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Abstract 
To measure the performance of research and development organizations has long been a difficult 
task and still is partly due to the complex nature of its processes and activities, but also since the 
outcome in many cases can be seen first after many years. Also, the outcome is dependent on 
efforts from several other business functions within an organization. There has been a shift in 
how organizations view R&D, from being technology-push centered, where R&D had full 
responsibility of all innovations, to collaborating with innovation across functions within a 
company. Historically, R&D has been considered to be impossible to manage and control, but as 
the development has taken place R&D is now aligned with an organization’s business strategy. 
There is a vast amount of literature on performance measurement systems with focus on R&D to 
access, however, the focus of that research has been on evaluating performance of an entire R&D 
department or a specific project and not as much can be found on how to evaluate R&D related 
activities, which is what this thesis centers on. The research in this thesis has been done by 
conducting a case study at Sandvik Materials Technology’s R&D department in Sandviken, 
Sweden. Three case study objects have been studied within the case study and these objects are 
the OCTG project, non-destructive testing and hydraulic & instrumentation tubing. The case 
study consisted of interviews with employees at various functions within the company, an 
extensive literature review as well as a review of internal documentation.    
 
The result from the case study has been the design of a performance measurement framework 
and its application to the three case study objects, illustrating that it is possible to measure the 
performance of R&D related activities, thus, enabling a more transparent view of what value 
R&D contributes with. The framework is created in a way that allows for other organizations 
with similar settings as the one currently in place at Sandvik Materials Technology to utilize it. 
Implications from the findings have an impact both from an industrial and research perspective, 
but also from a sustainability perspective. The industrial implication is that a framework for 
evaluating and illustrating the performance of a R&D organization on an activity level has been 
designed. Considering the research aspects, this research contributes to the identified gap in the 
existing body of knowledge, providing additional knowledge on performance measurement 
systems on an activity level. From a sustainability perspective the framework enables monitoring 
and supervising of important processes, which could stimulate employees to undertake necessary 
actions, potentially leading to reduced negative impact on the environment since a lesser amount 
of resources and energy is consumed. 
 
Key-words: performance measurement framework, performance measurement systems, R&D 
value contribution, measurement of R&D activities   
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Sammanfattning 
Att mäta prestationen av forskning- och utvecklingsorganisationer har länge varit en svår 
uppgift, vilket det fortfarande delvis är på grund av de komplexa processer och aktiviteter som 
existerar. Detta beror även på att resultatet av forskning och utveckling (FoU) ej synliggörs 
förrän långt senare. Vidare är resultatet av FoU beroende av insatser från andra funktioner inom 
en organisation. Det har skett ett skifte i hur organisationer ser på forskning och utveckling, från 
att tidigare varit drivna av att utveckla teknologier med fullständigt ansvar för innovationer till 
att nu arbeta med innovation över funktionsgränserna som existerar i en organisation. Historiskt 
sett har FoU setts som omöjligt att styra och kontrollera men i takt med att skiftet har skett så är 
forskning och utveckling nu i linje med en organisations affärsstrategi. Litteratur på ämnet 
prestationsmätningssystem med fokus på FoU finns att tillgå, men fokus i de studierna har varit 
att utvärdera prestationen av hela FoU-organisationer eller specifika projekt. Desto mindre finns 
på ämnet hur man utvärderar FoU-relaterade aktiviteter, vilket är fokus i denna studie. Studien i 
detta arbete har utförts som en fallstudie på Sandvik Materials Technology’s forsknings- och 
utvecklingsenhet i Sandviken, Sverige. Tre fallstudieobjekt har studerats inom fallstudien och 
dessa objekt är OCTG-projektet, oförstörande provning och hydraulik- och instrumentrör. 
Fallstudien har bestått av intervjuer med anställda på diverse funktioner inom företaget och en 
extensiv genomgång av litteratur har gjorts samt en genomgång av intern dokumentation.   
 
Resultatet från fallstudien blev skapandet av ett ramverk för prestationsmätning och en 
tillämpning på de tre fallstudieobjekten, vilket syftar till att illustrera möjligheten att mäta 
prestationen av FoU-relaterade aktiviteter. Detta leder till en mer transparent syn på vilket värde 
forskning och utveckling bidrar med. Ramverket har skapats på ett sätt som möjliggör 
organisationer med liknande struktur som existerar på Sandvik Materials Technology att utnyttja 
det. Implikationerna från resultaten har en inverkan både ur ett industriellt perspektiv och ur ett 
forskningsperspektiv men även ur ett hållbarhetsperspektiv. Den industriella implikationen är att 
ett ramverk för utvärdering och synliggörande av prestationer av en forsknings- och 
utvecklingsorganisation på en aktivitetsnivå har skapats. Vid betraktande av 
forskningsperspektivet så bidrar denna studie till att fylla det identifierade gapet i 
kunskapsbanken genom att tillföra ytterligare kunskap av prestationsmätning på en 
aktivitetsnivå. Ramverket möjliggör övervakning och kontroll av viktiga processer, vilket kan 
motivera anställda att vidta nödvändiga åtgärder, som kan leda till reducerad negativ inverkan på 
miljön då en mindre mängd resurser och energi används.   
 
Nyckelord: prestationsmätningsramverk, prestationsmätningssystem, värdeskapande inom FoU, 
prestationsmätning av FoU-aktiviteter  
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ABBREVIATIONS AND GLOSSARY OF TERMS  
 
Abbreviations 
R&D 
SMT 

Research and Development 
Sandvik Materials Technology 

PMS Performance Measurement System 
NDT Non-destructive testing 
H&I Hydraulic & Instrumentation 
OCTG Oil Country Tubular Goods 
GPM Global Product Manager 
PA Product Area 
BU Business Unit 
NPV Net Present Value 
NCF Net Cash Flow 

 
 
Glossary of terms 
Business Sponsor An employee with mandate to approve 

financing of an R&D activity or project 
 

Case study object One of the three objects of study, one R&D 
project and two R&D functions 
 

Product Area SMT consists of three product areas, each with 
its own production, R&D, Sales and marketing 
function etc. 
 

Business Unit 
 
 
Fundamental research 
 
 
Product development 
 
 
 
Technology- & process development 

Smaller organizational units within a product 
area 
 
Long-term research for acquiring knowledge, 
without any explicit application in view 
 
Research projects of varying length with the 
objective of developing new or enhanced 
products and materials 
 
Continuous operational activities within R&D 
to improve processes and support other 
functions 
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1   Introduction 
The introduction will provide a problem description, purpose, research questions followed by 
delimitations and expected contribution of the research. 

1.1  Problem description 
Research and development (R&D) as a business function has been studied for a long time and 
the view on R&D processes have changed throughout the years, reflecting the state of the 
economy and the business environment. Different generations of R&D are generally synthesized 
in the literature, often associated to certain periods in time although parts from all generations 
are still in effect in many companies today. Todays globalized and highly competitive business 
environment requires a different management approach than what was used during the 
prospering fifties when the first generation R&D was dominant (Nobelius, 2003). The 
management of R&D has transitioned from being technology-push centered where R&D was 
seen as an overhead cost, and had the entire responsibility for innovation, to a networked process 
involving cross-border collaboration across the whole innovation system (Blomqvist, Hara, 
Koivuniemi, & Äijö, 2004). The performance measurement system (PMS) of a R&D 
organization has evolved accordingly and is now required in order to align R&D with the 
business strategy, despite the fact that R&D was once considered being a creative process 
impossible to manage and control (Chiesa V. , Frattini, Lazzarotti, & Manzini, 2008). Measuring 
R&D performance has always been difficult, partly due to the nature of the process that is highly 
uncertain, but also because the results cannot be evaluated in a long time and are subject to 
efforts put in from multiple business functions. Due to the difficulties of measuring R&D 
performance, discussions are often centered on costs, rather than the value created by R&D, and 
the budget is the result of negotiations with business sponsor functions where R&D is seen 
mainly as an expense center (Chiesa & Masella, 1996; Drongelen, Nixon, & Pearson, 2000).  
 
This phenomenon is experienced by the R&D department at Sandvik Materials Technology 
(SMT), part of the Sandvik Group and a world-leading manufacturer of advanced stainless steel 
and special alloys. The R&D department at SMT finds it hard to deviate from the cost reduction 
discussions and transition into a more constructive dialogue with the business sponsor functions, 
including the notion of created value more than what is done today. Since SMT R&D is largely 
financed by sales- and market related functions, the inability to show R&D’s contribution to the 
value creation process can inhibit more long-term investments in R&D. The objective is to create 
a framework for the process of constructing a performance measurement system with the unit of 
analysis on an activity-based level, which will enable a greater transparency of the cost-benefit 
ratio of R&D projects and activities. This objective can be achieved by reviewing the present 
performance measurement system of SMT R&D and make a thorough analysis of the desired 
performance measures of the R&D department and the business sponsor functions.  

1.2  Purpose 
The purpose of the thesis is to create a performance measurement framework that can be used to 
design a performance measurement system that evaluates the performance of R&D. The 
objective of the framework is to create a more transparent view of the cost-benefit ratio of R&D 
activities and enable more informed decisions on R&D investments. 

1.3  Research question 
The purpose of the research is achieved by answering the following research question: 

•   “What are the key parameters to consider when creating a performance measurement 
system and how can such a system be used to increase the transparency of the cost-
benefit ratio for R&D investments?” 
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The following sub-questions are to be answered to solve the main research question and to 
achieve the purpose of the research: 

•   “How is a performance measurement system designed?”  
•   “How can the most important performance measurement parameters for R&D and 

business sponsor functions be identified?”  
•   “How can realized business benefits be traced back and isolated to R&D efforts?”  

1.4  Delimitations 
The thesis focuses solely on performance measurement of R&D, excluding measurement of 
other functions in an organization. Furthermore, the unit of analysis for performance 
measurement is limited to focus on continuous activities within R&D’s daily operation and 
activities within projects, measuring the performance of the function as a whole is not a part of 
this research. The only case study performed has been carried out at the Tube R&D department 
of Sandvik Materials Technology. 

1.5  Contribution 
It is evident, reviewing the existing literature on R&D performance measurement, that R&D is 
often viewed as an expense center by other parts of the organization (Chiesa & Masella, 1996) 
(Dunk & Kilgore, 2003) (Chiesa V. , Frattini, Lazzarotti, & Manzini, 2008).  R&D performance 
measurement per se has also been studied extensively (Chiesa V. , Frattini, Lazzarotti, & 
Manzini, 2008) but there is limited research, to the authors knowledge, conducted on 
performance measurement with the unit of analysis on an activity-based level. This thesis has 
contributed to fill this gap and investigated how performance measurement can be used to 
mitigate the view of R&D as an expense center. 
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2   Method 
In the following chapter of the thesis, the methodology for how to conduct the research is 
presented. The various parts of the method of the thesis is addressed in a chronological order 
starting with the methodological approach then followed by the design of the research process, 
pre-study, literature review, interviews and the reliability and validity of the data collection as 
well as delimitations and lastly the generalizability of the conducted research.  

2.1  Methodological approach 
With respect to the stated research questions, that is supposed to answer what key parameters to 
consider when creating a performance measurement system and how such a system can be used 
to increase the transparency of the cost-benefit ratio for R&D investments, an inductive approach 
has been chosen with an interpretivistic paradigm as the foundation. When conducting research 
under an interpretivistic paradigm, the emphasis is on the quality and depth of the collected data 
regarding a certain phenomenon (Collis & Hussey, 2014). Throughout the thesis the problem 
description, research questions and the purpose of the research have been revised, therefore 
indicating that an inductive study is more appropriate to utilize (Blomkvist & Hallin, 2015). The 
collected data throughout the thesis has been qualitative in nature in order to attain the 
appropriate level of understanding with respect to a R&D department. 
 
A case study is a type of methodology used to examine, for example, a business, a group of 
workers or various events or processes. The case is an empirical study that investigates a 
phenomenon in its real-life setting (Yin, 2009). According to Otley & Berry (1994), the research, 
when conducting case studies, can be based on a single case and there are different kinds of case 
studies that can be utilized when performing a case study depending on the goal and purpose of 
the study, such as an exploratory or an opportunist case study (Benbasat, Goldstein, & Mead, 
1987). Benbasat et al. suggests that there are three reasons as to why a case study research is 
appropriate. A case study can be conducted in the phenomenon’s natural setting. Furthermore, it 
answers the why and how and gives insight into the nature and complexity of the phenomenon. 
Lastly, it is an appropriate way to examine a phenomenon in which there is a lack of research 
conducted previously (Benbasat, Goldstein, & Mead, 1987). 
 
The first step in organizing a case study is to select a suitable case that will encompass the 
sought phenomenon. A case study has therefore been conducted at Sandvik Materials 
Technology’s R&D department, within the product area called Tube, in order to gain in-depth 
knowledge and an understanding of what parameters that is important when evaluating R&D 
performance. It is considered as a suitable case for this study since the R&D department is 
experiencing excessive cost focus from business sponsor functions and has a need of showing 
their value contribution to other functions in a more transparent way. Furthermore, Sandvik 
Materials Technology conducts diverse research and development, which provides the possibility 
to choose a heterogeneous set of activities to study in order to enhance the generalizability of the 
framework this study aims to develop. 
 
Since access to the R&D department at SMT was available due to the fact that they were the 
issuer of the thesis, the case study that was conducted can be described as an opportunist case 
study (Otley & Berry, 1994). Interviews have been performed with controllers, scientists, 
engineers and project leaders as well as product managers at Sandvik Materials Technology, 
since understanding all aspects of the relationship between the business sponsor functions and 
the R&D department in the organization was essential for the progress of the thesis. 
Furthermore, throughout the thesis, interviews with employees at other functions were also 
conducted in order to attain a greater understanding of the context. 
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Various data collecting methods can be used when conducting a case study and the methods that 
was used for collecting data throughout the case study were interviews, internal documentation 
and a literature research. According to Eisenhardt (1989), combining different data collection 
methods when studying a phenomenon postulates greater substantiation of hypotheses and 
constructs. These methods will be described in further detail below. 
 
2.2  Research design 
Initial interviews were conducted with the supervisors of the thesis from the R&D department at 
Sandvik Materials Technology, which served as a way to obtain a deeper understanding of what 
literature to research and who to contact in order to initialize the case study. The supervisors’ 
positions were Head of the R&D department at Tube, which is a product area within SMT, 
Manager at the R&D department for Operational Excellence and Manager within R&D Process 
Management. Additionally, several other interviews have been carried out as well to get a greater 
understanding of how the problem affected other parts of the R&D department. Furthermore, 
these interviews also helped guide and narrow the scope of the study in the interest of 
maximizing effort put into the research. The foundation of the problem description was 
conceived from the supervisor’s perception of the challenge to get the rest of the organization to 
regard the R&D department as a way of enabling long-term growth and success for SMT. One of 
Sandvik Materials Technology’s primary strategies is to be a pioneer in cutting-edge materials.  
 
The research made throughout the thesis has been an iterative process, since new findings lead to 
new areas to explore as well as a revision of the research questions and the problem description, 
which is displayed in Figure 1. This was part of the pre-study that was performed along with a 
brief search of the existing body of knowledge to gain a holistic understanding of the literature as 
well as the R&D department. 
 

 
Figure 1: Research design process 

Pre-study 
The pre-study consisted of unstructured interviews with open-ended questions which allow the 
interviewee to give more elaborative answers as well as semi-structured interviews (Collis & 
Hussey, 2014). In total, six unstructured interviews were conducted with various employees with 
leading positions at the R&D department. These employees were selected in consort with the 
supervisors with respect to the information and insights they possessed at the time.   
 
The main reason for conducting unstructured interviews in the beginning was to extract as much 
information as possible since relevant details could have been lost if the interviews were too 
governed by the interviewers. After having gained a fundamental body of knowledge regarding 
the organization and relevant previous research on the topic, semi-structured interviews were 
performed in order to probe for more detailed information. These types of interviews are 
appropriate to use, for example, when it is vital to understand the interviewee’s basis for 
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opinions and beliefs and to grasp the respondent’s “world” (Easterby-Smith, Thorpe, & Jackson, 
2012). Throughout the pre-study, a brief holistic literature review was completed, which helped 
develop and progress the case study further since greater knowledge and an understanding of the 
context was achieved. The initial literature review also helped develop better and more precise 
questions when additional interviews were conducted. The preliminary interviews were located 
to Sandviken at Sandvik Materials Technology’s R&D department and was conducted face-to-
face. The length of the interviews varied between 30 – 60 min and all were recorded with the 
permission from the interviewees in order to enable the researchers to re-listen to the recordings 
so that no details would be left out or overlooked.  
 
In addition to conducting interviews with employees at the R&D department, PowerPoint slides, 
spreadsheets and documents acted as supplementary sources of information in order to build a 
solid understanding of SMT’s communicated strategy and vision as well as what the complete 
process looks like for projects and activities initiated by the business sponsor functions. 
 
The process of conducting the pre-study and the activities carried out during that phase has been 
closely linked to the purpose of the thesis and its research questions. The purpose and research 
questions have been continuously updated as new findings presented themselves in the pre-study, 
hence the feedback loop displayed between the first two steps in Figure 1. New findings could, 
for example, indicate that the research questions have been stated in a way that does not help the 
purpose, thus in need of a revision. Continuous revision is an important process which also helps 
to identify previous work conducted on the topic so that new findings can be produced to the 
academic world (Collis & Hussey, 2014).  
  
Literature review 
During the thesis a literature review was performed and reviewed continuously so that a solid 
foundation of knowledge could be established. The literature review helped identify potential 
knowledge gaps in the literature, gather relevant information and be used to direct attention and 
focus towards the more relevant areas of study. Not only did the review of the existing body of 
knowledge give insight into conclusions and results from previously conducted research on the 
topic of performance measurement systems, it also gave the authors information regarding how 
to design the research process.  
 
The existing literature on performance measurement systems and performance management 
systems is vast and it is not possible to be able to cover all relevant literature within the 
established time frame of the thesis. By reviewing the most cited authors and articles as well as 
reading dissertations on the topics, the scope of the search could be narrowed down resulting in a 
more lucid literature study. In order to maintain an overview of the researched literature, the 
authors of the thesis used a spreadsheet containing the authors of the articles and research, key 
words used when searching for the literature, the name of the articles and books as well as from 
which source the literature was obtained.  
 
The main source of information gathering for the literature review has been Emerald Insights, 
which is a database providing research and literature from Management and Specialist 
collections in various fields. Furthermore, Primo, a search engine provided by the KTH library, 
enables students and scientists to access basically the entire body of knowledge that exists in the 
library has also been widely used by the authors of the thesis. Data regarding the R&D 
department has been collected from Sandvik Materials Technology’s database with the help from 
the supervisors. Google scholar is a database, which enables information and data gathering from 
various articles and journals and has been frequently used throughout the thesis. Several other 
databases have been used to procure information regarding the research questions such as DiVA, 
JSTOR, avhandlingar.se and Wiley Online Library.   
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The keywords used when searching for and reviewing relevant literature are: “R&D decision-
making”, “R&D performance evaluation”, “Performance measurement systems”, “R&D 
portfolio management”, “R&D value contribution”, “Quantifying R&D activities”.  
The reviewed literature shifted as the thesis, and especially the pre-study, progressed since the 
research questions, scope and purpose of the thesis was revised as a result of increased 
knowledge of the initial problem formulation due to the reviewed literature and the initial 
interviews. After having collected and analyzed the literature related to performance 
measurement systems and performance management systems, the literature review was written 
in a critical manner with the intention of being able to contribute to these particular areas (Collis 
& Hussey, 2014). 
 
Interviews 
When writing a thesis under an interpretivist paradigm the interviews are a means of exploring 
the interviewee’s feelings, what they do and how they think of a certain topic related to the 
research questions (Collis & Hussey, 2014).  
 
Two types of interviews were used to collect information and develop an understanding of the 
context in which the preliminary research question resided - unstructured interviews and semi-
structured interviews. These two types have different areas of usage due to the fact that they are 
structured differently. The unstructured interviews were used during the pre-study as a way of 
gathering a fundamental understanding of the problem and the setting at the R&D department. 
The unstructured interviews consists of open-ended questions, since it is difficult for the 
interviewer to know what to ask for, whereas the semi-structured are a bit more to the point and 
more specific, although these types of interviews still contain open-ended questions. 
 
After having obtained the necessary level of knowledge from the pre-study, the interviews 
thereafter changed into a semi-structured setting with prepared questions for the interviewee to 
answer and open-ended questions in the end, which acted as a way for the interviewee to express 
any final thoughts (Collis & Hussey, 2014). The focus in these interviews was to gather 
information on what parameters are important to consider for the GPM’s and for the R&D 
department when carrying out a project or activity. Also, information regarding which KPI’s that 
was used and establishing an understanding of what the process of the activity looks like, from 
receiving an order to delivery of the service. Finally, connecting to the purpose of the study, the 
interviewees was asked questions where they could elaborate on their perception of R&D value 
contribution. The interview guide was structured according to themes that each encompassed 
several questions, these themes were: general; collaboration with R&D/other function; 
performance measurement of R&D; value of R&D. This provides a structure to the interview but 
also allows for adapting questions according to the answers of the interviewee.  
 
All the interviews throughout the thesis were conducted face-to-face at Sandvik Materials 
Technology’s R&D headquarters in Sandviken and at their satellite office in Kista, Stockholm, 
or via a conference call system. Both researchers were present and took keynotes although one 
was in charge of leading the interviews and the other was responsible for filling in potential gaps 
and wrote down notes in greater detail. The length of the interviews varied greatly and was 
between 30 – 90 min long. The interviews were recorded, with permission from the interviewee, 
with the use of an iPhone and summarized in order for the researchers to make sure that all the 
vital details were included.   
 
In total, 23 interviews were conducted; the roles of the interviewees are presented in Table 1 and 
are categorized according to whether the interviewees were interviewed in the pre-study, 
regarding performance measurement of R&D in general or as part of the case study. 
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Pre-study 
Performance Measurement of 
R&D Case study 

Head of R&D, Tube Head of R&D R&D Manager, Oil & Gas 
Head of R&D, Primary 
Products 

BU Manager Sales & Marketing, 
Core & Standard 

GPM Downhole Products, 
OCTG 

R&D Process Management 
Manager GPM Subsea Applications 

Technology and Quality 
Manager, Tube 

R&D Operational 
Excellence Manager GPM Downhole Products (OCTG) 

R&D Engineer,  H&I 
Tubing 

R&D Financial controller GPM Cladding Tubes GPM, H&I Tubing 

 
Technical Manager, Special Metals Quality Manager, Tube 

 

Production Unit Manager, Steam 
Generator Tubing 

Manager, NDT & 
Measurement 

 

Technology and Quality Manager, 
Primary Products 

NDT Manager, Special 
Metals 

  

NDT Manager, Steam 
Generator Tubing 

  

NDT Manager, Quality 
Tube 

Table 1: Interviewee summary 

A number of probes were used in order for the interviewee to be more elaborative when asked a 
question. According to Collis & Hussey (2014) using probes is a method for extracting 
maximum information from an interview and they are used in response to an interviewee’s initial 
answer. In Table 2 below, various probes and their characteristics are listed, which are based on 
the examples of probes stated by Collis & Hussey (2014). These were used throughout the 
interviews.  
 
Characteristic Probe 

Clarity Can you give me an example of this? 
Could you explain that again?  

Relevance 
How do you think that it relates to the issue at hand?  
Can you explain how the various factors that you mentioned influence each 
other? 

Depth Can you give some examples? 
Could you elaborate on that? 

Dimension Are there any more angles to look at this from?  
Do you think that this is a common opinion on the matter? 

Significance 
How important is this factor?  
What do you think is most important to consider? 
What do you think is least important to consider?  

Comparison Can you give an example of a different situation? 
In what way do you think your opinion differs from others? 

Bias What could cause a change in your current opinion? 
Why do you think that you hold this opinion on the matter? 

Table 2: Example of probes used during interviews 

 
Analysis of empirical data 
To analyze the empirical data collected from conducting interviews with the employees at 
Sandvik Materials Technology, the transcript was analyzed after each interview by both authors 
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independently of each other. The reason for analyzing the transcripts independently is to reduce 
the amount of influence on the thoughts and ideas that the authors have, thus, reducing bias in 
the analysis. Analyzing the transcripts allowed the authors to identify critical areas and key 
drivers that helped to focus more on these areas and drivers in other interviews, which helped 
steer the thesis in the right direction. The content was analyzed by eliminating all unnecessary 
data that are not relevant for the purpose of the thesis. Secondly, the data was structured and 
sorted into different themes of interest, as mentioned previously in 2.2, in order to enable the 
authors to access and review important information more efficiently.  
 
To gain greater understanding and depth in the thesis probes were used, as mentioned in the 
previous section, during the interviews. Using probes allowed the interviewee to elaborate on 
questions asked, therefore increasing the depth in the answers, thus helping the interviewers to 
understand key drivers better.  
 
2.3  Reliability and validity of data collection methods 
Research findings are characterized by reliability and validity, where reliability is signified by 
the ability to obtain the same results if the study was replicated on another instance, whereas 
validity is to the extent which a test measures what the researcher wants to measure. However, 
under an interpretivist paradigm the reliability of a study is, for the most part, irrelevant (Collis 
& Hussey, 2014). A higher validity can be achieved through triangulation since it reduces bias in 
data sources and methods (Jick, 1979). Throughout the empirical data gathering triangulation of 
theories, data triangulation and methodological triangulation has been used to increase the 
validity of the research conducted as these are part of the main categories used in triangulation 
(Easterby-Smith, Thorpe, & Jackson, 2012). 
 
Literature review 
The literature review, which has been conducted as part of the research, consists of a great 
number of articles, dissertations and books, all of which varies in age. Some of the articles are 
themselves or refers to articles that are written well over 20 years ago. The fact that these sources 
of information are old, and perhaps outdated, decreases the level of validity and reliability since 
there could be newer findings available. However, as mentioned previously the amount of 
information regarding performance measurement systems and performance management systems 
is vast and consequently increasingly difficult to pinpoint the best obtainable information. The 
authors, therefore, to a large extent, triangulated information in articles from various sources and 
examined the number of citations for a specific article in order to make sure that they are 
sufficiently prominent, thus increasing the level of validity and reliability.  
 
Interviews 
The thesis mainly relies on qualitative data and the interviews have been the primary source for 
obtaining the data. Qualitative data is often exposed to a certain level of bias, which can be 
attributed to a person’s subjectivity, opinions, ambition, motivation etc. (Collis & Hussey, 2014). 
In order for the authors to increase the validity and reliability, data triangulation was used in the 
sense that several employees at SMT were interviewed and asked the same questions, thus 
providing information from different sources, which then can either concur or oppose the 
answers from other interviewees. According to Collis & Hussey (2014), this way of establishing 
the accuracy in statements, made by the issuers of the thesis, should increase the validity and 
reliability of the information received.  
 
Investigator triangulation is another way to increase the validity and reliability, which entails that 
different researchers are collecting information independently and separately on the same 
phenomenon and then compare the results (Collis & Hussey, 2014). However, as the authors of 
the thesis comprised of two persons it would be difficult to conduct interviews separately since it 
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opens up for increased bias and misinterpretations. Nevertheless, all the interviews were 
recorded which enabled the authors to revisit them. This could have been a way to use 
investigator triangulation, although there are other factors that should be taken into account other 
than the mere words such as body language, confidence in the voice and the atmosphere during 
an interview since these factors also contribute to bias.  
 
All of the conducted interviews were either unstructured or semi-structured. These types of 
interviews consist of, for the most part, open-ended questions, which leaves room for the 
interviewee to provide answers with inherent bias and for the interviewer to interpret the answers 
in a specific manner, which could be a construct exposed to subjectivity. Consequently, these 
results could be hard to mimic at a different point in time, thus, decreasing the validity and 
reliability. However, as the interviews were recorded it increases the reliability since there would 
be a basis to proceed from in the same interviews were to be conducted again.  
 
Methodological triangulation 
According to Voss, Tsikriktsis & Frohlich (2002) there are both advantages and disadvantages 
when using a single case study. A greater depth can be achieved when only conducting a single 
case study. However, it limits the ability to generalize on the conclusions drawn and opens up for 
biases in, for instance, the representativeness of single events and exaggeration of easily 
available data.  
 
Yin (2009) presented a framework for increasing the validity and reliability in case study 
research, which has been applied to the case study research conducted in this thesis. The 
framework consists of four tests that establish a level of quality of the research design. The four 
tests are: Construct validity; Internal validity; External validity; Reliability. In all of these four 
tests there are different tactics that can be utilized in order to increase the validity and reliability. 
Construct validity refers to the fact that case study investigators often fail to develop a sufficient 
operational set of measure and subjective judgments are used when collecting data. Internal 
validity is mainly a concern when conducting explanatory case studies, for instance, when an 
investigator is focused on explaining how and why event x led to event y. However, this test is 
not relevant for this thesis as it is considered to be an opportunist case study. The third test is 
External validity and it deals with the issue of knowing whether a study’s findings can be 
generalized in a greater sense and not only valid for a particular case study. The last of the four 
tests is Reliability, whose objective is to establish a process which an investigator can, at a later 
point in time, use and thus conduct the same case study again resulting in the minimization of 
errors and biases. 
 
The authors of the thesis have used various tactics in order to increase the validity and reliability 
of the case study research. These tactics are displayed in Table 3 below. For the construct 
validity, multiple sources of evidence/information have been used when collecting data. Also, 
the key informants have reviewed the case study report so that the content is accurately described 
and portrayed. As mentioned earlier, internal validity is not of importance since the thesis deals 
with an opportunist case study. The external validity has its foundation in the theory obtained 
when conducting the case study research and literature review. Finally, a case study protocol has 
been used to keep track of all the steps taken in the thesis in order for an external investigator to 
conduct the same case study again at a later point in time. This is a tactic used to increase the 
reliability.  
 

Tests / Case study tactic Tactic used in thesis Phase of research in which 
tactic occurs 

Construct validity •   Used multiple sources of 
evidence 

•   Data collection 
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•   Key informants reviewed 
the case study report 

•   Composition 

Internal validity Not relevant in this thesis Not relevant in this thesis 

External validity •   Used theory in the single-
case study •   Research design 

Reliability •   Established a case study 
protocol •   Data collection 

Table 3: Case study tactics 

2.4  Developing the framework 
The framework that was developed in this thesis was based on information gathered from the 
literature, interviews and documentation regarding the internal projects and activities. To fit the 
purpose, the framework has been designed to encompass drivers on an activity-based level which 
aims to highlight an example of what can be measured and how to increase the transparency of 
R&D activities. Furthermore, the developed framework constitutes parts from various 
frameworks than can be found in the literature such as the balanced scorecard and the 
performance prism and has been incorporated to fit the purpose of the thesis along with the 
findings from the interviews and internal documentation. Also, the framework is influenced by 
the work done by Chiesa et. al (2008). 
 
There is limited research conducted on how to conduct measurement on an activity-based level 
within research and development organizations. Therefore, in order to illustrate how it would fit 
into a company, it has been applied to SMT and their R&D department within three focus areas 
to illustrate how it can be accomplished. Additionally, the framework can be applied to a 
multitude of different organizations and it is dynamic in the sense that it can incorporate a wide 
range of activities and projects, thus making it more generalizable. When applying the 
framework to the three focus areas the purpose of the thesis is integrated – increasing the 
transparency of what value the R&D department contributes with to the business sponsors.  The 
general framework was constructed to be generalizable to R&D departments at other companies 
as well, which has resulted in that the framework consists of concepts that are meant to be 
general in its nature. The framework is displayed in the results section along with the application 
of it to the three focus areas. 
 
2.5  Generalizability of the research 
Since a case study at the R&D department at Sandvik Materials Technology has been conducted, 
it raises the question of whether or not it is possible to apply the findings and the designed 
framework to other organizations. Collis & Hussey (2014) present arguments that it is possible to 
generalize the findings from a single case, assuming a profound understanding of the 
circumstances and the context of the phenomenon has been attained. The thesis aimed to provide 
a framework for constructing a performance measurement system used to evaluate performance 
of R&D activities and its contributed business benefits. As mentioned previously, the 
generalizability of the conclusions drawn are limited when using a single case study (Voss, 
Tsikriktsis, & Frohlich, 2002). However, the case study consists of three case study objects, 
comprising of one project and two activities. These case study objects were chosen through a 
discussion with the supervisors of the thesis from Sandvik Materials Technology with the aim of 
choosing activities that are clearly distinguished from each other in order to increase the 
generalizability of the research. One of the two activities has a focus on assisting the production 
unit and the other on assisting a sales & marketing unit within SMT, additionally, the project 
included in this study further differs from the activities in the way that it is not a continuous 
activity. The project and activities will be explained in further detail in chapter 4.2.  
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The framework was designed by reviewing the literature and conducting interviews. The authors 
designed the framework with the possibility to make it applicable to other areas of business in 
order for it to be generalizable. Furthermore, the framework should also be applicable to other 
R&D organizations. With this in mind the authors were influenced by frameworks that are 
supposed to be generalizable. To illustrate how it could be implemented, the framework was 
applied to the three case study objects and information from the interviews was used to make it 
fit the activities and project. The case study objects were chosen due to being heterogeneous and 
distinguished from each other, which further increases the generalizability of the framework. The 
generalizability of the framework was a key consideration throughout the entire research project 
and efforts were made to design it to be dynamic because of this reason. The framework is broad 
and include general guidelines in how to design a performance measurement system, thus, 
having a wide range of applicable industries.  
 
2.6  Consideration of ethical issues 
Research ethics is of utmost importance when writing a thesis and conducting research. There 
are many guidelines for researchers to consider and several of them have been listed by Collis & 
Hussey (2014). The authors of the thesis have been considerate of these guidelines. Every 
interviewee was offered anonymity and confidentiality so that none of their thoughts and 
opinions can be traced back to them. This is also a way of increasing the validity and reliability 
of the collected data. The authors also treated the interviewees with dignity in order for them to 
feel safe and comfortable. Additionally, the purpose of the research was always stated during 
interviews so that complete openness and transparency existed between the interviewers and 
interviewees. All the interviews were recorded in order for the researchers to be able to go back 
for specifics at a later stage in the thesis and everyone involved in the interviews gave their 
consent to be recorded.  
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3   Literature and theory 
The literature and theory chapter consists of a review of the existing body of knowledge in 
regards to R&D performance measurement systems and covers the structural attributes that 
makes up a performance measurement system. 

3.1  Performance measurement systems 
Performance measurement systems is a widely studied subject that have been of interest to 
researchers from many areas, such as strategy management, management accounting, human 
resources, information systems, operations management and many more (Franco-Santos, et al., 
2007). The diversity and vastness of the research have created confusion in regards of what is 
actually meant by a performance measurement system. Franco-Santos et al. (2007) made an 
effort to review all the present definitions of what a performance measurement system is in order 
to illustrate the complexity of the subject. The paper concludes that a performance measurement 
system is often defined as having one, or a combination, of: 

•   Features (elements that constitutes the system) 
•   Role(s) (the purpose of the system) 
•   Processes (actions that are combined to constitute the system)  

 
Franco-Santos et al. (2007) finds that there is little consensus across any of the three factors 
above. The most cited features were “performance measures” and “goals”, these appeared in 
roughly half of the articles that were analyzed. Partial consensus was observed regarding the 
roles of a PMS, the five most cited roles were, in order: strategy implementation; focus attention; 
internal communication; measure performance; progress monitoring. The only process that 
seemed to be of general importance across the majority of the article in the study was 
“information provision”. It is not advised to merely combine the most frequently cited features, 
roles and processes in order to create a definition but the study shows that many papers fail to 
clearly define their perception of a PMS, which makes it difficult to generalize and compare 
results with other studies. Therefore, this paper intends to clearly state a definition that will be 
adopted throughout this thesis. 
 
The definition of a performance measurement system adopted in this thesis is originally 
proposed by Andy Neely (2002, s. 145) and suggests that a performance measurement system 
“enables informed decisions to be made and actions to be taken because it quantifies the 
efficiency and effectiveness of past actions through acquisition, collation, sorting, analysis, 
interpretation and dissemination of appropriate data”. This definition is adopted because it 
indicates the: constituting parts of the system; it’s role; the supporting processes that needs to be 
in place in order for it to actually become a system and not just a set of metrics. Furthermore, this 
definition of a performance measurement system aligns well with the objective of the 
performance measurement framework developed in this study, which is to create a more 
transparent view of the cost-benefit ratio of R&D activities to enable more informed decisions on 
R&D investments. 
 
Classification of performance measurement systems 
Chiesa & Masella (1996) summarizes different approaches to performance measurement of R&D 
using previous works that have applied different perspectives and defined a taxonomy taking two 
dimensions into account: timing of measurement; internal or external comparison. Chiesa & 
Masella proposes a modified taxonomy, including also ex-ante measurements, which implicates 
that in their taxonomy, timing of measurement is defined as whether the measurement is 
performed before, during or after a research project is completed. Internal or external comparison 
refers to whether the performance measurement system includes benchmarking against other 
firms or applies any other external factor as a reference. Chiesa and Masella introduces also that 



13	  
	  

a performance measurement system should be classified according to the unit of analysis, 
meaning that the focus could be either on individual projects or on the function as a whole. 
 
Chiesa & Masella (1996) describes different performance measurement approaches and points 
out their differences in terms of the three previously explained categories. The first class is 
focusing on skills in the R&D organization, trying to explain and identify success factors for 
superior performance, looking beyond only the amount of money spent on R&D. It takes an ex-
ante approach, observing the entire R&D function and often benchmarks against other 
organizations. This approach is cited as a feed-forward control by Drongelen & Bilderbeek 
(1999), that has the objective of “ensuring that the right organizational conditions are in place to 
enable good performance”. The second approach is internal and measures individual projects, 
before, during or after project completion. Such approaches are often qualitative in nature, due to 
the difficulties in quantifying R&D performance. Despite the known difficulties of creating 
quantitative measures, the third category that Chiesa & Masella acknowledges is quantitatively 
oriented but the authors states that these often cannot isolate R&D’s contribution to profits. 
Quantitative approaches are generally taking on an internal, ex-post, approach assessing both the 
function as a whole and individual projects. The fourth, and final, measurement approach in their 
paper regards those who compare a company’s practices to others. It distinguishes from the first 
approach since these are looking at the R&D operation instead of the overall R&D 
organizational skills. The approaches are summarized in Table 4. 
 

Approach type Organizational 
skills 

Qualitative 
project 
evaluation 

Quantitative 
measurement 

Operation 
benchmarking 

Timing of 
measurement Ex-ante Ex-ante, In-

process, Ex-post Ex-post In-process and 
Ex-post 

Internal / 
External External Internal Internal External 

Unit of analysis R&D function Projects Projects and R&D 
function 

Processes and 
R&D function 

Table 4: Classification of measurement approaches by Chiesa & Masella (1996) 

Ojanen & Vuola (2003) set out to categorize measures and evaluation methods of R&D 
performance in their “State-of-the-art review on R&D performance analysis”. It is concluded that 
categorization of evaluation methods can be done in several ways, but the authors choose to 
group the methods in five different categories. The categorization is made based on the purpose 
of R&D performance measurement, suggested or reported measurement levels, types of R&D 
measured, perspectives of measurement and the phase of R&D process where measurement is 
most applicable. It can be argued that the categorization by Ojanen & Vuola is more dynamic 
and not as simplified as Chiesa & Masella’s. As an example, the measurement perspective could 
very well be internal or external, but it could be extended or specified to also be for example 
customer, financial, learning etc. The measurement level and the process phase on the other hand 
corresponds well to the unit of analysis and the timing of measurement, but Chiesa & Masella 
chose to not include purpose of measurement and the R&D type in their categorization. It is 
noteworthy though, that most of the frameworks for constructing a performance measurement 
system reviewed in this study concludes that the purpose of R&D performance measurement and 
the type of R&D measured defines the design of the system (Ojanen & Vuola, 2005; Chiesa V. , 
Frattini, Lazzarotti, & Manzini, 2008; Drongelen & Cook, 1997; Bigliardi & Dormio, 2010). It is 
thus an important parameter to consider and should not be neglected. 
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Categorization of measures 
Drongelen & Cook (1997) states that all the metrics they identified in literature and in their case 
study companies can be categorized as operationalizations of at least one of the five following 
measures: Time; Cost; Quality; Innovativeness; Contribution to profit. Chiesa & Masella (1996; 
Drongelen & Cook, 1997) propose to measure the contribution of R&D to economic value 
creation by the measures of: Technological success; R&D Productivity; Adherence to 
scheduling; The degree of integration with manufacturing; The degree of integration with 
marketing. A measurement system commonly used and referred to is the Balanced Scorecard, 
developed by Kaplan and Norton in 1992, which suggests categorizing metrics according to four 
different parameters: Financial perspective; Customer perspective; Internal business 
perspective; Innovation and learning perspective. It is supposed to minimize information 
overload by only focusing on the four most important perspectives. In addition, the balanced 
scorecard also enables managers to see whether improvement in one area is achieved on the 
expense of another (Kaplan & Norton, 2005).   
 
Technical success is defined as the technological progress of a product, process or technology, 
measured as the difference between the current performance and that of the past version. This 
could be categorized as a quality measure using the categorization of Drongelen & Cook (1997). 
Chiesa & Masella (1996) reasons that relevant measures of productivity should concern the ratio 
of technical progress to the amount of resources spent, for example time or costs. Adherence to 
scheduling is a time focused measure and the authors conclude that it is important since 
profitability is often related to the capability of developing new products or processes in a short 
time. The last two categories concern integration with other functions so that a product can be 
easily manufactured and generate revenues. Such measures are clear examples of what would be 
categorized as contribution to profit in Drongelen & Cook’s categorization. Chiesa & Masella 
gives examples such as time to market, number of redesigns, manufacturing cost, percentage of 
sales from new or enhanced products, customer satisfaction etc.  
 
Performance measures have also been grouped according to whether it measures tangible or 
intangible results. Lönnqvist & Van der Meer (2009) showed in their literature review and 
explorative case study that intangible aspects are important in R&D projects but that it is difficult 
to utilize the measures in R&D projects in practice. Additionally, they argue that it traditionally 
has been a focus on financial aspects of R&D projects, neglecting the intangible aspects. The 
authors take on the “intellectual capital approach”, dividing intangible aspects into three parts: 
 

•   Human capital (employee competence and innovativeness) 
•   Structural capital (company culture, patents and internal database) 
•   Relational capital (brand and customer relationships) 

 
The study further divided intellectual capital in intangible input and output, identifying several 
indicators of intangible aspects. Table 5 shows a summary of the indicators identified. 
 
Intellectual capital Input of R&D Output of R&D 
Human capital Diversity of skills; 

Experience and education; 
Creativity; Innovative 
behavior 

R&D process skills; Tacit 
Knowledge; New personal 
relationships 

Structural capital Organizational culture; 
Cross-functional teams; 
Internal collaboration; 
Management support; 
Practices  

Technical reports; New 
technology; Licenses; New 
or improved processes; 
Publications; Patents; New 
product announcements 
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Relational capital External stakeholder 
contribution; Customer input; 
Customer involvement; 
external collaborations 

New or improved customer 
relationships; Brands; 
Knowledge spillover 

Table 5: Intangible input and output (Lönnqvist & van der Meer, 2009) 

The classification of tangible and intangible measures is useful but it is noteworthy that the 
indicators provided in the review by Lönnqvist & van der Meer mainly takes on the entire R&D 
function as the unit of analysis. Because of this reason, it is questionable whether the more 
detailed measures provided in the paper are of great importance to this research since the unit of 
analysis is different, focusing more on measurement of research activities and projects than the 
department as a whole.  
 
The unit of analysis is one way to categorize performance measures, related to that is the 
hierarchical level of performance measures as described by Tangen (2004). A distinction 
between strategic-, tactical- and operational performance measures is made in the paper, where 
strategic measures should have a time horizon that exceeds a year and operational measures a 
time horizon less than a month. This categorization is combined with another categorization of 
performance measures in a matrix-like pyramid with the hierarchical levels vertically. The 
measures on the horizontal level are mainly developed for a manufacturing company although 
some would work equally well in an R&D setting, the measures combined with the hierarchical 
categorization in the paper by Tangen are: Quality; Speed; Dependability; Flexibility; Cost.  
 
Reviewing theories on categorization of measures, time, cost and quality has proven to be 
recurring measures. These three measures are referred to as the project management triangle, 
also known as the iron triangle. The project management triangle consists of three criteria’s or 
constraints in which a project is measured and evaluated. It entails how well a project 
management team is able to manage the expectations of a project with respect to the criteria’s. 
The idea behind the triangle is to illustrate that one criteria cannot be altered without affecting 
the other two, meaning that the priorities must be clear in order to achieve the objective of a 
project (Atkinson, 1999). The criteria’s has been referred to as the results measures by Meyer 
(1994). Meyer argues that while these criterias are a tool to tell where a project stands in relation 
to the goals it aims to achieve, they do not tell how it got there or what should be done 
differently, thus arguing that the iron triangle is inadequate in certain situations depending on the 
perspective. However, in this thesis the objective is to increase transparency on R&D activities 
in order to display the contributions made by R&D. Therefore, it is sufficient to use the iron 
triangle in the original manner, which is based on time, cost and quality, as described by Olsen 
(1971). In Figure 2, the iron triangle is shown containing the three criteria’s.  
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Figure 2: The Iron Triangle 

3.2  Quantitative measurement of R&D performance 
Chiesa & Masella (1996) briefly reviews previous work attempting to quantitatively measure the 
impact of R&D on business performance. They conclude that it has proven difficult to eliminate 
the effect of other factors and that most PMSs treats profitability at a given point in time as the 
only measure of business performance. Even though there is evidently difficult to identify 
quantitative measures, Chiesa & Masella (1996) argues that efforts to develop a performance 
measurement system for R&D should focus on this and specifically on measures that are under 
complete or partial control of R&D managers. 
 
Chiesa & Masella (1996) defines an approach where they refer to economic value as a firm’s 
primary objective and tries to define value drivers for R&D projects. Economic value is defined 
as 𝑁𝑃𝑉 = %&'())
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+  where T is the forecast period for a project and NCF(t) is the net cash 

flow in a given year, 𝜎 𝑡  is the discount rate for a given year. The forecast period for a project, 
T, can be seen as the economic lifetime of a project and in order to address the fact that previous 
works have found it difficult to eliminate the effect of other functions efforts, the authors 
distinguishes between what happens before and after the end of a R&D project. By denoting the 
point in time when a R&D project ends with t*, the former equation can be split into two time 
periods: 𝑁𝑃𝑉 = %&'())

(+,- ) ).
)∗
+ + %&'())

(+,- ) ).
/
)∗,+  . The first term in the equation refers to the net 

cash flow for the part in time where the R&D project is ongoing, NCF(t<t*) is often negative 
since revenues are usually generated after project completion, the second term refers to the cash 
flow after the end of a project. 
 
The framework that Chiesa & Masella propose centers its focus on identifying and distinguishing 
between dimensions under complete and partial control of R&D and provides examples of 
measures to use within each dimension. The dimensions identified in the paper are: 
 

•   Technological success, which has an influence on future revenues as it may affect 
customer satisfaction 

•   R&D productivity, which impacts NCF(t<t*) 
•   Adherence to scheduling, which influences revenues 
•   Integration with manufacturing, which can help to reduce costs after t* 
•   Integration with marketing, which can increase revenues after t* 
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Figure 3 shows which dimensions that Chiesa & Masella considers to be under complete or 
partial control of R&D. 

 
Figure 3: Performance Measures (Chiesa & Masella, 1996) 
The performance measurement system that Chiesa & Masella proposes is grounded in a desire to 
measure R&D performance in terms of net cash flow. Although it provides a useful distinction of 
performance dimensions under complete or partial control of R&D, it fails to give detailed 
guidelines on how a company should work to achieve accurate measurement of R&D’s 
contribution to net cash flow. As a system, it is basically divided in two main parts, one which 
measures the performance of R&D on a project level and as a whole function, and one which 
assess the degree of integration of R&D to the rest of the firm.  
 
Hannon, Smits & Weig (2015), employees at McKinsey & Company, have also attempted to 
address the difficulty in quantifying R&D performance and benefits through a formula, which 
was published in McKinsey Quarterly. The formula, according to the authors, may not have 
solved the issue of quantification with respect to R&D productivity; however, it could be used as 
a tool for organizations to obtain a transparent overview of their R&D department. The formula 
has been designated, in the article, mainly as a tool for conducting projects with a commercial 
product as the end result. Still, the formula could be used to measure productivity for other types 
of projects as well.  
 
The formula for calculating absolute R&D productivity, the output of a R&D organization, 
consists of three parts, the total gross contribution, achieved product maturity and consumed 
R&D costs. Total gross contribution is defined as a projects economic value to its beneficiaries, 
although difficult to quantify, historical data can be used to determine projects productivity in 
retrospect. However, if a project is ongoing or are yet to be initiated, estimates must be used and 
the authors clearly states that the formula is only as good as its inputs – the better the forecasts 
the better the formula will work. But to just measure the gross contribution of a project is not 
enough, the achieved product maturity needs to be taken into consideration as well. The maturity 
refers to how close a project or a product is to be finalized and ready for commercial use. The 
closer to maturity the more likely the expected gross contribution will be realized according to 
the authors’ previous experiences. The last part of the formula, consumed R&D costs, refers to 
the costs associated with a project. The complete formula is presented below.  
 

𝑅&𝐷	  𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦	   =
𝑇𝑜𝑡𝑎𝑙	  𝑔𝑟𝑜𝑠𝑠	  𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 ∗ 𝐴𝑐ℎ𝑖𝑒𝑣𝑒𝑑	  𝑝𝑟𝑜𝑑𝑢𝑐𝑡	  𝑚𝑎𝑡𝑢𝑟𝑖𝑡𝑦

𝐶𝑜𝑛𝑠𝑢𝑚𝑒𝑑	  𝑅&𝐷	  𝑐𝑜𝑠𝑡𝑠  
Equation 1: Absolute R&D productivity 
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The formula can be used for other purposes than measuring absolute R&D productivity; it can 
also be used to measure the relative R&D productivity as well as specific1 R&D productivity, 
which enables organizations to track the performance of individual projects in order to 
investigate which project teams are performing well. This can serve as an important first step to 
determine what the key factors for success are in a R&D department. These two additional 
measurements can be achieved by isolating the left and right part of the formula as displayed in 
the equations below. The relative productivity is the left part of the formula stated above and can 
be used to develop a metric that allows organizations to prioritize between various projects, thus 
enabling a more efficient allocation of resources. The specific productivity is the right part of the 
formula.  
  
𝑅&𝐷	  𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦	   𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒 = 	  

𝑇𝑜𝑡𝑎𝑙	  𝑔𝑟𝑜𝑠𝑠	  𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛
𝐶𝑜𝑛𝑠𝑢𝑚𝑒𝑑	  𝑅&𝐷	  𝑐𝑜𝑠𝑡𝑠  

 

Equation 2: Relative R&D productivity 
 
𝑅&𝐷	  𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦	   𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 = 	  

𝐴𝑐ℎ𝑖𝑒𝑣𝑒𝑑	  𝑝𝑟𝑜𝑑𝑢𝑐𝑡	  𝑚𝑎𝑡𝑢𝑟𝑖𝑡𝑦
𝐶𝑜𝑛𝑠𝑢𝑚𝑒𝑑	  𝑅&𝐷	  𝑐𝑜𝑠𝑡𝑠  

 

Equation 3: Specific R&D productivity 

The formula suggested by Hannon, Smits & Weig (2015) could be used as a tool to gain insight 
into the productivity and success of R&D organizations. However, the formula for measuring 
absolute and relative productivity uses total gross contribution as a piece of the puzzle. This can 
be used retrospectively to measure previous projects, but if it is to be used to determine the 
productivity of ongoing projects, the user must estimate the gross contribution of that particular 
project, which is not to be underestimated. Estimating that part of the formula could potentially 
be not only difficult, but also time-consuming. The authors of the article themselves states that 
the output of the formula is only as good as its forecasts and input, which results in a trade-off 
between input for the formula and other tasks at hand leading to a matter of priorities. Because of 
the difficulties in measuring gross contribution of ongoing projects, the absolute and relative 
formulas are perhaps not as useful as the formula for specific R&D productivity.  

3.3  Balanced scorecard approach for R&D performance measurement 
The balanced scorecard was developed by Kaplan and Norton (1992) as a way to put the strategy 
and vision, instead of control, in the center of performance measurement. The purpose of the 
balanced scorecard is to pull the organization and the employees toward the overall vision by 
developing measures that are aligned with the company strategy. By setting goals for people to 
achieve but not micromanaging individuals’ way to achieve those goals, the balanced scorecard 
relies on the assumption that employees will adopt to necessary behaviors and undertake actions 
that are needed to reach the goal. The distribution of the overall strategy downwards in the 
organization through alignment of measurements enables companies to use performance 
measurement as a way to look forward instead of backwards. Hence, it is clear that Kaplan and 
Norton (1992) came up with the balanced scorecard as a tool to improve the operation in a 
company and guide its way forward. That is not the primary purpose of the performance 
measurement framework this thesis aims to develop, but since the balanced scorecard is widely 
adopted within performance measurement of R&D, it is considered as a relevant method to 
                                                
1 The word specific is not mentioned in the article, but was labeled by the researchers of the thesis in order to clearly 
state which formulas that are being referred to 
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review. In addition, Bremser and Barsky (2004) suggests that a balanced scorecard can be useful 
when the purpose of the performance measurement system is to provide inputs for justification 
of the existence, decisions and performance, since it can help to guide employee decision-
making and provide a common framework when evaluating decision alternatives. 
 
The balanced scorecard divides measurements into four perspectives: financial; customer; 
internal business processes; innovation and learning (Kaplan & Norton, 1992; Bremser & 
Barsky, 2004; Garcia-Valderama, Mulero-Mendigorri, & Revuelta-Bordoy, 2008). Kaplan and 
Norton (2005) say that customers’ concerns usually fall into the performance categories of time, 
cost, quality and performance and service. Typical measures within the customer perspective are 
lead time, defect levels and on-time delivery. These are general measures, applicable in many 
companies and industries, which means that the definition of a metric often varies with the 
context within where it is applied. Furthermore, Kaplan and Norton didn’t create the balanced 
scorecard for a R&D department specifically, which implies that some metrics that they propose 
needs to be adjusted or might not be applicable in a R&D context. Customer-based measures 
need then to be converted to internal measures, or basically what the company needs to do to 
fulfill its customers’ expectations. The focus should be directed to the processes that have the 
greatest influence on customer satisfaction and the measures should be chosen so that they are 
influenced by the employees’ actions. If the employees have limited possibilities to affect the 
process that is being measured, then the tool no longer serves its purpose of aligning the 
employees’ actions and behavior with the overall strategy of the company. The innovation and 
learning perspective is important because the targets for success are constantly changing, 
meaning that seemingly great measures for the customer perspective and internal processes will 
eventually become outdated due to increased competition, technological change or some other 
external factor. Kaplan and Norton (2005) argues that a company’s ability to innovate and learn 
has direct impact on the value of the company since its capability to develop new products, 
improve its operations and enter new markets is the only way for the company to ensure 
sustainable long-term growth. Specific measures within this perspective relates to the customer- 
and internal perspective by measuring improvement in those areas over time. Other measures are 
focusing on product- and process innovation with new sales ratio as a common metric. Finally, 
the financial perspective is supposed to show whether the company’s strategy and execution 
provides financial return on the bottom line. Common goals regard profitability, growth and 
shareholder value. The causality between operational- and customer satisfaction improvement 
and improved financial results have proven to be uncertain. It is not guaranteed that these factors 
correlate and it is important to understand that the balanced scorecard doesn’t set out to solve the 
challenge of improving financial results. The balanced scorecard is merely a way to translate a 
company’s strategy into measurable goals that should help to execute the strategy, but if the 
strategy itself is wrong, then the balanced scorecard is of limited use (Kaplan & Norton, 2005).       
 
The balanced scorecard is a widely adopted performance measurement tool, which have resulted 
in that it is understood differently among organizations and not always similar to the original 
construct by Kaplan and Norton. Soderberg et.al. (2011) studied organizations interpretation of 
the balanced scorecard and created a taxonomy to be used when classifying a performance 
measurement system as a balanced scorecard. They suggest that a balanced scorecard should 
have three structural attributes: 
 

1.   Its measures are derived from strategy 
2.   There is a balance among measures 
3.   The measures are causally linked 

 
The first structural attribute means that measures should originate from the strategy, which is a 
chronological order of great importance when applying the balanced scorecard since the 
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objective is to put the vision in the center of performance measurement. This orderly way of 
generating metrics with the vision at the starting point is referred to as cascading, which is used 
to align metrics on every level in the organization with the company strategy (Bremser & 
Barsky, 2004; Garcia-Valderrama, Mulero-Mendigorri, & Revuelta-Bordoy, 2008). Bremser and 
Barsky (2004) suggest that the cascading process should be a participative process where 
consensus is achieved between managers at upper and lower levels. The starting point should 
always be strategic indicators at firm level, on which a balanced scorecard is prepared and 
communicated downwards in the organization to a division or a business unit. It is imperative to 
make sure that there is a mutual understanding between the levels of how the measures relate to 
strategy implementation in order for the cascading process to be successful in multiple steps 
downward in the organization. 
 
Secondly, a balanced scorecard should have a balance between measures in the four 
perspectives. Soderberg et.al. (2011) describes how Kaplan and Norton have argued that there 
exists an over-reliance on traditional financial measures, which creates a short-sighted view on 
the business. Balancing the number of measures between the four perspectives and also 
balancing the number of leading and lagging indicators (explained below and closely linked to 
the third structural attribute), is a key structural attribute of a balanced scorecard. 
   
Finally, a key concept within the balanced scorecard is leading and lagging indicators, also 
mentioned as performance drivers and outcome measures. Between these indicators, it is 
hypothesized to be a causal relationship of cause and effect. The leading indicator is the driver of 
performance, meaning that a change in the leading indicator should affect the lagging indicator 
in a predetermined direction (Bremser & Barsky, 2004). 

3.4  The Performance Prism 
The performance prism is a framework, created by Andy Neely and Chris Adams, which in a 
structured way enlightens organizations complex relationships with key stakeholders. The 
framework aims to provide a holistic approach to direct management attention towards the long-
term success factors and also helps to design, build, operate and update the performance 
measurement systems currently in place within the organization. The prism consists of five 
fundamental factors: Stakeholder satisfaction; Stakeholder contribution; Strategies; Processes; 
Capabilities. The reason for calling the framework a prism is because of its ability to illustrate 
hidden complexities, and in this case the true complexity of performance measurement and 
management. The authors argue that if not the right level of attention is attributed to the multiple 
stakeholders, an organization’s corporate reputation as well as its shareholder value will most 
likely suffer (Neely & Adams, 2002).  
 
The framework begins by determining the stakeholder values and what the organization wants 
and needs from the respective stakeholders as well as what the stakeholders demand from the 
organization. After having stated these terms, the organization must decide how to prioritize 
between the stakeholders meaning which stakeholders are more important to consider when 
designing the strategy, since the overall objective with an organization is to deliver value to its 
shareholders. When the appropriate strategy has been chosen, processes must be aligned and 
designed to fit the strategy. The processes in an organization exist to show what, where, when 
and how work is to be executed. Furthermore, in order to be able to execute the processes the 
necessary capabilities within an organization must be in place. These capabilities can be seen as 
a combination of an organization’s procedures, technological readiness and infrastructure that 
constitutes the capability to generate value for its stakeholders (Neely & Adams, 2002). In 
Figure 4 below, the performance prism is shown with its five fundamental factors.  
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Figure 4: The Performance Prism 

 
All of the fundamental factors mentioned above are important to consider when designing a 
performance measurement system. However, the first two factors, stakeholder satisfaction and 
stakeholder contribution has been emphasized in this thesis when designing the framework. This 
is due to the organizational context at SMT. Most of the activities and projects conducted by the 
R&D department is being financed by the business sponsor functions, which results in a more 
complex stakeholder management situation than compared to if the R&D department was, for 
instance, financed solely with a central budget. Since R&D is mostly financed by the business 
sponsors it is of great importance that consideration is shown towards what value the R&D 
activities will contribute to them. In general, attention needs to be directed towards creating an 
understanding for what value is wanted from the R&D department and what value is actually 
being delivered. This needs to be synchronized in order to avoid unnecessary costs that are not 
bringing value to key stakeholders.  
 
One of the key points, which the authors of the book highlight, is the need for clarity and solid 
communication throughout an organization. Employees need to understand what is most 
important and of highest priority for the organization and the measures should be consistently 
reaffirmed in order to ensure their importance. Furthermore, employees should also be constantly 
encouraged to improve the performance of the measures. To accomplish this, motivating 
incentives must be in place and clear processes on how to act on the data that is being measured 
in order to make it meaningful. Also, the measures that are used in different parts of an 
organization should be communicated so that an understanding of it all is established and ties 
together to deliver stakeholder value (Neely & Adams, 2002).   
 

3.5  Designing a framework for constructing a performance measurement system 
There is a vast amount of studies and research conducted on performance measurement systems 
and more specifically what it should contain. However, there is less to be found on how to design 
a performance measurement system. Neely et al. has conducted a literature review of the existing 
body of knowledge regarding how to design a performance measurement system. In their 
research Neely et al. concludes that consistency in actions and decision-making is key in order to 
realize a strategy, which a performance measurement system should be derived from (Neely, 
Gregory, & Platts, 2005). One author that has presented guidelines for how to design a system is 
Globerson (1985). Globerson’s guideline contains eight steps which are presented in the table 
below. 
 

 

 

Stakeholder	  satisfaction 

Stakeholder	  contribution 

Capabilities 

Strategies 

Processes 
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Performance criteria 

Performance criteria must be chosen from the company’s objectives 

Performance criteria must make possible the comparison of organizations which are in the same 
business 

The purpose of each performance criterion must be clear 

Data collection and methods of calculating the performance criterion must be clearly defined 

Ratio-based performance criteria are preferred to absolute number 

Performance criteria should be under control of the evaluated organizational unit 

Performance criteria should be selected through discussions with the people involved 
(customers, employees, managers) 

Objective performance criteria are preferable to subjective ones 
Table 6: Guidelines for designing a framework for performance measurement 
These guidelines served as a starting point for the design of the framework presented in this 
thesis. However, all of the steps in Table 6 were not relevant since the scope of the thesis was 
limited to the internal environment within an organization thus leaving, for instance, the second 
criteria obsolete. Neely et al. (2005) argues that the performance measurements must be 
consistent with the organization’s culture and not only with the strategic objectives. Similarly, 
Maskell (1991) provides seven characteristics, which are presented below: 
 

•   Directly relate to the manufacturing strategy 
•   Primarily use nonfinancial measures 
•   Vary among locations 
•   Change over time 
•   Are simple and easy to use 
•   Provide fast feedback to operators and managers 
•   Foster improvement instead of simply monitoring 

 
These seven characteristics that Maskell offers aims to provide guidelines for manufacturing 
organizations, therefore they are not all relevant as this thesis aims to provide a way to highlight 
the values created in R&D units. The characteristics stated above are similar to those offered by 
Globerson, although in order to fit these into the purpose of the thesis they had to be altered to 
better accommodate the research and development environment rather than manufacturing. The 
reason for choosing these two set of guidelines as a foundation for the design of the framework 
provided by this thesis was due to the fact that there is a lack in the body of knowledge regarding 
guidelines on how to design performance measurement system for research and development 
purposes.  
 
Chiesa & Frattini (2007) has conducted research on the topic of how measurement objectives 
influence the performance measurement system design in R&D activities. Furthermore, they 
performed case studies at four Italian research intensive companies with the purpose of 
examining the respective companies’ performance measurement systems. Chiesa & Frattini 
concluded that these four companies have similar structures in their systems, but with two 
distinctions. These distinctions are based on the measurement objectives and are divided into 
hard objectives and soft objectives. The hard objectives are used for, for instance, diagnosing 
activities for supporting resource allocation, reducing uncertainty and improving R&D 
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performance whereas the soft objectives are used for enhancing communication and 
coordination, stimulating learning and motivating people. The fundamental requirements for the 
hard objectives are precision, measurability and timeliness and for the soft objectives 
completeness. These requirements that Chiesa & Frattini has provided can be used as a way to 
further build on the guidelines provided by Neely et al. and Maskell since they are more specific 
and communicate how to categorize various performance objectives. In Table 7, the differences 
between hard and soft objectives are presented (Chiesa & Frattini, 2007).  
 
Objectives Performance 

dimensions 
Indicators Process Structure 

Hard:  
Diagnosis 
activity, reducing 
R&D risk, 
improving R&D 
performance 

Narrow set of 
monitored 
performance 
dimensions. 
Selected 
coherently with 
strategic 
success factors 

Use of few 
indicators to 
measure each 
performance 
dimension. 
Predominance of 
quantitative 
objective indicators 

High frequency of 
performance 
measurement. 
Standard imposed 
by superiors. 
Standards defined 
on the basis of 
pas performance 
or industry 
benchmarks 

Application of 
performance 
indicators to 
the R&D unit 
and the project 
level 

Soft:  
Motivating 
people, 
communication 
and coordination, 
learning 

Wide set of 
monitored 
performance 
dimensions 

Use of several 
indicators to 
measure each 
performance 
dimension. 
Predominance of 
quantitative 
subjective and 
qualitative 
indicators 

Low frequency of 
performance 
measurement. 
Collective 
definition of 
standards 

Application of 
performance 
indicators to 
the R&D unit 
and the 
individual level 

Table 7: R&D performance measurement system objectives and characteristics 

When applying these guidelines, provided by Neely et al. and Chiesa & Frattini, to the aim of 
this thesis – to highlight the values created by R&D - it is possible to consider it as a soft 
objective since it can be interpreted as a way to enhance communication internally. Although, it 
might include hard objectives in order to fulfill the purpose, the soft objective, depending on the 
chosen path meaning that it is possible to highlight the value created by R&D through 
measuring, for instance, the economic value or how well the communication and coordination is 
functioning. These are then examples of hard (economic value) and soft (communication and 
coordination) objectives.  
 
The balanced scorecard, as mentioned previously in the literature review, is a way to 
communicate the overall strategy within an organization by using performance measurements. 
Kaplan & Norton (1993) presented eight steps in how to build a balanced scorecard consisting 
of, in general, preparation, interviews, executive workshops and implementation as well as 
periodic reviews of the scorecard. The process, which Kaplan & Norton communicates, has been 
utilized to a certain degree in this thesis – not all eight steps have been executed, but the process 
has been applied to some extent. The creation of the framework, which is done by the authors of 
this thesis, has been influenced by the guidelines provided by Maskell (1991), Globerson (1985) 
and Chiesa & Frattini (2007) as well as Kaplan & Norton (1993). 
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4   Empirics 
The empirics chapter consists of a brief introduction to the organizational structure of SMT and 
describes how it implicates the internal view on costs and the cross-functional relationships. 
Following that is a description of the case study objects that are included in the case study, it is 
intended to give a background for the results that are presented in the subsequent chapter. 

4.1  SMT organization 
It is imperative to understand the organizational structure of SMT and the internal process of 
financing R&D in order to fully capture the case specific problem of excessive cost focus on 
R&D projects and activities. Figure 5 shows the organizational structure of SMT in general and 
shows the product area Tube and the business unit Oil & Gas as an example of the structure 
within the product areas. Tube is the product area in which three projects have been studied, and 
Oil & Gas is a business unit in which one of the projects belong. SMT has three product areas: 
Tube; Strip, Wire and Heating Technology; Primary Products. Each product area consists of a 
number of business units, which in turn has multiple products with a responsible Global Product 
Manager (GPM).  

 
Figure 5: SMT organizational structure 

Since excessive cost focus is the core problem, as perceived by the issuer of the thesis, it is 
beneficial to have a brief understanding of the R&D financing process at SMT. The R&D 
department of SMT is financed either by a central budget, reserved for fundamental research, or 
by the respective product area, the business sponsors, where each specific product account is 
evaluated from a profitability perspective. Every R&D activity that is not financed through the 
central budget is sponsored by a specific product account, to which all R&D expenses are 
assigned. This is sometimes problematic since R&D can find it hard to receive funding for a 
research project that is not very closely connected to any of the product accounts but also 
because the GPMs have little to gain from sponsoring a project that is not contributing explicitly 
to one of their products. A GPM is evaluated mainly by the group gross profit, i.e. the profit 
margin of the product accounts, so it is a rational implication that GPMs try to reduce the cost of 
R&D since it is an obvious way to increase the group gross profit but also because costs are 
more visible than the R&D contribution to revenues.  
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Figure 6: SMT R&D organizational structure 

The aim is that the framework developed in this thesis can minimize the visibility gap between 
R&D costs and contribution, so that the R&D managers will find it easier to describe the 
rationale for an investment, and GPMs will have a greater understanding of how R&D results 
can positively affect their product portfolio. 
 
Activities performed within R&D can be categorized as fundamental research, product 
development and technology- and process development where GPMs have incentives to invest 
mainly in product development and business critical support activities within technology- and 
process development. Fundamental research does not generally provide results as quickly as 
product development, even though it might contribute extensively in a long-term perspective. 
From a company perspective, it could potentially be beneficial to allocate more R&D resources 
to long-term initiatives but the current organizational structure and the responsibilities of the 
business sponsors does not allow for GPMs to make this kind of investments. This is the result of 
the current organizational structure and is not the main issue that this thesis aims to resolve, since 
the product areas are supposed to allocate most resources to business critical support activities 
and product development. By making the R&D contribution to business benefits more visible, 
the objective is to increase transparency of the cost-benefit ratio of R&D and enable greater 
insight into the performance of R&D activities. 

4.2  Description of projects and activities in the case study 
As described in chapter 2.1 Methodological approach, this research is opportunistic in its nature 
since Sandvik Materials Technology is the issuer of the thesis. This has provided the opportunity 
to conduct an in-depth case study of research activities and projects in a real life setting, enabling 
the researchers to thoroughly examine the value adding effect of the research activities and 
projects included in the case study. In total, one project and activities within one support function 
and one product segment of product area tube were chosen for study. These case study objects 
were decided in collaboration with the R&D manager for product area tube, one manager within 
R&D processes and one manager within R&D operational excellence, with the aim of choosing 
case study objects that are clearly distinguished from each other in order to increase the 
generalizability of the research. Selecting heterogeneous activities increases the requirement for 
the framework to be applicable for a wider set of activities, thus resulting in a more general 
framework. Below follows a brief description of the three case study objects, that also entails an 
overview of the activities or subprojects that are included in the respective main case.  
  
 
OCTG project 
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Oil Country Tubular Goods (OCTG) is used both on- and off shore for extracting oil and gas 
from the ground. Sandvik Materials Technology produces both casing and production tubes in 
corrosion resistant stainless steel or nickel alloys (Sandvik Materials Technology, 2016). Casing 
tubes are used to prevent the drilled hole from collapsing, inside the casing tube is the production 
tube that is used to transport the oil to the surface (IMOA, 2016). OCTG is the label for products 
that are used within the oil extraction industry, both on- and off-shore. It is a large market 
segment but it is also characterized by heavy competition, which puts high pressure on SMT to 
appear as a versatile manufacturer that can handle a diverse range of lengths and dimensions. 
The tubes that SMT manufactures are cold-worked and should sustain evenly distributed 
material strength across the entire tube in every direction after the pilgering process. The 
material strength specifications for casing- and production tubes are so high that it is not possible 
to achieve by applying a hot process, which is usually used to give the material its desired 
strength. Therefore, the purpose of pilgering the cold-worked tubes are twofold: in order to shape 
the dimension of the tube; to give the tube its material strength. When cold-worked steel is being 
deformed, its stiffness increases, which is why pilgering can be used for this purpose. 
 
The OCTG project was initiated to reverse declining production performance and to investigate 
the internal manufacturing capabilities in order to not lose commercial opportunities. Three main 
objectives for the project were defined: 
 

•   Way of working – To identify problems in the current way of working with OCTG 
products and identify solution activities to improve the way of working within multiple 
functions in the product segment 

•   Capabilities – To learn about the internal capabilities and what products SMT are 
confident to offer and manufacture 

•   Material performance – To provide fact based data to enable appropriate technical 
marketing of SMT materials versus competitor alternatives 

  
Hydraulic and instrumentation tubing 
Hydraulic tubing is used in systems where energy is transmitted by means of a fluid, commonly 
pressurized mineral oil or water. The tubes are used in applications such as cranes or lift trucks 
that handles heavy goods or operates in marine environment, which requires corrosion resistant 
material with high mechanical strength. Instrumentation tubing is used to connect process lines 
to instruments which measure and control the pressure, flow, temperature and composition of 
chemical solutions. Liquid or gas is flowing in the tube but it can also be used as protection, e.g. 
for fiber optics (SMT Hydraulic and instrumentation tubing, 2016). Sandvik Materials 
Technology offer tubes in corrosion resistant stainless steel and nickel alloys, all tubes are 
produced with smooth surfaces and very narrow dimensional tolerances to prevent leakages 
when the tubes are connected with couplings (Sandvik Materials Technology, 2016).  
 
Hydraulic and instrumentation tubing are standardized products but despite relatively little need 
for research and development in the product area, the R&D department at SMT is still 
performing continuous activities to support other functions regarding these products. Three 
activities performed continuously by R&D have been identified and included in the case study: 
 

•   Customer complaint handling - Refers to when R&D is hired to find the root cause for 
product defects that are detected on site at the customer.  

•   Creation of value arguments - Regards testing and analyses that R&D performs in order 
to obtain greater knowledge about Sandvik- and competitors material performance.  

•   Technical sales support - Concerns activities where R&D is approached by sales 
managers or technical marketing managers that require assistance to answer difficult 
material related questions posed by customers.  
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These three activities together compose to a great extent what R&D is doing within hydraulic 
and instrumentation tubing.     
 
Non-destructive testing 
Non-destructive testing (NDT) is not part of any specific product segment but works as a support 
function for all product areas. Sandvik Materials Technology manufactures high quality tubes in 
corrosion resistant alloys that are used in environments where tube defects could have severe 
consequences, e.g. tubes are used in applications for nuclear power plants and in oil extracting 
processes. Therefore, testing for even the smallest defect that exceeds the customer specification 
is a central part of the production process. For this purpose, ultrasonic testing is integrated in the 
production process to ensure that damaged tubes are not delivered to the customer (SMT Non-
destructive testing, 2016). Two core activities within the non-destructive testing function have 
been identified for detailed investigation as a part of the case study performed in this research: 
 

•   Manufacturing of reference tubes for ultrasonic testing – In order to verify whether a 
tube has defects that exceeds the specification or not, a reference tube is used where 
defects of exactly the allowed dimension is replicated. The reference tube is used to 
set the ultrasonic testing equipment that then searches for longitudinal and transversal 
defects in the tube. 

•   Calibration – The NDT function performs calibrations of equipment and sensors that 
are required to be regularly calibrated in order to be allowed in production. 
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5   Results and discussion 
This chapter of the thesis presents the results and analysis of the conducted research. The 
following methods have been used to acquire the results: interview rounds, development and 
application of a framework, all of which are presented in the chapter.  
 
The data collected through the use of the above mentioned methods is qualitative in nature and is 
presented in a chronological order. The second round of interviews conducted at Sandvik 
Materials Technology is presented first followed by the development and application of the 
framework. This chapter concludes with a summary of the obtained results and the conducted 
analysis. The results have been continuously analyzed throughout the thesis, although, once all 
the data collection came to a conclusion a more thorough and in-depth analysis of the results was 
performed.  
 
The initial round of interviews conducted, as part of the pre-study, will not be presented in this 
chapter since they aimed at helping to develop the research questions, problem formulation and 
help guide the researchers into which areas to explore in the literature review.    
 

5.1  Results from the second round of interviews 
In this section, the results from the second round of interviews at SMT is presented with the 
purpose of collecting qualitative data on the current processes within the company. More 
specifically regarding how projects and activities are followed up and how the interaction 
between the business sponsors and the R&D department is functioning. The number of 
interviews conducted by the researchers throughout the second round was 17 and the interview 
guide for the different interviews can be found in Appendix A, B and C. Results from the three 
focus areas in this thesis is also included here as part of the second round interviews. 
 
Results from interviews with GPMs 
In Table 8, answers provided by global product managers from different business units are 
presented. The global product managers are often associated with the business sponsor functions 
who are working closely with the R&D department. There are also several other positions that 
are considered to be a part of the business sponsor functions, however, a main difference 
between the global product managers and the other positions is that the former also has economic 
responsibilities which the latter might not have.  
 
 

Position 

Q: What metric are 
you first and 

foremost measured 
on and report to 
your supervisor? 

Q: How do you evaluate 
R&D and determine whether 

or not a project or activity 
has been successful? 

Q: What is the most 
important criteria to 

consider when ordering 
projects and activities 

from R&D? 

GPM 1 Sales and new orders. 

Quality, for instance, is hard to 
measure. It is connected to 

customer satisfaction. Delivery 
on time and within budget. 

Quality is the most 
important criteria. Then 
time and lastly the costs. 



29	  
	  

GPM 2 Sales and new orders. 

R&D is usually good at staying 
within budget, but finishing on 

time is not as good as 
expected. The quality is rather 
good, although it is difficult to 
measure. For the most part you 
need to rely on R&D and the 

quality they provide. 

Quality is the most 
important criteria to 

consider. 

GPM 3 Sales and new orders. 

The quality and delivery on 
time is critical, but it is 

difficult to measure quality. 
Customer satisfaction is 

probably the only feedback we 
get on quality. 

Quality is most important 
followed by time and then 

costs. 

GPM 4 EBIT, volume and 
revenue. 

It is very difficult to measure. 
On rare occasions a new 

product is developed within my 
area since it consists mostly of 
standardized products. R&D 

assists when facts and 
arguments are needed for 
achieving additional sales; 

therefore it becomes hard to 
evaluate their contribution. 

Quality is most important 
followed by time and 

lastly the costs. Although, 
it varies from time to time. 
In some cases it is valid to 

pay more depending on 
importance and priority 
and in some cases not. 

Table 8: Results from interview with GPMs 

It becomes evident that the single most important criteria to consider is the quality of the work 
delivered by R&D, according to the global product managers. However, it is difficult to measure 
the quality of the work, thus forcing the business sponsors to trust the work done by R&D. Most 
often R&D delivers a technical report after having completed a project or activity, depending on 
the size of the project or activity, and in some cases a certificate is delivered to establish a trust 
in the work conducted. The difficulty in measuring the performance of R&D could be attributed 
to the fact that the business sponsors do not always possess the necessary technical skills needed 
in order to assess the performance.  
 
As has been mentioned previously, the R&D department is often seen as a cost center resulting 
in discussions regarding costs associated with using R&D, but as can be seen in Table 8, the 
costs are most often the least important criteria to consider out of quality, time and cost. Since 
the products offered by Sandvik Materials Technology are often used in hazardous environments 
such as oil platforms and nuclear reactors the products must be of the highest quality. 
Furthermore, the time is usually critical which leads to prioritizing these two criterias before the 
costs. This relates back to the iron triangle, which aims to illustrate the overall criterias for 
project management and how changing one affects the others. Consequently, it becomes 
apparent that the costs must be compromised in favor of quality and time. However, it is 
noteworthy that the discussions are mainly about the costs when it is the least important criteria.  
 
Results from the OCTG project 
OCTG is the label for products that are used within the oil extraction industry, both on- and off-
shore. It is a large market segment but it is also characterized by heavy competition, which puts 
high pressure on SMT to appear as a versatile manufacturer that can handle a diverse range of 
lengths and dimensions. The tubes that SMT manufactures are cold-worked and should sustain 
evenly distributed material strength across the entire tube in every direction after the pilgering 
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process. The material strength specifications for casing- and production tubes are so high that it 
is not possible to achieve by applying a hot process, which is usually used to give the material its 
desired strength. Therefore, the purpose of pilgering the cold-worked tubes are twofold: in order 
to shape the dimension of the tube; to give the tube its material strength. When cold-worked steel 
is being deformed, its stiffness increases, which is why pilgering can be used for this purpose. 
Unfortunately, it is an unpredictable process, which makes it difficult to manufacture tubes that 
live up to the standards every time, sometimes several attempts are needed in order to get tubes 
with the right properties. This decreases the profit margin and has historically created many 
independent research projects in order to understand what causes the defects. The OCTG project 
was initiated to reverse declining production performance and coordinate many, prior to this, 
unstructured research investigations in the product segment.  
 
A greater understanding of what the capability is regarding the quality in the production of tubes 
was one part of the objective that the R&D department strived for in the OCTG project. In the 
short-term, this would then lead to better margins on the accepted orders due to being more 
informed on what dimensions they are capable of producing without having to spend too much 
resources on achieving the desired material strength, which would cause margins to erode. 
Having the necessary capabilities is essential in this type of business environment. Since the 
tubes are delivered on a project basis, which implies not having a consistent cash flow, it is 
important to ensure profitability on the accepted projects. Looking at the OCTG project long-
term, it not only assures knowledge on the range of dimensions possible to offer to customers, it 
also makes SMT quicker at responding to customer offers. In terms of being quicker at 
responding to offers, it would be possible to develop a matrix that clearly states which 
dimensions has been provided historically, and also which dimensions SMT are capable of 
delivering as a result of the increased knowledge acquired from the project. In the matrix, the 
various dimensions could be displayed with a simple signaling system that illustrates the 
readiness of providing a dimension. For example, the dimensions could be color coded with 
green for what can be delivered with certainty, yellow for the dimensions that are inconclusive, 
thus requiring further investigation and red for those that cannot be delivered.  
 
Interviews conducted with employees involved in the OCTG project shows that there are other 
benefits to having developed a greater understanding of the capabilities. It is possible to accept 
orders that SMT has declined previously as a result of not knowing the limits. Analogously, 
SMT also have the possibility to decline orders with low profitability that had been accepted 
before. Furthermore, the orders offered from customers can be analyzed in greater detail in order 
to ensure that the margins are maintained at an acceptable level. These examples could be a way 
to measure the effect of the work done by the R&D department. Measuring, for instance, the 
declined orders that previously would have been accepted could illustrate the saved financial 
value, since the margins on these orders most likely are poor. This could be enabled as a result of 
the OCTG project.  
 
Material performance was another subproject within the OCTG project that was used to evaluate 
how well certain materials are performing in various environments. The R&D department 
conducted the investigation and the results are to be used as value arguments for SMT when, for 
instance, approaching new potential customers or existing ones. The findings from the 
investigation concluded that certain materials that SMT are offering can be used in tougher 
environments than previously known. This then allows SMT to offer these materials to oil and 
gas companies that are requiring durable materials without having them upgrade to stronger and 
more expensive ones, which could result in maintaining and acquiring business from current and 
new customers. A potential measure is the order volume for orders accepted outside the regular 
standard for the product, such a measure would indicate the value of these material performance 
investigations. 
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The third subproject was to investigate the way of working and what could be altered in order to 
gain a more effective working process. A more effective way of working could possibly lead to 
SMT being more confident in providing certain dimensions to customers. Increased knowledge 
into the activities in the working process would be valuable to measure, enabling a way to 
determine if an activity is not functioning as well as it is supposed to, thus creating a tool to keep 
track of and mitigate inefficiency. However, according to the interviewees, it is difficult to 
measure the way of working and its activities in a practical manner. Although, similarly to the 
capabilities subproject, having the necessary routines for how to handle offers from customers is 
essential in order to avoid the acceptance of potentially unprofitable orders since the products are 
very price pressured. Many offers from customers also have limited time frames which put 
greater pressure on having adequate routines in how to handle them, thus avoiding the loss of 
orders.              
 
Cost of non-conformance is a measure of costs associated with discarded products, actions 
connected to rework and costs for customer complaint handlings. It is an internal measure of 
product quality and it is used for production purposes, but it can also be used by, for instance, the 
R&D department. It would be possible to measure the impact that certain projects conducted by 
R&D has on the cost of non-conformance. Measuring the change in costs could be a tool to 
assign value to the work done by R&D. If, for example, a project carried out by the R&D 
department is thought to have a positive impact on the cost of non-conformance, measuring that 
particular change would then provide a way to suggest what value R&D contributed with. 
Although, the costs associated with customer complaint handlings is more difficult to attribute to 
the work conducted by the R&D department since these complaints can occur long time after 
having completed the project.  
 
Overall, after having conducted interviews with employees involved in the OCTG project the 
quality of the work done by R&D does not seem to be an issue. On rare occasions there is a lack 
in quality, but it is also expected since errors occur due to, for instance, human intervention. 
However, the time it takes to carry out certain activities is, generally, not as well perceived as the 
quality of the work at the R&D department. Furthermore, findings from the interviews suggest 
that certain projects are not being followed up extensively and to the point. This is partly due to 
having steering group meetings where updates on the progress are conducted continuously. 
Therefore, the need for following up the outcome of a project is diminished. As long as the 
members of the steering group are in agreement with regards to the result, there is no need for an 
official follow up. Although, it might not be necessary for the employees that are part of the 
steering group to conclude the outcome of a project in a formal manner, it is of importance for 
others that has not been part of the steering group and for the future. If no formal documentation 
has been done on the outcome it prevents employees in the future to go back and take part of that 
particular knowledge.  
 
To summarize, there are several factors that can be used to measure the outcome of a project. 
The OCTG project was divided into three subprojects which focused on capabilities, material 
performance and the way of working. The work done in the project has been carried out with 
great involvement of employees at the R&D department. The value of the R&D efforts will 
appear within other functions, e.g. production and sales. This requires input from these functions 
in order to realize the potential value contribution of the work done by R&D. Therefore, it is 
needed to measure changes in sales or production performance to be able to attribute the value to 
R&D. Despite the fact that these measures are subject to efforts put in by other functions, this 
way of constructing measures indicates the actual value contribution of R&D.  
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Results from Hydraulic & Instrumentation Tubing 
The results from the second round of interviews regarding the focus area Hydraulic & 
Instrumentation Tubing is broken down into three subcategories, namely customer complaint 
handling, creation of value arguments and technical sales support, all of which will be presented 
below.  
 
After having discussed the customer complaint handling with employees at Hydraulic & 
Instrumentation Tubing during interviews, several significant results can be attributed to this 
subcategory. The customer complaint handling is mainly used for examining, for instance, 
specific product defects and other similar problems that arise at a customer’s location. The 
difficulty in determining the root cause of a problem varies from time to time. In some instances, 
the R&D department is involved due to difficult circumstances in determining the cause, 
otherwise the technical marketing managers have the knowledge and experience required to 
accomplish this.  
 
One clear example of a benefit resulting from a customer complaint handling, which was 
discussed during interviews, is the knowledge that was acquired from conducting an 
investigation on the root cause of the problem for the customer. The knowledge that came with 
the investigation eventually lead to further research into the matter which resulted in the creation 
of value arguments that could be used to initiate contact with new and current customers in order 
to inform them of the new findings. This then resulted in client meetings where new sales 
opportunities could be presented - an example of new possibilities arising from work conducted 
by the R&D department such as finding new customers or upgrading existing ones to better 
suited materials with respect to the customer’s present environment. The value created by R&D 
in this case is difficult to measure – what value R&D would be attributed in the customer 
complaint handling is hard to quantify, although it would be possible to measure the effects of 
the new sales opportunities generated. Number of customers upgraded or number of new 
customers are two parameters that could be measured, which also are possible to quantify in 
economic terms. For instance, the first of the two parameters is a direct result of the new findings 
from the R&D department that informs current customers that their existing materials are 
inadequate for that particular environment and therefore needs to be upgraded in order to avoid 
potential future problems.  
      
Another important aspect to consider is the lead time in the customer complaint handling cases. 
The time it takes to investigate the complaint and what caused the error for the customer is of 
utmost importance and is driving costs internally. There is a possibility to measure the time 
aspect of the customer complaint handling on an activity level which would allow the 
organization to overview in greater detail how long the activities take, thus, enabling a way to 
pinpoint what activity takes the most time which then opens up for an analysis into how to make 
that activity more efficient and cost effective. Furthermore, it also serves as a way to follow up 
on cases that have taken to long and investigate what caused the time delay.  
  
Technical sales support is used as a support function for the sales representatives and the 
technical marketing managers. If the sales representatives receive a question from a customer 
that they cannot answer in an adequate manner, they forward the question to the technical 
marketing managers who most often can answer the questions. Although, at times the questions 
require specific and in-depth knowledge that the technical marketing managers might not possess 
– the matter is then sent to the R&D department for further investigation. Findings from the 
interviews conducted shows that the internal communication and processes are not optimal and 
can lead to increased costs for the business support functions that are using the R&D department 
as a support function in these matters. The increased costs are a result of the fact that the sales 
representatives in certain cases takes a matter directly to the employees at R&D instead of taking 
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it to the technical marketing managers due to having developed a good relationship with the 
person responsible for these questions at the R&D department, thus feeling comfortable to 
initiate contact directly. This then leads to, in some cases, that resources at the R&D department 
is wrongfully utilized causing additional costs in terms of personnel which will be accounted for 
as an expense on the business sponsors account.  
 
From the interviews, it is clear that both the customer complaint handling and the technical sales 
support can lead to the creation of value arguments used in sales purposes. However, value 
arguments can be created without having to be a result from the two categories mentioned. It can 
be initiated by a business sponsor function in order to come up with new findings that can be of 
interest for current and potential customers. Not only can these findings lead to more sales 
meetings, but it can also instill greater confidence in the sales representatives, who in turn can 
increase the number of orders. According to the interviewees on the matter it is possible to 
measure the number of sales meetings generated by the findings, but it is not conceivable to 
measure the effect it has on the sales representatives in terms of confidence due to the difficult 
nature of such a measure.  
 
To summarize, the findings from the interviews conducted with employees at Hydraulic & 
Instrumentation Tubing suggests that there are measurements that can be used to monitor the 
performance of an R&D department on an activity-based level. Examples of such measurements 
as mentioned above are lead time, number of sales meetings generated by value arguments and 
number of upgraded customers. Utilizing such measures would give the R&D department an 
instrument to improve the operations, thus becoming more efficient.  
 
Results from Non-destructive testing 
Non-destructive testing is a support function within R&D process management that works 
together with all product areas. NDT manufactures reference material for ultrasonic testing in 
production, performs calibrations of equipment and sensors, leads measurement training and 
employee certification in non-destructive testing and consults in market related questions (SMT 
Non-destructive testing, 2016). Results from interviews with three NDT managers at different 
production units are presented below, the interviews centered on the value-adding effect of 
manufacturing reference tubes and performing calibrations. These interviewees were chosen 
since they are the most frequent business sponsors for NDT.  

Manufacturing of reference material for ultrasonic testing needs to be done for every new order 
that involves new dimensions or defect tolerances. Reference material is used to calibrate the 
ultrasonic equipment to enable it to distinguish between defects that are within the specified 
limits and those who exceeds it and therefore cannot be delivered to the customer. The yearly 
need for reference material varied between the interviewees, and thus varies between products, 
from typically two pieces per year to one piece per day. This variance in need for reference 
material origins from the fundamental market differences that applies to the products the 
interviewees work with. The product segment that has low need for reference material consists of 
one big customer that develops new tubes slowly and orders large volumes of one specified 
dimension and defect tolerance, whereas other product segments can have multiple customers 
that order tubes in multiple dimensions and defect tolerances. This has obviously a direct impact 
on the need for reference material.  

It is evident that reference material and calibrations are central part in production, ultra sonic 
testing is integrated to multiple steps in the production process so that defects can be detected as 
early as possible. Furthermore, without the ability to test the final product for defects, products 
cannot be delivered to the customer. Proper testing is required by the customer who regularly 
qualifies the ultrasonic testing procedure, as well as by SMT who otherwise could suffer from 
being responsible for potential accidents in the end-application caused by SMT manufactured 
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tubes. Reference tubes and calibration of equipment and sensors are critical components in this 
process. The interviewees agreed that the respective product segments would be non-existent 
without assistance from R&D in manufacturing the reference tubes and performing calibrations. 
In theory, the value attributed from this specific R&D activity range to being equal to the profit 
from the product segments where reference material is used. Naturally, profit is the effect of a 
combination of efforts from multiple functions and cannot solely be contributed to these 
activities. This is a classic problem when measuring performance of R&D, discussed by for 
example, Chiesa & Masella (1996). Thus, despite agreeing on that the activities are critical for 
the respective businesses, the interviewees found it difficult to quantify the value of the R&D 
activities or come up with suggestions to relevant metrics that would indicate the relative 
magnitude of the value R&D contributes with in this matter. Being asked to specify what 
parameters that differentiate a well-executed R&D activity from a poorly-executed, the 
interviewees stated lead times as important, while quality of the work was considered to be on a 
consistently high level with few issues. Furthermore, both activities discussed in the interviews 
are difficult for the business sponsor to evaluate from a quality point of view since the 
competence to assess the work is centered within R&D, business sponsors are therefore reliant 
on R&D to deliver impeccable service. Lead times can be measured in different ways, either as 
the time between that the order is placed and the product or service is delivered or as the 
effective working time R&D spends on a reference tube or performing a calibration. The first 
metric impacts the business sponsor’s perceived value of the service while the latter has a direct 
impact on costs. Recalling that the core issue experienced by R&D at SMT was excessive cost 
focus, measuring the major cost driver would enable business sponsors and R&D managers to 
identify areas where efficiency improvement is possible.  

To conclude, manufacturing of reference tubes and calibration are to be considered as activities 
critical for production but are not the primary value creating activities for the business, which 
therefore makes results oriented metrics less suitable. The interviewees identified lead times as 
the most important parameter under control by R&D that impacts costs and perceived value. 
Since time is the major cost driver for R&D in general, tracking effective working time could 
give business sponsors and R&D managers a tool for recognizing activities with declining 
efficiency. 

5.2  Framework for creating a performance measurement system 
The purpose of this study was to create a performance measurement framework that can be used 
to design a performance measurement system that evaluates the performance of R&D with the 
objective of increasing the cost-benefit ratio of R&D activities and enable more informed 
decisions on R&D investments. By reviewing existing theories on performance measurement 
systems and conducting a case study at Sandvik Materials Technology, such a framework was 
developed by combining experience from theory and the empirics. The framework is divided 
into two parts, one that describes the initial design process and one that explains the structural 
and process attributes of the actual performance measurement system suggested.  
 
Introductory design phase 
The introductory design phase serves to provide guidelines for the process of creating the actual 
performance measurement system and to make sure that it is aligned with the strategy of the 
company and the R&D department. This first part of the framework is divided into three levels 
based on the strategic level of the decision-making and the aspects to consider: strategic; tactical; 
operational. This terminology is often used to describe the time horizon of decisions, where 
strategic decisions has a perspective of several years, tactical decisions up to a year and where 
operational decisions has a daily or weekly time horizon (Tangen, 2004). This classification is 
modified in the application of this framework and aims to clarify the link between the corporate 
strategy all the way down to employees responsible for the operations within business units, it 
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provides also an intuitive sense of who should be involved at various stages of the development 
of the system.  
 
On a strategic level, there are some contextual factors that affect the design of the system, which 
therefore needs to be considered early on in the process. The corporate strategy should guide 
how the implicit entities of the firm set their strategy, so that all parts are aligned, and affects 
thereby the R&D strategy. Corporate and R&D strategy is important to consider when 
structuring a performance measurement system, since the system can be used as a tool to 
implement strategy or simply stimulate a desired behavior (Bremser & Barsky, 2004; Kaplan & 
Norton, 1992; Franco-Santos, et al., 2007). Other contextual factors to consider is the 
competitive environment, which is closely connected to the corporate and R&D strategy since 
changes in the competitive environment can affect the short- or long-term strategy of the 
company. The R&D organization and management can also affect the objective of the 
performance measurement system. In the case of SMT, R&D is partially financed by the product 
areas, which implicates that there are multiple stakeholders with interest in R&D, both because 
other functions in the organization gain from the work of R&D but also because they have a very 
natural interest in the productivity of R&D. As a result of this organizational structure, R&D 
needs to prove its value to the rest of the organization, making it a part of the purpose of the 
performance measurement system. This is a very clear example of how the organizational 
structure influences the role and objective of the performance measurement system. 
 
On a tactical level, it is important to set the structure of the system. Deciding how much 
resources to spend on the design, implementation and operation of the system clearly affects how 
the PMS will end up. Considering resources to spend, it is not only the cost of the system that is 
of relevance, but also time needed for administrational purposes should be considered. If 
increased administration for the employees is an issue, it might be better to spend extra resources 
in order to develop the necessary infrastructure to make the system less dependent on employee 
reporting of data. Basically, there is a tradeoff between cost and time and should be considered 
when structuring the PMS. Resource allocation will also affect the scope of the PMS e.g. which 
activities and projects should be measured and to what extent. Mapping the activities to measure 
is a key tactical element and involves not only to decide whether to measure fundamental 
research, product development or technology- and process development, but also which product 
areas, which business units and the specific activities within the business unit that needs to be 
measured. It should be a detailed plan for the objects of measure, although not defining the 
specific measures, which is decentralized to be performed on an operational level. Additionally, 
on the tactical level, the structure of data management and analysis are suggested to be defined. 
This includes deciding on the general structure of measures, how the data constituting the KPIs 
should be acquired and how the measures should be reported and spread throughout the 
organization. Since this framework is developed to enable performance measurement on an 
activity-based level, clear guidelines for data management is important in order to avoid 
confusion and an incoherent system when decentralizing the responsibility of the PMS. The basis 
for the structure of KPIs is presented in the second part of this framework and shown in Figure 8.  
 
The purpose of incorporating structuring of measures also in the introductory design phase 
despite having dedicated the second part of the framework to this matter is due to the importance 
of having a common understanding of its underlying logic and thus being able to communicate it 
to throughout the organization. Considering how to acquire data already on a tactical level serves 
to ensure that the final measures are chosen so that it is practically possible to acquire the 
necessary data given the resource constraints for operation of the system. Finally, deciding the 
frequency of reporting and who it should be reported to help to clarify the scope of the interest 
sphere and to further avoid an incoherent system by coordinating the distribution of reports so 
that the significance of those are not undermined by being too many and too frequent. 



36	  
	  

 
Once the foundation of the performance measurement system is built, having considered the 
contextual factors, defined the purpose of the system, allocated resources, decided which 
activities and projects to measure and structured the data management, the next step is to 
decentralize the responsibility of the operational part of the performance measurement system. 
Decentralization is an essential part of the framework due to the chosen unit of analysis. 
Measuring performance on an activity level requires a certain level of operational knowledge and 
it is therefore suggested to include work group managers that are familiar with the operation 
when defining the measures. It is suggested that performance measurement system responsible 
are appointed for every activity that is being measured. By decentralizing responsibility, less 
time has to be spent on getting familiar with the nature of the activity, also employee 
engagement and understanding of the objective is stimulated since they are involved in the 
process. Furthermore, these work group managers are likely to have a well-established 
relationship with internal stakeholders, which simplifies stakeholder management, being another 
essential process for this framework. Inspired by the performance prism and based on the 
empirics from the case study, internal stakeholder management is important in the process of 
defining the measures. If the purpose is to increase the transparency of the cost-benefit ratio of 
R&D, consulting with the functions actually gaining from R&D’s work is key to truly 
understand the value that is, or could be, delivered.  
 
The concept of stakeholder management is important regardless of the purpose of the 
measurement. Neely & Adams (2002) puts stakeholder satisfaction and stakeholder contribution 
as two key factors in the measurement framework called the performance prism. Stakeholder 
satisfaction regards identifying the stakeholders and their needs, while stakeholder contribution 
refers to what the stakeholders can provide. In the performance prism, the authors have a broad 
conception of the stakeholder concept, including shareholders, customers, employees, suppliers 
and regulators. Given the purpose of this framework, the focus is directed to internal 
stakeholders, mainly on a functional or business unit level. The internal stakeholders need to be 
involved when defining the measures, whether it is to measure the value contribution or to 
implement a strategy or a desired behavior. Apart from consulting with stakeholders in order to 
understand their needs, R&D needs to communicate their expectations for what the stakeholders 
can contribute with. Good communication may sound trivial but Neely & Adams emphasizes the 
importance of clear and solid communication through the organization. Furthermore, cross-
functional miscommunication was brought up as an issue by interviewees of the case study, 
serving as an example of the complexity in what could seem very simple.               
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Figure 7: Introductory design phase 

Structural and process attributes of the framework 
The final part of the framework is the structural and process attributes of the actual performance 
measurement system that is being created, it is showed in Figure 8. In terms of structural 
attributes, the core parts are the value outcomes and the performance drivers with its 
corresponding measures. The value outcomes and performance driver concepts are derived from 
the balanced scorecard, where it is denoted as outcome measures and performance drivers 
(Bremser & Barsky, 2004). In this framework, value outcomes are defined as: “the value 
provided to a business function in the long-term, as the value is perceived by the function that 
gains from the R&D activity or project”. The performance driver is identified with respect to the 
value outcome and derived with the causal relationship in mind. This means that it should exist a 
hypothesized cause and effect relationship between the two, thus, improving the performance 
driver should affect the value outcome positively. This structure ensures that it is possible to 
review if the measures have been chosen properly by assessing if the hypothesized linkage 
between performance drivers and value outcomes holds up.  
 
The value of R&D activities and projects are often manifested in the sales & marketing function 
or the production function, why these are the two functions displayed in the framework. By first 
identifying which function in the organization that gain from a R&D activity or project, it is 
easier to define the value outcome, which should be done in collaboration with the function in 
question, displayed as stakeholder management in the introductory design phase, Figure 7. These 
functions can be extended to include other functions as well, depending on the purpose of the 
performance measurement system. The purpose of the performance measurement system 
influences which functions to include in the framework. Suppose that the purpose is to justify the 
existence of the R&D department, then the focus will naturally be directed to the value outcomes 
of the two functions mentioned above. If the objective is to implement the R&D strategy, focus 
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will lean towards measuring R&D processes that are hypothesized to drive the desired value 
outcomes within R&D.  
 
An essential part of the structural attributes in the framework regards how to construct the actual 
measures that makes up the performance measurement system. There are many ways to 
categorize measures, Drongelen & Cook (Drongelen & Cook, 1997) suggests Time, Cost, 
Quality, Innovativeness and Contribution to profit as a possible way to structure the measures for 
R&D, while Chiesa & Masella (1996) introduces Technological success; R&D Productivity; 
Adherence to scheduling; The degree of integration with manufacturing; The degree of 
integration with marketing and Lönnqvist & Van der Meer (2009) puts an emphasis on including 
measures of intangible results. Time, Cost and Quality, the iron triangle (Atkinson, 1999), are 
recurring measures and also the foundation for how to construct measures in this framework. 
Time and cost are easily defined whereas quality can be more difficult to measure and needs to 
be defined based on the nature of the activity being measured. The framework suggests that these 
three measures should be relativized and measured as change over time, e.g. comparing 
performance before and after an activity or measuring the change over a certain time period. By 
combining two of the measures, the cost-benefit ratio becomes more transparent; one example 
among others is to relate increased production quality to the cost of the R&D activity or project 
that enabled the improvement. This makes the cost of the improvement apparent and makes it 
possible to compare the cost-benefit ratio with other projects or activities. To conclude, by 
combining measures, relativize them and measure change over time, time, cost and quality can 
provide substantial information despite being very easy measures to understand.  
 
In addition to the guidelines on how to construct the measures by grouping them according to 
time, cost and quality, the performance driver measures are distinguished between R&D related 
measures and indicative measures. The R&D related measure serves as a mean to measure the 
effect of R&Ds work, while the indicative measure should be used as a complement in order to 
ensure the quality of the effect, i.e. to indicate whether it is good, bad, or achieved at the expense 
of something else. It can often be difficult to construct one perfect measure that considers all 
aspects, which is why this structure has been implemented in this framework. This way of 
constructing measures is not unique, it is for example a key element in the balanced scorecard, 
which is structured to ensure that improvement in one area doesn’t affect another area in a 
substantially negative way (Kaplan & Norton, 1992). Using indicative measures as suggested in 
this framework is inspired by existing performance measurement theories but applied in a way 
that is modified to the unit of analysis the framework is suggested to be applied for. 
 
Having defined the value outcomes and performance drivers, it remains to obtain necessary data, 
analyze the implications from the measures and present the conclusions to the stakeholders. 
These processes are formalized by revisiting the definition of a performance measurement 
system that has been applied to this research. A performance measurement system quantifies the 
efficiency and effectiveness of past actions through acquisition, collation, sorting, analysis, 
interpretation and dissemination of appropriate data. These are six out of seven actions that 
constitute the process aspect of the suggested performance measurement system. Below follows 
a brief description of the purpose of the named actions. 
 

•   Acquisition of data 
A key activity when a measure is defined is the process of collecting the necessary data. As 
mentioned, guidelines for how this process should be executed are defined already on a tactical 
level in the introductory design phase with respect to the resource constraints. Acquisition of 
data can be done in different ways, it is preferable if the chosen measures constitutes of easily 
available data that are already accessible, but that should not guide the selection of measures. In 
case the best measure requires extra effort to acquire the necessary data, this effort should be 
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reviewed in contrast to the value the data would provide. In such instance, appointing someone 
responsible for collecting the data is one way to ensure that it is not forgotten or not prioritized. 
   

•   Collation of data 
Collating data refers to how collected data should be organized into one common data set in 
order for it to be accessible and comparable. The benefit of gathering raw data into one common 
data set is that it is available for everyone, which enables a greater set of measure to be 
constructed. The drawbacks are that it can lead to an overflow of raw data, of which only a small 
part is of interest to any given person. It could be useful to create smaller sets of data within a 
business unit or similar group structure. 
  

•   Sorting of data 
Sorting the data serves to enable it to be analyzed. A large set of raw data can be complex to 
analyze and it is therefore suggested to sort it into suitable categories. It is likely to believe that 
data is sorted according to what business unit it belongs to and its corresponding activity or 
project. Both the raw data that constitutes the measure and the actual KPIs should be archived; it 
is possible that the raw data could be used for a revised KPI later on. 
 

•   Analysis of data 
Analyzing the measures refers to identifying patterns and trends that could tell us something 
about the progress of the activity being measured. Analyzing data is closely connected to the 
interpretation of data. 
 

•   Interpretation of data 
Interpreting the data regards to drawing conclusions about the implications of what the KPI tells 
us. What is the value of this activity, are our resources better spent elsewhere, what needs to be 
changed in order to improve our performance even more? 
 

•   Dissemination of data 
Dissemination of the data regards spreading the information to relevant people in the 
organization. This is done to enable relevant actions to be taken and provide for better informed 
decisions. Guidelines for how to present the data and the frequency of reporting are formulated 
in the introductory design phase. 
 
In addition to the six action points described above, one key process remains to be mentioned. 
Defining measures is not a one-time happening, measures will undoubtedly loose its relevance, 
maybe not becoming obsolete but due to changes in the contextual factors, reorganizations and 
other events, their alignment with the strategy, nature of the operation and purpose of the PMS 
will deteriorate over time. Continuously reviewing and updating the performance measurement 
system is therefore a key process in order for it to remain relevant. The importance of continuous 
review of performance measurement systems have been proven in previous research (Bourne, 
Mills, Wilcox, Neely, & Platts, 2000; Lohman, Foruin, & Wouters, 2004; Kennerley & Neely, 
2002). Despite its evident importance, it has often not been emphasized in the performance 
measurement frameworks reviewed in this research, why it is important to stress the importance 
of creating a structure for periodical review as a part of the performance measurement system.     
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Figure 8: Framework, PMS Elements 

5.3  Performance measurement system applied to the case study objects 
In order to illustrate how the proposed framework for creating a performance measurement 
system works in practice, the second part of the framework is applied to the case study objects at 
SMT. The purpose of the system is to increase the transparency of R&D’s value contribution to 
other functions within SMT. This can be considered as a soft objective since it is achieved by 
facilitating cross-functional communication and incorporates a wide set of measures. Despite 
having defined a purpose that is characterized as a soft objective, the purpose is achieved by 
utilizing several hard measures in the application of the framework. These are narrow 
performance measures that are measured relatively frequent, in contrast to the purpose which is 
more of a long-term objective to fulfill. Table 7 explains the characteristics of hard and soft 
objectives in greater detail. Figure 9, Figure 10 and Figure 11 shows an example of how value 
outcome and performance drivers and measures could look like, in this case for the OCTG 
project, the NDT activities and the H&I Tubing activities respectively. The OCTG project has 
been evaluated on a project level while the other two case study objects serve as an example of 
how to evaluate R&D on an activity level. It would have been possible to break down the OCTG 
project into more specific activities but since much of what has been done in the project ties 
together to achieve the project objective, value is better shown by measuring the R&D project as 
a whole rather than multiple fractions of it.  
 
Framework applied to the OCTG project 
Below follows a description of how the framework applies to the OCTG project. As mentioned 
before, it consisted of three subprojects: way of working, internal capabilities; material 
performance. The project is evaluated as a whole since for example both way-of-working and 
internal capabilities can affect production performance, which makes it hard to isolate the effect 
to one or the other of the sub projects.  
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Value outcomes are defined as the value provided to the business function in the long-term, as it 
is perceived by the function that gains from the R&D activity or project. In the case of the OCTG 
project, the value outcome from a sales and marketing point of view was to gain knowledge 
regarding which tube dimensions that SMT were confident to offer and manufacture, in order to 
increase sales and take on more profitable orders. Having identified the value outcome for the 
sales and marketing function, the next step is to recognize the performance driver that enables 
the value outcome to be improved. In regards of the OCTG project, SMT need to appear as a 
versatile manufacturer that offer tubes in a large range of lengths and dimension, while at the 
same time not accepting orders that will cause too much difficulties in production and thus result 
in very low, or even negative, profit margins. The range of dimensions to offer are therefore a 
performance driver for increasing sales and can be measured by the quantity of orders accepted 
on dimensions previously not offered and the quantity of orders declined on dimensions 
previously accepted with low profitability. Combining these two measures shows how the range 
grows larger, and smaller. In order to ensure that the R&D proposed process for increasing the 
knowledge of dimension capabilities is efficient, the range measure needs to be complemented 
by an indicative measure that indicates whether the new updated range corresponds better to 
SMT’s true capability than before. In this case, the indicative measure is the difference in 
aggregated profit margin for accepted orders before and after the project. Using both an R&D-
related and an indicative measure ensures that improvement is achieved efficiently. As an 
example, an increase in range of dimensions to offer could increase sales, but it doesn’t disclose 
any information about whether this is done in a good way. By adding the indicative measure, it 
becomes transparent whether the increase in range is achieved with also improved profitability, 
which would imply that the R&D suggested process added value to the sales and marketing 
function. 
 
Increased sales can also be achieved by increasing the addressable market, a performance driver 
that in this project was closely connected to analyzing material performance. By validating that 
existing SMT materials could operate in environments outside of the recommended standards, 
the potential market for the specific product increases. Measuring the order volume on accepted 
orders outside of the regular standard for the product indicates the value that R&D contributed 
with to this activity. The profit of the orders can also easily be compared to the cost of 
conducting the material performance analysis to show the return of the activity.   
 
The framework is applied in a similar fashion for the production function. The project objective, 
related to production, was to increase production performance. A performance driver for 
increased production performance is manufacturing productivity, measured as the change in 
yield and rework before and after the project. These measures would show how the R&D project 
has affected the production. In order to ensure that a potential increase in yield and rework isn’t 
achieved by lowering the quality standards, internal quality measures serves as the indicative 
measure. Cost of non-conformance measures the cost associated with scrap, rework and 
customer complaints.  Change in number of complaints indicates on a very basic level how the 
product quality has developed. The latter indicative measure ensures that a potential decrease in 
cost of non-conformance isn’t achieved by lowering cost for scrap and rework while allowing 
cost for customer complaints to rise.       
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Figure 9: Framework applied to OCTG project 

Framework applied to H&I Tubing activities 
Applying the framework for H&I Tubing activities is best done by evaluating the value 
contribution of R&D for each of the activities individually. The value outcomes are of similar 
nature as for the OCTG project, high level value drivers for the respective functions. In regards 
to customer complaint handling, results from R&D analyses could lead to improved profitability 
by increasing sales of high margin products. Change in margin between old and new material for 
upgraded customers and the sales volume for these upgrades are the performance driver 
measures which correspond to increased profitability. Combining the measures also enable the 
computation of change in profit attributed to the analysis performed by R&D in order to find the 
root cause for the damaged product. The root cause for the defect in this example would be that it 
has been found that the material in question is unsuitable for the environment where it has been 
used, due to its resistance to corrosion or other properties. The root cause analysis could also 
disclose that the defect is due to failure in the production process, which could lead to 
suggestions for process improvement in production. The value outcome in that case is improved 
product quality, were continuous improvement in the production process is the performance 
driver to achieve that. The R&D related performance driver measure is the number of 
suggestions for improvement resulting from analyzing customer complaints; the indicative 
measure is the ratio of implemented suggestions to total number of suggestions, indicating the 
quality of R&D’s ideas for improvement. 
 
Creation of value arguments within H&I tubing are done with the objective of either increasing 
sales or defending the existing market share from aggressive competitors. The corresponding 
performance drivers are the number of sales meetings and the ability to retain the existing 
customers. This could be measured by the number of new sales opportunities and defended sales 
volume attributed to new product information created by R&D analyses. This specific activity 
provides little value for the production function, why no relevant value outcome was identified in 
this area.  
 
Technical sales support is an activity that is very closely connected to the customers, since R&D 
supports the sales function on customer issues they don’t have the knowledge or equipment to 
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handle on their own. The value outcomes identified are increased product and material 
knowledge within the sales function as well as increased customer satisfaction. Spending more 
time on sales support is hypothesized to increase both of the value outcomes, therefore, 
measuring time and cost spent on sales support by R&D indicates the value provided. In order to 
reduce the risk of excessive support to individual customers or related to specific products, the 
cost is also measured in relation to the corresponding sales volume for the customer or product, 
which is the indicative measure for this activity. Tracking these measures increases the 
transparency of resources employed for this activity and enable responsible managers to 
intervene and undertake necessary actions if costs are considered too high.  
 

 
Figure 10: Framework applied to R&D activities within H&I Tubing 

Framework applied to NDT activities 
Activities within non-destructive testing include manufacturing of reference tubes and 
calibration of equipment and sensors. Although the services are clearly different, the value 
outcomes are very similar. These activities are critical for the production process, which cannot 
operate if R&D hasn’t delivered the reference material and performed the necessary calibrations. 
Non-stop production is the value outcome and on-time delivery and efficient scheduling has been 
identified as performance drivers for this activity. One performance driver measure is the 
average effective working time per working order, which indicates how efficient the actual 
manufacturing and calibration is. Reducing time spent on manufacturing the reference material 
will reduce the costs for business sponsors since time is the prime cost driver for this activity, 
hence, tracking this measure provides R&D and business sponsors to recognize when there is 
room for improvement and are thereby given the opportunity to undertake necessary actions. As 
an indicative measure, the ratio of working orders with quality complaints compared to the total 
number of working orders is chosen. The measure will reveal whether a reduction in the average 
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effective working time is achieved to the expense of lowering the quality of the work. Quality 
has historically been very good for both these activities, having few delays, reference tube 
defects or poorly executed calibrations. Although, extraordinary actions are occasionally 
undertaken in order to avoid delays since it is very costly to stop the production. Therefore, 
measuring the cost and frequency of such actions is necessary in order to improve the scheduling 
of working orders and reduce costs associated with poor scheduling.  
 

 
Figure 11: Framework applied to NDT activities 
5.4  Discussion 
This subchapter contains a discussion around the results presented above, including the results 
from the second round of interviews and the developed framework. The results from this 
research are based on combined experiences from the literature review and the conducted case 
study at Sandvik Materials Technology. The discussion will center on the general implications of 
the results, referring to specifics of the case study company mainly to show an example. 
 
Results from interviews with global product managers at the case study company confirms that 
quality is the single most important factor when reviewing the work performed by R&D. Despite 
this unified perception, there seemed to be a lack of a structured process to measure the quality 
in a non-subjective way. This is not a unique issue for SMT, reviewing literature on the subject; 
measuring quality is one of the most desired kinds of measures but also one of the most difficult. 
The framework suggested in this research for measuring R&D on an activity-based level propose 
to focus on measures around time, cost and quality despite the known difficulties of defining 
measures of quality. Relativizing measures and observing the change of an indicator pre- and 
post an activity addresses this issue, and so does the indicative measure that is proposed as a 
complement to the R&D-related measure. Combining these methods, the quality and value 
adding effect attributed to specific R&D activities are supposed to be better demonstrated. It is 
not argued to be a perfect way to measure quality, but applying this way of thinking about 
quality to the case study objects proved to be a meaningful and dynamic way of constructing 
measures. 
 
Interviewing business sponsors and R&D responsible within the three case study objects 
provided a clear picture of the existing issues and the perceived value of the respective R&D 
activities. The simplicity of pinpointing the value a R&D activity provides for the business 
sponsor varied among the case study objects. The interviewees’ response to being asked to 
precise their perceived value of the activity ranged from the basics of considering it being 
production critical to specifying the kind of new orders a R&D analysis could lead to. This 
variance in complexity and nature of the R&D’s value contribution makes the process of 
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developing a general structure for measures more difficult. With inspiration from the balanced 
scorecard, the concepts of value outcomes and performance drivers aims to serve as a general 
structure of measures that is applicable to a large variety of activity types. The advantage of this 
measure structure is that it is dynamic enough to incorporate activities where a quantification of 
the value in monetary terms is difficult to achieve as well as activities where the economic 
contribution is more easily interpretable. For the production critical activities, focus is directed to 
the value driving activities under R&D control whereas for other activities the effect of the R&D 
activity is measured. This dynamic makes the proposed framework suitable not only for creating 
performance measurement systems with the purpose of increasing transparency of the cost-
benefit ratio but also to monitor the value-driving processes, which enables relevant actions to be 
taken when necessary. 
 
The developed framework is divided into two parts, the introductory design phase and the 
structural and process attributes of the performance measurement system. It is based partially on 
existing theories of performance measurement of R&D and partially on experiences from the 
case study. The introductory design phase should be viewed as a map for aspects to consider and 
actions to undertake in the process of designing the structure of the actual performance 
measurement system. Distinguishing between strategic, tactical and operational aspects and 
actions provides a clearer structure of the implications of the considered factors. It can be argued 
that the distinction between the levels are unclear, which is a valid remark since the common 
application of this terminology is different from how it is used in this thesis. The lack of a clear 
definition of the three levels opens up for subjective interpretation of where to place the included 
parts. Since the purpose of designing the framework in this way is to provide a structure and an 
intuitive sense of who should be involved at a given stage of the development, a subjective 
interpretation won’t do the framework much harm. A slight modification is tolerable, although 
necessarily not needed in any case.  
 
The contextual factors to consider on a strategic level are derived from the work done by Chiesa, 
et.al (2008). Similar contingency factors are included in most frameworks, hence it is not 
exclusive for the framework presented by Chiesa, et.al, nevertheless that is the work that has had 
the largest influence on the inclusion of the contextual factors. Aligning the performance 
measurement system with the strategy of the company is advocated by research since long, 
making it a non-controversial aspect to include in the framework, which holds true also for the 
competitive environment and the organizational structure. Based on the experience from the case 
study, mapping activities to measure is extended to not only include the type of research 
activities but also the specific activities of interest. This is suggested to be done on a tactical 
level because it is affected largely by the resource constraints that are set on the same level. 
Therefore, prioritizing among the activities to include the most important ones with respect to the 
purpose of measuring becomes a tactical issue rather than an operational. Furthermore, 
decentralizing the process of defining the specific measures to an operational level comes as a 
result of choosing the unit of analysis to be on an activity level. Selecting appropriate measures 
are commonly seen as a process put in place further up the hierarchy, which is suitable if the unit 
of analysis is also on another hierarchical level. Measuring individual activities requires 
operational knowledge, which is why decentralization is considered as a key element of this 
framework. The concept of stakeholder management is another key element in order to fulfill the 
purpose of the measurement, which is to increase the transparency of the cost-benefit ratio. By 
consulting with the internal stakeholders, in the case study that would be the business sponsors, a 
true understanding of the delivered value is achieved which is important input in the process of 
selecting measures. The stakeholder management concept was inspired by Neely & Adams’ 
(2002), the performance prism, although it is modified to take on a narrower definition of 
stakeholders.  
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It could be argued that the framework suggested in this paper have picked parts of theory from 
too many different models, which would make it difficult to implement in practice. In response 
to this, as mentioned earlier regarding the contextual factors, many PMS concepts are recurring 
within different theories and models with slight modifications and different names. This means 
that what could be seen as a mixture of concepts from different theories is in reality more alike 
than what it seemed at first, implicating that it wouldn’t be as difficult to implement as implied. 
Furthermore, concepts from existing theories have often been modified in its application to the 
proposed framework in this research, thereby aligning them to function better together. As an 
example, the concept of stakeholder management is modified to center around internal 
stakeholders to better suit the chosen unit of analysis. Also, the concepts of value outcomes and 
performance drivers have been modified, introducing a new definition of value outcomes than 
what is used in the balanced scorecard in order for it to be applicable for a wider range of 
activities. Value outcomes are named outcome measure in the balanced scorecard and were 
renamed in the application of this framework due to its new definition. Triangulating concepts 
from theory with the experience from the case study ensures that they are aligned, despite being 
applied slightly different in previous research. 
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6   Conclusion and future research 
This chapter entails the conclusion of the research, establishing if the purpose of the research 
has been fulfilled, its industrial and research implications and suggestions for future research on 
the subject.  

6.1  Fulfilling the purpose of the research 
The conclusion of this thesis begins with a review of the study’s ability to fulfill the purpose of 
the research and answer the stated research questions. The authors view on this matter is 
presented in this section. 
 
Purpose 
Recalling that the purpose of this research was to: “create a performance measurement 
framework that can be used to design a performance measurement system that evaluates the 
performance of R&D. The objective of the framework is to create a more transparent view of the 
cost-benefit ratio of R&D activities and enable more informed decisions on R&D investments”. 
 
Having developed a two-parted framework including both a process map to designing the system 
and a suggestion for the included structural and process attributes of the actual system, the 
purpose is considered to be fulfilled. The framework was designed with the purpose in mind, 
aligning concepts to the chosen unit of analysis and the objective of measurement, which are the 
two key factors for consideration included in the formalized purpose of the thesis. Decentralizing 
the process for defining the measures and the proposed structure for measures (value outcomes 
and performance drivers) are two examples of how the framework is aligned to fit the purpose of 
evaluating research activities rather than the department as a whole. Furthermore, emphasizing 
the importance of involving internal stakeholders in the process of defining measures serves to 
ensure that the value gets to be defined by the function that actually experiences the value. This 
makes it possible to measure the true value being delivered, thus increasing the cost-benefit ratio 
of R&D activities. 
 
Main research question 
The main research question stated in this thesis is: “What are the key parameters to consider 
when creating a performance measurement system and how can such a system be used to 
increase the transparency of the cost-benefit ratio for R&D investments?”. 
 
The introductory design phase should be viewed as a map for aspects to consider and actions to 
undertake in the process of designing the structure of the actual performance measurement 
system. Included in this part of the framework are contextual factors: corporate strategy; 
competitive environment; R&D organization and management; R&D strategy. These are four 
high level parameters to consider. Adding to these are also the following tactical and operational 
level aspects: the purpose of measurement; resource constraints; data management; stakeholder 
management. Together, these factors are considered the most important in the process of creating 
a performance measurement system. 
 
Included in the introductory design phase are also several process aspects, such as decentralizing 
responsibility and consulting with internal stakeholders. These are actions that will enhance 
communication between functions, which increases cross-functional transparency. Additionally, 
adhering to the proposed structure of how to construct measures will enable organizations to 
display value contribution by R&D in a clearer way. Included in the structural and process 
attributes of the framework is also the process steps needed in order for the system to operate 
once it is implemented. Having a clear structure for how to present and disseminate the resulting 
measures in the organization also helps to increase the transparency of the cost benefit ratio. 
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The two parts in the general framework highlights the key parameters to consider when creating 
a performance measurement system and it is explained in the thesis how to use such a system to 
increase the transparency of the cost-benefit ratio for R&D investments. Therefore, the authors 
consider the main research question to be answered.   
  
Sub research questions 
The following sub-questions were identified and necessary to answer in order to solve the main 
research question. 
 

•   “How is a performance measurement system designed?”  
•   “How can the most important performance measurement parameters for R&D and 

business sponsor functions be identified?”  
•   “How can realized business benefits be traced back and isolated to R&D efforts?” 

 
The process of designing a performance measurement system was studied in the literature 
review, using many of the suggested design steps in the development of the resulting framework 
proposed in this research. Such incorporated steps are: strategy related measures; change 
measures over time; ratio-based measures; involve stakeholders in selection of measures; select 
measures under R&D control; define data collection methods; clarify purpose of each measure; 
select measures that foster improvement, not only monitoring measures. In addition to these, 
parts from well-known theories and models for performance measurement have been 
incorporated in the framework. Together, these aspects constitute the proposed framework that 
displays the necessary aspects of consideration and actions to undertake in the process of 
creating a performance measurement system. The research question of how a performance 
measurement system is designed is considered answered through the presentation of the resulting 
framework of this research.  
  
The second sub research question was how the most important performance measurement 
parameters for R&D and business sponsor functions could be identified. In regards to the case 
study, this information was retrieved by conducting interviews with employees within R&D and 
business sponsor functions. This is incorporated in the framework mainly under stakeholder 
management, where consulting with internal stakeholders should help to answer what they need 
from R&D and what R&D need them to provide in return. This process is decentralized to be 
done on the level in the organization where the activity of interest is taking place. As discussed 
in the results and discussion chapter, this is considered a key element of this framework in order 
to enable a performance review for the unit of analysis adopted for this thesis. The 
decentralization implies also that the performance measurement parameters are influenced by the 
contextual factors and the purpose of measurement, since these are strategic level aspects that 
guides the tactical and operational aspects. Those aspects therefore clearly affects the conception 
of what is considered the most important parameter for R&D and business sponsor functions. To 
conclude, the introductory design phase proposed in this research provides the order of factors to 
consider in order to identify the most important performance measurement parameters. 
Furthermore, communication between stakeholders should be emphasized as a way to ensure that 
both R&D and the business sponsors are involved in defining the measures.    
 
One of the biggest issues trying to quantify the value contribution of R&D concerns isolating the 
value of R&D efforts, since profit is the result of combined efforts from multiple functions. The 
third sub-question addressed this issue and there are attributes in the proposed framework that 
helps trace the value contribution back to R&D efforts. In the second part of the framework, 
displaying structural and process attributes, two different kinds of measures were established, the 
R&D related measure and the indicative measure. The R&D related measure is a construct that 
measures the effect of a R&D effort, although not necessarily providing insight to the value or 
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quality of the effort. Certain guidelines for how to construct the measures are also suggested in 
the framework, arguing that it should center on time, cost and quality, be relativized and 
measured as change over time. An indication of R&D’s contribution to value can be achieved by 
measuring the change of a measure before and after a R&D activity, given that the measure is 
chosen as an R&D related measure and influenced as little as possible by other functions. The 
process of selecting the measures has a large influence on how well it measures the R&D effort 
and excludes impact from other functions. By working cross-functionally and involving 
stakeholders in the selection process increases the possibility to identify R&D related measures 
independent of efforts from other functions. Although not solving the problem of isolating 
measures of profit back to R&D, the structures mentioned above enables organizations to 
measure the performance and value contribution of R&D more accurately.  

6.2  Implications and concluding remarks 
This subchapter presents the findings from the research conducted throughout the thesis and its 
implications on the industry and the research as well as the implications on sustainability.  
 
Industrial implications 
The industrial implications of this thesis and its result is that a framework for evaluating and 
illuminating the performance of a R&D organization has been designed, which can be utilized 
for organizations with similar R&D settings as the one present at Sandvik Materials Technology. 
As has been mentioned earlier there are many frameworks on how to evaluate the performance 
of R&D organizations, but the framework designed in this thesis has a different unit of analysis 
than most other. The unit of analysis for this framework is on an activity level and from having 
conducted a review of the existing body of knowledge there seem to be a lack in the literature 
with this unit of analysis. In addition to this, the framework is also dynamic in the sense that it 
can be applied to a variety of industries and types of businesses. Since it is divided into three 
interconnected levels it allows for organizations to anchor their strategy in the framework and 
distribute it down until a satisfactorily level has been reached.  
 
The implications of this study, from an industrial perspective, could be summarized by the 
following: 

•   Evaluate the performance of research and development activities  
•   Provide a tool to manage stakeholder relations between an R&D department and key 

stakeholders 
•   Enable more informed decisions on R&D investments 
•   Provide a tool to increase transparency and the value contribution of R&D organizations 
•   Provide a tool to monitor R&D activities 

 
Research implications 
Reviewing the existing body of knowledge on performance measurement systems regarding 
research and development indicates that there is a vast amount of literature on the topic. Much of 
the literature focuses on how to measure R&D performance on an organizational- and project 
level. However, there seem to be a lack in the literature on how to measure R&D performance on 
an activity level. The implication of this study on the existing research is that it fills the gap in 
the body of knowledge, contributing with additional information on performance measurement 
systems on an activity level. Furthermore, it also presents an overview of the literature on the 
topic of performance measurement systems for R&D related purposes. Although, an overview 
has been provided by other authors previously on PMS for research and development purposes, 
as mentioned the focus in this thesis has been the activity level, thus, providing an overview of a 
more focused scope than what has been done before.      
 
Implications on sustainability 
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The research conducted in this thesis has focused on how to measure performance of R&D 
organizations and to increase the cost-benefit transparency in order to enable more informed 
R&D investments. Increased knowledge into the cost-benefit ratio is important since it entails 
how much output the inputs are generating. Furthermore, when considering the sustainability 
aspect of the research done by the authors of the thesis, the framework enables more efficient 
utilization of resources through monitoring and supervising important processes, thus, leading to 
a more sustainable operational model. An example of how the framework enables better 
utilization of resources is the OCTG project. Applying the framework to the project has 
generated two sets of performance drivers and measures that measures the production 
performance. These two are manufacturing productivity and product quality, as illustrated in 
Figure 9. With these two drivers the idea is to show how the project has improved production 
performance, but also to stimulate employees to undertake actions that continuously decreases 
the amount of rework done and increases the yield, which then would imply a more efficient 
utilization of resources put into the process. This in turn leads to reduced negative impact on the 
environment since a lesser amount of resources is needed and less energy is consumed in the 
process.    
 
Throughout the thesis the authors have considered what impact the framework would have in 
terms of sustainability and it has been an important aspect to consider when designing the 
framework in order to enable organizations to become more sustainable.  

6.3  Future research 
The resulting framework of this research enables performance measurement of R&D on an 
activity-based level. There is limited research to find on performance measurement with that unit 
of analysis, therefore future research focusing on performance measurement of R&D activities is 
encouraged. Building on the research conducted in this thesis, validating the generalizability of 
the proposed framework for different organizational structures is a possible basis for a future 
research project. Furthermore, studying its implication on business sponsors perception on R&D 
value and their inclination to invest more in long-term research projects is an interesting research 
project. This would require the framework to be implemented, which could limit the possibility 
to conduct such a project. Regardless, the relationship between business sponsors and R&D is 
still an interesting topic for studies. A comparative study, investigating how business sponsors 
view R&D and their wish to invest in R&D activities depends on what kind of performance 
measurement system the company has in place, would be interesting. It would show how access 
to information on R&D performance affects their decision-making, which of course depends 
largely on their previous perception of R&D contribution to value. A hypothesis could be that 
business sponsors do not understand the full value of R&D, which would imply that business 
sponsors in companies with an established performance measurement system have a more 
positive view on R&D compared to business sponsors in companies where R&D performance 
are not measured as detailed.  
 
As mentioned in the thesis, a common problem trying to quantify the economic benefits of R&D 
is the difficulties of eliminating other functions contribution to profit. Further investigating the 
possibilities of isolating the economic value contribution of R&D is a topic suitable for future 
research. Being able to create a generalizable model for quantifying R&D contribution to profit 
would have great industrial implications, enabling companies to accurately assess their return on 
R&D investments. As of today, many performance measurement framework suggests to use 
mainly non-financial measures due to the difficulties associated with quantifying financial 
contribution of R&D.         
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8   Appendix 
A.  Interview guide for second round of interviews – GPMs 

This guide was used for interviews with employees in business sponsor positions regarding 
performance measurement of R&D, deviations from the interview guide was made when 
necessary to adapt to information provided by the interviewee during the course of the interview.  
 
General – Background questions regarding the role of the interviewee 

•   Can you describe your role and your business responsibilities? 
o   For how long have you worked in this role and what position did you have before 

that? 
•   What measures are used to assess your performance? 
•   What is the main deliverables that you are responsible for? 

o   Out of these deliverables, how would you rank their particular importance? 
•   In your role as a business sponsor, what R&D functions and which persons within R&D 

are you working most closely with? 

Collaboration with R&D – Questions exploring the relationship with R&D 
•   Can you describe the process of starting a R&D project or activity? 

o   What is your role when it comes to granting investments for R&D projects or 
activities? 

o   To what degree are you involved in initiating a R&D project, and to what degree 
does the initiative originate from R&D? 

•   How would you describe the relationship between your function and R&D? 
o   What works especially well in your collaboration with R&D? 
o   What do you believe could be improved in your collaboration with R&D? 

Measuring R&D Performance – Questions exploring current way of assessing R&D and 
priority deliverables of the interviewee 

•   How do you assess the performance of R&D? 
o   What defines whether a R&D project or activity is considered successful or not? 
o   How would you rank R&D’s performance out of time, cost and quality? 
o   Which of the above do you consider most important for R&D to deliver on (time, 

cost and quality) 
•   How would you describe the value contribution of R&D to your function? 
•   What kind of documentation does R&D provide after finishing a project or an activity? 

 

B.  Interview guide for case study activities and projects 
This guide constitutes the base for interviews with business sponsors within all three case study 
object, deviations from the interview guide was made when necessary to adapt to information 
provided by the interviewee during the course of the interview.  
 
 
General - Questions with the purpose of understanding the role of the interviewee and the nature 
of the activities of interest 
 

•   Can you describe your role and your responsibilities? 



55	  
	  

•   In your role as a business sponsor for R&D, what kind of activities do you usually order? 
o   What is the approximate distribution between these activities? 

•   Can you describe these activities and why they are needed? 

Collaboration with R&D - Questions exploring the relationship with R&D 

•   Can you describe the process from the point that the need emerges to when the service is 
delivered by R&D? 

o   What triggers the need for ordering this service? 
o   How long does it take from ordering to delivery of the service? 

•   What possible issues can arise during the process? 
•   What is your opinion of R&D’s performance, in regards these activities? 

o   What do you believe R&D is particularly good at? 
o   What do you think R&D could improve at? 

•   What information do you include in an order specification? 
•   What kind of documentation does R&D provide after finishing a project or an activity? 

Measuring R&D performance - – Questions exploring current way of assessing R&D and 
priority deliverables of the interviewee 

•   How do you review the work of R&D? 
o   What KPI’s do you use? 

•   How would you rank R&D’s performance out of time, cost and quality? 
o   How often do you experience delivery delays? 
o   How often does it become more expensive than expected? 
o   How often do you experience quality issues, and what kind of quality issues are 

there? 
o   Which of the above do you consider most important for R&D to deliver on (time, 

cost and quality) 

Value of R&D activities – Questions exploring the interviewee’s conception of value 
contribution by R&D  

o   How would you describe the value associated service that R&D delivers to your 
function? 

o   How would you suggest measuring this value? 
o   What would happen if R&D didn’t help you with this? 

•   What is the key driver under R&D control that enhances delivered value to your 
function? 

o   How would you suggest measuring that? 

C.  Interview guide for interview with R&D manager or engineer 
This guide constitutes the base for interviews with R&D managers and engineers within all three 
case study objects, deviations from the interview guide was made when necessary to adapt to 
information provided by the interviewee during the course of the interview.  
 
General - Questions with the purpose of understanding the role of the interviewee and the nature 
of the activities of interest 
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•   Can you describe your role and your responsibilities? 
•   In your business unit, how would you categorize the core activities that you perform and 

who sponsors these activities? 
o   What is the approximate distribution between these activities? 
o   Can you describe these activities and why they are needed? 

Collaboration with other functions - Questions exploring the relationship with business 
sponsor functions 

•   Can you describe the process from the point that you receive an order of this activity to 
the point where you deliver it? 

o   In your opinion, what triggers the need for ordering this service? 
o   How long does it take to carry out this activity from the you receive the order? 

•   What possible issues can arise during the process? 
•   What is your opinion of R&D’s performance, in regards to these activities? 

o   What do you consider R&D being particularly good at? 
o   What do you think R&D could improve at? 

•   What do you think the business sponsors could improve at in the relationship with R&D? 
o   What do you think the business sponsor does very well? 

•   What information do you receive in an order of this activity? 
o   What information would you want to have in an order specification? 

•   What kind of documentation do you provide to the business sponsors after finishing a 
project or an activity? 

Measuring R&D performance -– Questions exploring current way of assessing R&D and 
priority deliverables of the interviewee 

•   How do you review the work of R&D? 
o   What KPI’s do you use? 

•   How would you rank R&D’s performance out of time, cost and quality? 
o   How often do you experience delivery delays? 
o   How often does it become more expensive than expected? 
o   How often do you experience quality issues, and what kind of quality issues are 

there? 
o   Which of the above do you consider most important for R&D to deliver on (time, 

cost and quality) 

Value of R&D activities – Questions exploring the interviewee’s conception of value 
contribution by R&D  

o   How would you describe the value associated service that you deliver to the 
business sponsor function? 

o   How would you suggest measuring this value? 
o   What would happen if R&D didn’t help with this? 

•   What is the key driver under R&D control that would enhance delivered value to the 
business sponsor function? 

o   How would you suggest measuring that? 
•   Where do you see potential for improvement in your function? 
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