model (including the description of each action) is useful in its current state for improving 

requirements processes? Why (not)? 

o How could this be improved? 

Uni-REPM SCS 

- Do you think the model is useful in its current state for assessing safety requirements processes? Why (not)? 

o How could this be improved? 

- Do you think the model (including the description of each action) is useful in its current state for improving 

requirements processes? Why (not)? 

o How could this be improved? 

Intention to use 

Uni-REPM 

- Would you intend to use this model for assessing requirements processes?  

o If yes, why? 

o If not, what improvements should be made to the model that would lead to your usage of the model? 

Uni-REPM SCS 

- Would you intend to use this model for assessing safety requirements processes?  

o If yes, why? 

o If not, what improvements should be made to the model that would lead to your usage of the model? 

Other 

- Do you still have any remarks or improvements you want to mention about Uni-REPM and/or Uni-REPM 

SCS? 
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APPENDIX F SEMI-STRUCTURED INTERVIEWS - TRANSCRIBED 

Participant P 

Validity 

Uni-REPM 

- How well does the model meet its goal to assess all requirements processes? 

o If this is not well enough, what should be improved to get a good assessment of the RE processes? 

- Completeness – How complete is the model? 

o Would you add any questions to the model? If so, please explain what and why? 

o Would you add any sub-process areas (SPAs) to the model? If so, please explain what and why? 

o Would you remove any questions from the model? If so, please explain what and why? 

o Would you remove any sub-process areas (SPAs) from the model? If so, please explain what and 

why? 

- Was the structure of the model clear? (Consisting of MPAs, SPAs and actions) 

I think this maturity model covered its scope very well. It was very complete and I don’t think any questions/SPAs/MPAs 

should be included in the model. I felt like the complete RE process was covered. Furthermore, the structure was very 

clear. This made the questions better understandable, as you knew what topic the questions were about. 

Uni-REPM SCS 

- How well does the model meet its goal to assess all safety requirements processes? 

o If this is not well enough, what should be improved to get a good assessment of the RE processes? 

- Completeness – How complete is the model? 

o Would you add any questions to the model? If so, please explain what and why? 

o Would you add any sub-process areas (SPAs) to the model? If so, please explain what and why? 

o Would you remove any questions from the model? If so, please explain what and why? 

o Would you remove any sub-process areas (SPAs) from the model? If so, please explain what and 

why? 

The safety module was more detailed than the original module. It went a little deeper. But I think both maturity models 

covered its scope very well. A small remark: I missed the link with safety standards that we must met as a company 

developing medical devices. However this is very specific to our domain, and therefore it is hard to cover that in such 

maturity model. 

Applicability 

Uni-REPM  

- Would you consider the model applicable for assessing requirements processes within your company? Why? 

o If not, please explain how what should be improved to make it applicable. 

Yes. The model is applicable at the company, which also resulted in many questions that were answered with 

‘complete’ or ‘incomplete’. 

Uni-REPM SCS 
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- Would you consider the model applicable for assessing safety requirements processes within your company? 

Why? 

o If not, please explain how the applicability can be improved. 

- Would you add any maturity levels? If so, please explain what and why? 

- Would you suggest changing the answer options of the questions? 

Similar to Uni-REPM, the safety module was applicable at the company. 

The number of maturity levels is fine. This maturity model has three maturity levels, whilst CMMI has five. In practice, 

five maturity levels turned out to be too many. I experienced that a maturity level of 4 or 5 (in case of CMMI) is not 

good for the processes of the organization. The processes did not go fluidly anymore. Therefore, I think three maturity 

levels (‘basic’, ‘intermediate’ and ‘advanced’) are better.  

I did not like the fact that there were only three answer options. I did like it that it was possible to answer a question 

with ‘inapplicable’. However, I did not like that there were only two other options: ‘complete’ and ‘incomplete’. I 

think there were too less gradations, I would like to have more gradations. The two answer options also lead so more 

subjective answers. There is always evidence, that something has been done well, but also that something has not been 

done well. By having only two answer options, the subjectivity of the results will increase. I would opt for 3 answer 

options, besides ‘inapplicable’.  

Reliability 

- The kappa score (which measures the agreement among of the people who fill in the checklist) was very low 

(between 0 and 0.30) for both Uni-REPM and Uni-REPM SCS, which means there is only a slight agreement 

among the participants. What do you think are the reasons that you fill in many different answers? 

As mentioned before, I think the answer options have an influence on the reliability of the results. To get more reliable 

results, more answer options are needed. When there are more answer options, it is also possible that people answer 

a question differently. However the difference between fully implemented and largely implemented is not as big as 

incomplete and complete. 

To get more reliable results, I think the best way is to sit together with all people who filled in the questionnaire and 

then discuss all questions. This is not an improvement for the model, but an improvement in the way the model is used. 

Perceived Ease of Use 

Uni-REPM 

- Do you think the model is easy to use in its current state? Why?  

- Was the model (and its questions) easy to understand?  

o What was easy to understand, and what was not? 

o Could the model be made better understandable? How? 

- Would you suggest any other updates or improvements, which should improve the easiness to use the model? 

Uni-REPM SCS 

- Do you think the model is easy to use in its current state? Why?  

- Was the model (and its questions) easy to understand?   
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o What was easy to understand, and what was not? 

o Could the model be made better understandable? How? 

- Would you suggest any other updates or improvements, which should improve the easiness to use the model? 

The checklist was easy to use. I got used to it very fast and I had no big difficulties in answering questions.  

When using maturity models, you always have to switch from theory to practice. The developers of Uni-REPM and 

Uni-REPM SCS did a good job to include an extensive description for each action. Most of the time, I understood the 

question very well and therefore, I completed the checklist quite fast. However, sometimes it was not 100 percent clear 

what was meant by only reading the action. Or they meant something else than what I expected from reading the 

action. For example with action RV.GA.a4 (“organize inspections”). These are inspections within an organization 

with people with different functions. Before reading the description, I thought it was about external inspections. By 

having the pdf-file with all descriptions, it was much better understandable and answering the questions was thus 

much easier.  

Both Uni-REPM and Uni-REPM SCS were easy to use. There were no real differences in the difficulty of answering 

the questions. 

Perceived Usefulness 

Uni-REPM 

- Do you think the model (including the description of each action) is useful in its current state for assessing 

requirements processes? Why (not)? 

o How could this be improved? 

- Do you think the model (including the description of each action) is useful in its current state for improving 

requirements processes? Why (not)? 

o How could this be improved? 

Uni-REPM SCS 

- Do you think the model is useful in its current state for assessing safety requirements processes? Why (not)? 

o How could this be improved? 

- Do you think the model (including the description of each action) is useful in its current state for improving 

requirements processes? Why (not)? 

o How could this be improved? 

- The score you gave for usefulness in the questionnaire is 3.5 for Uni-REPM and 3 for Uni-REPM SCS. Is it 

true that Uni-REPM is more useful than Uni-REPM SCS? Why? 

Yes, to a certain extent. However, as said earlier, I would change the answer options. Because now, you don’t have a 

good view what you are doing ‘okay’. Some things are considered to be okay in practice, however in this model it is 

considered to be incomplete. 

I don’t really know if it is a good model to improve the RE process, as these improvements are not implemented. Some 

actions that were assessed to be incomplete are useful, however there are also some actions that I think are not useful 

at all.  
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It is not the case that I think the maturity models are really useful, but it has important elements which can be used. 

When answering the questionnaire, I scored the safety module as a little less useful than the normal module, as the 

safety module is too extensive I think. Some questions of the safety maturity are not needed. 

Intention to use 

Uni-REPM 

- Would you intend to use this model for assessing requirements processes?  

o If yes, why? 

o If not, why? And what improvements should be made to the model that would lead to your usage of 

the model? 

Uni-REPM SCS 

- Would you intend to use this model for assessing safety requirements processes?  

o If yes, why? 

o If not, what improvements should be made to the model that would lead to your usage of the model?  

Before knowing whether I want to use such maturity models, I need to know which other maturity models exist, and 

which of these are used a lot in the medical device industry. Furthermore, I don’t think you should have a maturity 

model that only focuses on the RE process. The relation with design is very important. Also because the difference 

between requirements and design can be very vague in practice. Furthermore, before using such maturity model, I 

want to know that it is proven to be a good maturity model. In this model, I don’t really see a relation between the 

results of Uni-REPM and Uni-REPM SCS and the process I experience in practice. This should be improved. 

Other 

- Do you still have any remarks or improvements you want to mention about Uni-REPM and/or Uni-REPM 

SCS? 

As already said, it should be validated whether the improvements from the assessment really make the RE process 

better. And there need to more answer options. 

 

 

  



93 

 

Participant A 

Validity 

Uni-REPM 

- How well does the model meet its goal to assess all requirements processes? 

o If this is not well enough, what should be improved to get a good assessment of the RE processes? 

- Completeness – How complete is the model? 

o Would you add any questions to the model? If so, please explain what and why? 

o Would you add any sub-process areas (SPAs) to the model? If so, please explain what and why? 

o Would you remove any questions from the model? If so, please explain what and why? 

o Would you remove any sub-process areas (SPAs) from the model? If so, please explain what and 

why? 

- Was the structure of the model clear? (Consisting of MPAs, SPAs and actions) 

Uni-REPM SCS 

- How well does the model meet its goal to assess all safety requirements processes? 

o If this is not well enough, what should be improved to get a good assessment of the RE processes? 

- Completeness – How complete is the model? 

o Would you add any questions to the model? If so, please explain what and why? 

o Would you add any sub-process areas (SPAs) to the model? If so, please explain what and why? 

o Would you remove any questions from the model? If so, please explain what and why? 

o Would you remove any sub-process areas (SPAs) from the model? If so, please explain what and 

why? 

I think it covers all aspects that are important in requirements engineering. I did not miss parts that we do in practice, 

but were not included in the model. Furthermore, the structure was very straightforward, and it helped with filling in 

the questionnaire. Especially for using this model for the first time, it was clear how the model was built. 

For Uni-REPM SCS, this was the same. As far as I know, this additional module covered the safety engineering process 

very well. This is the first time I use such model, so I cannot compare it with other maturity models. But my first 

impression was good. 

Applicability 

Uni-REPM  

- Would you consider the model applicable for assessing requirements processes within your company? Why? 

o If not, please explain how what should be improved to make it applicable. 

Uni-REPM SCS 

- Would you consider the model applicable for assessing safety requirements processes within your company? 

Why? 

o If not, please explain how the applicability can be improved. 

- Would you add any maturity levels? If so, please explain what and why? 

- Would you suggest changing the answer options of the questions? 
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I think both models can be used here. I see no issues why I could not be implemented. However to be able to use them 

regularly, the developers need to update the maturity models frequently, both the questions and the maturity levels 

belonging to these questions. These are important factors to decide whether the maturity models will be applicable in 

the long term. 

In terms of maturity levels, I think the more is the better. Otherwise some actions are clustered because there is a 

restricted number of maturity levels. 

When looking to the answer options of the models, I prefer the current way of assessing. So by using 3 answer options. 

I prefer this, because the difference is bigger than when you have for example 5 answer options. How do you know 

whether something is largely implemented or partially implemented? I think that is very hard, so I would choose the 

current answer options. 

Reliability 

- The kappa score (which measures the agreement among of the people who fill in the checklist) was very low 

(between 0 and 0.30) for both Uni-REPM and Uni-REPM SCS, which means there is only a slight agreement 

among the participants. What do you think are the reasons that you fill in many different answers? 

- Why do you think that you had the lowest score when comparing the personal results to the objective results? 

I think the function of the people is very important to decide which people are chosen to fill in the questionnaire. Some 

people know more about a certain aspect than others, because they have done that aspect themselves. Others only see 

the output of that and therefore, they can be less critical what could be improved. So the most important is to have 

people with a similar function who fill in the questionnaire. 

The low kappa score might indicate that the model is understandable for somebody, but not for somebody else. This is 

not necessarily bad from the model, but you know how to use it. So either, people with similar functions answer the 

questionnaire, or people (with similar or different functions) fill in the questionnaire together, and discuss the 

questions that are thought to be assessed differently. 

Perceived Ease of Use 

Uni-REPM 

- Do you think the model is easy to use in its current state? Why?  

- Was the model (and its questions) easy to understand?  

o What was easy to understand, and what was not? 

o Could the model be made better understandable? How? 

- Would you suggest any other updates or improvements, which should improve the easiness to use the model? 

Uni-REPM SCS 

- Do you think the model is easy to use in its current state? Why?  

- Was the model (and its questions) easy to understand?   

o What was easy to understand, and what was not? 

o Could the model be made better understandable? How? 

- Would you suggest any other updates or improvements, which should improve the easiness to use the model? 
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Well, before using the maturity models, it had to explained well to me. So I knew what it was about. Eventually, I got 

used to it and it was easy to understand. From the Excel-file, it was sometimes hard to understand. However, the 

additional documents were very helpful and therefore, the questions were quite easy to answer. Therefore, I don’t think 

there should be actual improvements. The Excel-file I used was not very useable, a Word document would be better I 

think. It would be handy if the description and the action would be on the same place, so you don’t have to switch 

between the Excel or Word file and to the additional Pdf-file. This cost a lot of time for people who have lots of other 

work. 

Perceived Usefulness 

Uni-REPM 

- Do you think the model (including the description of each action) is useful in its current state for assessing 

requirements processes? Why (not)? 

o How could this be improved? 

- Do you think the model (including the description of each action) is useful in its current state for improving 

requirements processes? Why (not)? 

o How could this be improved? 

Uni-REPM SCS 

- Do you think the model is useful in its current state for assessing safety requirements processes? Why (not)? 

o How could this be improved? 

- Do you think the model (including the description of each action) is useful in its current state for improving 

requirements processes? Why (not)? 

o How could this be improved? 

Yes. It is good as far as I know. This is my first baseline, I have no idea how other maturity models look like. I thought 

it was quite complete, and could therefore be useful for assessing (safety) RE processes. 

I like to approach that is used to improve the processes. However to fully be able to assess the usefulness of improving 

processes based on this assessment, I should have experience with doing that. So I don’t know whether it is useful. 

Intention to use 

Uni-REPM 

- Would you intend to use this model for assessing requirements processes?  

o If yes, why? 

o If not, what improvements should be made to the model that would lead to your usage of the model? 

Uni-REPM SCS 

- Would you intend to use this model for assessing safety requirements processes?  

o If yes, why? 

o If not, what improvements should be made to the model that would lead to your usage of the model?  

I would think of using it. First I would look what other models are used and compare these with Uni-REPM or Uni-

REPM SCS. At the moment I can’t decide whether it is to best option to use. 
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Other 

- Do you still have any remarks or improvements you want to mention about Uni-REPM and/or Uni-REPM 

SCS? 

…  
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Participant M 

Validity 

Uni-REPM 

- How well does the model meet its goal to assess all requirements processes? 

o If this is not well enough, what should be improved to get a good assessment of the RE processes? 

- Completeness – How complete is the model? 

o Would you add any questions to the model? If so, please explain what and why? 

o Would you add any sub-process areas (SPAs) to the model? If so, please explain what and why? 

o Would you remove any questions from the model? If so, please explain what and why? 

o Would you remove any sub-process areas (SPAs) from the model? If so, please explain what and 

why? 

- Was the structure of the model clear? (Consisting of MPAs, SPAs and actions) 

Uni-REPM SCS 

- How well does the model meet its goal to assess all safety requirements processes? 

o If this is not well enough, what should be improved to get a good assessment of the RE processes? 

- Completeness – How complete is the model? 

o Would you add any questions to the model? If so, please explain what and why? 

o Would you add any sub-process areas (SPAs) to the model? If so, please explain what and why? 

o Would you remove any questions from the model? If so, please explain what and why? 

o Would you remove any sub-process areas (SPAs) from the model? If so, please explain what and 

why? 

Yes, I think so. Everything that is needed to get clear RE processes was included in the model. I don’t think there are 

any parts that are not in the model, but should be included. Therefore, it can be considered as a complete maturity 

model. This is the case for both Uni-REPM and Uni-REPM SCS. 

However, sometimes I thought that questions were too specific. It could work in theory, however in practice processes 

are different. In practice, there are often time constraints. Processes should be finished at a specific time. I think that 

if you implement all actions from the model, it takes too much time and often you don’t have that time, because you 

have other tasks to do as well. Implementing all actions thus hurts the progress. That is why some actions have not 

been implemented before and are not assessed as incomplete.  

I recognized a clear structure in the maturity model. This was useful for answering the questions. When reading a 

certain question, you already knew beforehand what the question could be about, and about which processes you had 

to think to answer the question. The structure thus helped me in answering the questions of the questionnaire.  

Applicability 

Uni-REPM  

- Would you consider the model applicable for assessing requirements processes within your company? Why? 

o If not, please explain how what should be improved to make it applicable. 

Uni-REPM SCS 
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- Would you consider the model applicable for assessing safety requirements processes within your company? 

Why? 

o If not, please explain how the applicability can be improved. 

- Would you add any maturity levels? If so, please explain what and why? 

- Would you suggest changing the answer options of the questions? 

Yes, it was applicable in our company. However, as said before, some actions were very specific, and it will not be 

easy to implement these due to time constraints. Therefore, I doubt whether the improvements resulting from this 

assessment are applicable in practice. 

The maturity has 3 maturity levels, compared to 5 as I know from CMMI. I think that 3 maturity levels is enough. When 

you are in level 5 from CMMI, I think many employees lose their flexibility in their way of working, which will not be 

good for the productivity of these employees. When these people have to work based on very specific procedures, a lot 

of waste is created. So, a lot of things are created that do not add any value. The time could be better spent.  

Furthermore, the process that is used to develop requirements is always different. This depends on multiple factors, 

like the skills of an employee and the time constraint. So I want to say, you must be flexible in your way of working, 

this is not possible if you are in level 5. Therefore, I think 3 levels is enough. 

I think an additional answer option would be better. I often assessed an action to be incomplete, because I thought it 

could be improved. However that action was actually sufficient at the moment, but when you critically look at it, you 

know it could be done better. Therefore, I would say that an extra answer option is needed, which may be ‘sufficient’. 

With this answer option, the action is already implemented sufficiently, however it could be improved. Improving this 

action thus has lower priority compared to other actions which are incomplete. 

Reliability 

- The kappa score (which measures the agreement among of the people who fill in the checklist) was very low 

(between 0 and 0.30) for both Uni-REPM and Uni-REPM SCS, which means there is only a slight agreement 

among the participants. What do you think are the reasons that you fill in many different answers? 

It could be that the questionnaire was too long. At a certain moment, you may lose concentration, which might lead to 

different answers between the participants.  Furthermore, it could be that there are different perceptions how people 

see the processes. Participant G and Participant P really develop the requirements, whilst Participant A and I ‘receive’ 

the requirements. However, Participant G is more into the hardware, whilst Participant P is more into the software. 

The knowledge and function of each person influences the perception of that person on the RE process.  

To improve the reliability of the assessment, I think such assessment should be done together, not individually. Then, 

you can discuss the action and agree to what extent an action is implemented. 

Perceived Ease of Use 

Uni-REPM 

- Do you think the model is easy to use in its current state? Why?  

- Was the model (and its questions) easy to understand?  

o What was easy to understand, and what was not? 
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o Could the model be made better understandable? How? 

- Would you suggest any other updates or improvements, which should improve the easiness to use the model? 

Uni-REPM SCS 

- Do you think the model is easy to use in its current state? Why?  

o The score you gave for ease of use was 4 out of 5 for Uni-REPM SCS. It was 3 out of 5 for Uni-

REPM. Is it true that Uni-REPM SCS was easier to use? Why? 

- Was the model (and its questions) easy to understand?   

o What was easy to understand, and what was not? 

o Could the model be made better understandable? How? 

- Would you suggest any other updates or improvements, which should improve the easiness to use the model? 

Overall, it was doable to answer to questions. However, sometimes, I struggled to understand what was meant. Also 

when using the additional description, I sometimes had to read a question two or three times. This was mainly because 

it was very theoretical. I don’t really know how to improve that, and whether it actually could be improved.  

In the safety module, it was a little easier to understand what was meant. Therefore, I also ranked the easiness to use 

a little higher for the safety module, compared to the normal module. Safety is more about concrete actions, and 

therefore it was easier to understand these questions. 

To improve the easiness to use the model, I think it would be beneficial to fill in the questionnaire fast after the 

introduction. Now it took some weeks before I had filled in the questionnaire. Therefore, I had forgotten some parts 

how it worked and how it was meant.  

Perceived Usefulness 

Uni-REPM 

- Do you think the model (including the description of each action) is useful in its current state for assessing 

requirements processes? Why (not)? 

o How could this be improved? 

- Do you think the model (including the description of each action) is useful in its current state for improving 

requirements processes? Why (not)? 

o How could this be improved? 

Uni-REPM SCS 

- Do you think the model (including the description of each action) is useful in its current state for assessing 

requirements processes? Why (not)? 

o How could this be improved? 

- Do you think the model (including the description of each action) is useful in its current state for improving 

requirements processes? Why (not)? 

o How could this be improved? 

Yes. I think it was quite useful. You get a decent view of the maturity of the RE process, but also for improvement it 

could be useful. An organization always needs a vision what to improve and with this model, I think you have such 

vision. However you should not fully focus on what the model says that should be done. Some actions could be 
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beneficial to implement, but others could not be beneficial. As said before, implementing too many actions will hurt 

other processes. Therefore, literally following the improvement path of Uni-REPM and Uni-REPM SCS is not advised. 

Intention to use 

Uni-REPM 

- Would you intend to use this model for assessing requirements processes?  

o If yes, why? 

o If not, what improvements should be made to the model that would lead to your usage of the model? 

Uni-REPM SCS 

- Would you intend to use this model for assessing safety requirements processes?  

o If yes, why? 

o If not, what improvements should be made to the model that would lead to your usage of the model?  

Yes, it could be an option. However, as said before, not everything can be implemented in practice. So, good decisions 

have to be made what to implement and what to leave out. Literally following the model to improve the processes is 

not a good idea. 

Other 

- Do you still have any remarks or improvements you want to mention about Uni-REPM and/or Uni-REPM 

SCS? 

… 
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Participant G 

Validity 

Uni-REPM SCS 

- How well does the model meet its goal to assess all safety requirements processes? 

o If this is not well enough, what should be improved to get a good assessment of the RE processes? 

- Completeness – How complete is the model? 

o Would you add any questions to the model? If so, please explain what and why? 

o Would you add any sub-process areas (SPAs) to the model? If so, please explain what and why? 

o Would you remove any questions from the model? If so, please explain what and why? 

o Would you remove any sub-process areas (SPAs) from the model? If so, please explain what and 

why? 

- Was the structure of the model clear? (Consisting of MPAs, SPAs and actions) 

I experienced that the questionnaire is quite software driven. Software is one of the least risky parts of the system. In 

our industry, … (failures in hardware, red.) are for example much more dangerous. Hardware is more important than 

software (in safety terms in our industry) and therefore, I think the focus of the model should also be on hardware, 

more than it is now. Uni-REPM SCS did not focus enough on the most important hazards in our industry. 

As there is a lack of focus on hardware, either a MPA, SPA, or questions should be added to the model to have this 

more included. Furthermore, there is a lack of questions about regulations. Also these should be added to the model. 

Furthermore, I experienced that Uni-REPM SCS was developed for a certain type of products, but not for medical 

devices. Therefore, not all processes that are done here at the company are included in Uni-REPM SCS. It was an 

extensive model, but it did not capture all processes that are done.  

The structure of Uni-REPM SCS is clear. I don’t have any comments on that. In the maturity model, however, no 

dependencies are displayed. These are given in the descriptions of the actions. However, to display these in the 

structure would be unclear. So overall, I think the structure is clear. 

Applicability 

Uni-REPM SCS 

- Would you consider the model applicable for assessing safety requirements processes within your company? 

Why? 

o If not, please explain how what should be improved to make it applicable. 

- Would you add any maturity levels? If so, please explain what and why? 

- Would you suggest changing the answer options of the questions? 

As said before, not all processes that are done at the company are captured in Uni-REPM SCS. Therefore, its 

applicability can be improved. Theoretically, it is applicable as most actions of the maturity model are good actions. 

However, since it is not complete, it does not give a full assessment on our RE process. This decreases the applicability 

of the model. 
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Furthermore, I think requirements and design are closely related. Compromises should be taken to meet both 

requirements and design. Therefore, having a maturity model, which only focuses on the requirements process, is not 

a good idea. There are many activities that involve safety requirements, and these are not and cannot be completely 

covered in a maturity model. 

I don’t have good experiences with maturity levels (from CMMI), as a certain maturity level does not always say that 

the processes are good in practice, and that the output of these processes will be good. Therefore, I don’t prefer 3, 4, 

5 or more maturity levels. I think the principle of using maturity levels in not good for improving the RE process. 

About the answer options, before filling in the questionnaire I really thought that the three options were not enough. 

However after filling in the questionnaire, I came to the conclusion that it was a good method. In CMMI, for example, 

there are 5 options and the differences between these options are not very big. This results in now knowing how to 

answer a questions. This is much clearer in the questionnaire of Uni-REPM SCS. The answer options ‘complete’ and 

‘incomplete’ may result in skew results. However I think this is better than having more options. 

Reliability 

- The kappa score (which measures the agreement among of the people who fill in the checklist) was very low 

(between 0 and 0.30) for Uni-REPM SCS, which means there is only a slight agreement among the 

participants. What do you think are the reasons that you fill in many different answers? 

I think the perception of the person might differ. I think this is mainly because of the functions of the participants. 

Someone who verifies requirements has a complete different view on requirements and its processes than someone 

who elicits or analyses requirements. Furthermore, as not everyone is involved in the complete RE process, for example 

someone might only verify requirements, he is not very familiar with all processes. Although he knows what happens 

in big lines, he does not the details. This might also lead to the low agreement among the participants. 

Perceived Ease of Use 

Uni-REPM SCS 

- Do you think the model is easy to use in its current state? Why?  

- Was the model (and its questions) easy to understand?   

o What was easy to understand, and what was not? 

o Could the model be made better understandable? How? 

- Would you suggest any other updates or improvements, which should improve the easiness to use the model? 

De questionnaire was easy to use. Although I had to use the additional Pdf-file to understand some actions better. That 

was mainly because of the terminology that was used. But when I read the description in the Pdf-file, all questions 

were clear to me. I think there is not an improvement needed to improve its easiness. 

Perceived Usefulness 

Uni-REPM SCS 

- Do you think the model is useful in its current state for assessing safety requirements processes? Why (not)? 
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o How could this be improved? 

- Do you think the model (including the description of each action) is useful in its current state for improving 

requirements processes? Why (not)? 

o How could this be improved? 

No, definitely not useful for assessing safety RE processes. We use ISO 14791 as a safety standards. This standard 

does not begin with requirements. The model itself is not necessarily bad. But I think the scope of the model is not 

good. Therefore, I think it is not useful. 

Although it is not useful for assessing, I think it may be useful for improving some processes. There are some actions 

in the model, which need to be implemented in our organization. For example, the actions of the SPA ‘Supplier 

Management’ is very good. 

Intention to use 

Uni-REPM SCS 

- Would you intend to use this model for assessing safety requirements processes?  

o If yes, why? 

o If not, what improvements should be made to the model that would lead to your usage of the model?  

No, I don’t believe is suits ISO 14791, where hazard situations are more important than the requirements. Using this 

model does not lead ensured safety. Therefore, I would not use it. 

Other 

- Do you still have any remarks or improvements you want to mention about Uni-REPM SCS? 

… 

 

 

 

 

 

 


