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This dissertation studies the buyer’s perspective on supplier evaluation and development
within construction supply chain. Highlighting the multitude of suppliers in a construction
firm’s supply chain and the fragmented nature of the sector, former research emphasizes
the essential role of implementing effective supply chain management (SCM) in construction
industry. Extending this notion, adopting successful practices of supplier evaluation and de-
velopment from other research and industry domains can be very beneficial to this sector.
Thus, this study develops data-driven methods for supplier evaluation and development in
construction using performance evaluations and purchase transaction data. The analysis in-
volves data from suppliers that work for a large international construction firm and operated
in Finnish construction projects during the period of 2010–2016. First, it is argued that
supplier evaluation in a changing construction project environment differs from evaluation
in the context of routine-based operations, such as manufacturing. Challenges with supplier
evaluation in the context of construction projects are outlined, and a possible solution from
the data envelopment analysis (DEA) context is developed and discussed. Next, it is sug-
gested that combining DEA with the recency, frequency, and monetary value (RFM) concept
and customer pyramid from marketing literature can improve supplier development (SD)
investment efforts in construction. For effective SD resource allocation, suppliers are catego-
rized based on the scores obtained from the applied framework. Then, building upon earlier
research on productivity dynamics in economics and real options theory (ROT) for strategic
investments with uncertainty, this work claims that there are certain patterns between the
obtained supplier performance and the purchasing volume of the buying company. The study
proposes that suppliers be categorized into exiting, surviving, and entering groups based on
the discontinuity, continuity, and start of the buyer’s purchase, respectively. This method
can differentiate the influence of each supplier group from the company’s supply chain per-
formance. Finally, this study investigates supplier evaluation within the project lifecycle by
testing whether the construction firm favors suppliers from the late or early project phases.
Overall, this dissertation contributes to research on supplier evaluation and development
by extending and presenting novel data-driven approaches in the construction supply chain
context. For practitioners, the study provides effective methods to manage large supplier
networks and evaluate strategic decisions to develop supplier portfolios over time.





1 

Acknowledgements 

As a novice researcher, I believe that research involves an iterative and contin-
uous process of doubt-confidence-doubt, reading-unfamiliarity-reading, writ-
ing-deleting-writing, and valid-error-valid software results. When I started my 
PhD journey about five years ago, I faced two main challenges: (i) determining 
a research problem related to the construction supply chain that was worth fur-
ther investigation and (ii) how I should acquire a suitable dataset for my re-
search. These challenges were resolved over time and with the persistent help 
of different people from academia and industry.  

I would like to greatly thank my supervising professor, Antti Peltokorpi. Out 
of many other eligible applicants, he placed trust in me by offering me a doctoral 
candidate position. I had his continued support throughout my doctoral studies. 
While I received the flexibility and freedom to pursue the research topics that 
were most interesting to me, Antti was available whenever I had a question or 
needed guidance for my research. His advice helped me to clarify my thoughts 
across different stages of my doctoral studies, particularly when developing my 
research papers. 

I am also grateful to my advisor, Professor Timo Kuosmanen. His emphasis 
on the role of data in comprehensive analysis allowed me to derive meaningful 
results from a large and longitudinal dataset. He has exposed me to research 
areas of which I was previously unaware. During the development of my third 
paper, when I had a problem that was not easy to solve with textbooks or web-
sites, Timo’s rich insights were helpful and led me toward an answer. His high 
standards and encouragement kept me energetic throughout the many trials 
and errors involved in constructing the third research article. Also, I would like 
to take this opportunity to appreciate the valuable time devoted by Professor 
Mats Johansson as my preliminary examiner, and Professor Stephan M. Wag-
ner as the preliminary examiner as well as my opponent. 

Although it can be difficult to obtain supply-chain-related data from construc-
tion companies, Jan Elfving kindly accepted my request for his company’s data. 
I owe him deep gratitude for giving me this opportunity to analyze suppliers’ 
purchasing and performance data and use the data in my papers. I also appre-
ciate Linda Savolainen, from the same company, who generously provided me 
relevant datasets. She arranged several meetings at which I could present the 



2 

results of my analyses to other practitioners within the company, and the valu-
able feedback I received supported my research findings. 

As a research visitor, I had a chance to spend six months at the University of 
Queensland Business School (UQBS), Brisbane, Australia. Warm thanks to As-
sociate Professor Necmi Avkiran for his hospitality and invaluable learning op-
portunities. I also want to express my thanks to other doctoral and visitor stu-
dents and administrative staff, who made my time at the UQBS memorable. 

In addition to my research work, I have been fortunate to participate in a year-
long multidisciplinary Bit Bang course, one year as a student and another year 
as a tutor. To me, this course has been a major source of inspiration and learning 
by working with doctoral students from different educational and cultural back-
grounds, international trips and company visits, and guest lectures from Finn-
ish companies and institutes. Yrjö Neuvo, Erkki Ormala, and Meri Kuikka, I 
greatly appreciate your time and effort in organizing this course. I am still ben-
efiting from Yrjö’s advice and coaching on topics related to academic and pro-
fessional work. 

I wish to express my special thanks to Mahdi Mahdiloo for our long-term 
friendship. His thoughtful feedback during my studies and in my personal life 
have been very helpful. I also appreciate the assistance from Kristiina 
Hallaselkä, Elsa Nissinen-Narbro, Fahim Al-Neshawy and Jari Hänninen re-
garding general study and practical aspects of research within the Civil Engi-
neering department. In addition, I thank all my colleagues and friends from 
Aalto and other universities and institutions for their advice and discussions 
along my PhD journey. Moreover, I would like to acknowledge the financial sup-
port from the Aalto School of Engineering for my doctoral studies, the Confed-
eration of Finnish Construction Industries RT and European Council of Con-
struction Economists for my research, and the Aalto Technology Foundation for 
my research visit to UQBS. 

The journey I embarked on is about to end, but throughout it all, I have had 
my parents’ enthusiastic support and encouragement. The perseverance that I 
learned from you was extremely helpful for seeing the light at the end of the 
tunnel. I am eternally grateful to you. To my sister and my brother, I also 
feel deeply indebted to you. Thank you for all the kindness you showed me and 
for being a shoulder to lean on. 
 

Abdollah Noorizadeh 

Helsinki, Finland 

January 2021 



3 

Contents 

List of publications ...................................................................................... 5 

Author’s contribution .................................................................................. 6 

List of figures ............................................................................................... 7 

List of tables ................................................................................................. 8 

List of abbreviations .................................................................................... 9 

Part I: Overview of the dissertation ......................................................... 10 

1. Introduction .................................................................................... 11 

1.1 Background .................................................................................. 11 

1.2 Research objectives .................................................................... 13 

1.3 Research philosophy .................................................................. 16 

1.4 Thesis structure ...........................................................................17 

2. Supply chain management in the construction industry ............ 18 

2.1 Purchasing analysis .................................................................... 18 

2.2 Supplier evaluation .................................................................... 19 

2.3 Supplier development ................................................................ 20 

3. Theoretical and methodological foundations .............................. 22 

3.1 Data envelopment analysis ........................................................ 22 

3.2 Changing operating environment ............................................. 23 

3.3 Recency, frequency, and monetary value ................................. 24 

3.4 Customer pyramid ..................................................................... 25 

3.5 Productivity dynamics ............................................................... 26 

3.6 Real options theory .................................................................... 27 

3.7 Synthesis of theoretical background ......................................... 28 

4. Research design ............................................................................. 32 

4.1 Case study research .................................................................... 33 

4.2 Case description ......................................................................... 35 

4.3 Data ............................................................................................. 35 



4 

4.3.1 Subjectivity in supplier evaluation data ............................... 39 

5. Analyses and findings ..................................................................... 41 

5.1 Article I. Supplier performance evaluation in construction projects: 
challenges and possible solutions .............................................. 41 

5.1.1 Characteristics of construction projects operating environment 
affecting supplier performance ................................................. 42 

5.1.1.1 Project product and location characteristics ............................ 42 

5.1.1.2 Project organization characteristics ......................................... 44 

5.1.1.3 Buyer–supplier transaction characteristics ............................. 45 

5.1.2 Framework to consider changing operating environment in supplier 
evaluation ................................................................................... 46 

5.2 Article II. Categorizing suppliers for development investments in 
construction: application of DEA and RFM concept............... 48 

5.3 Article III. Effective purchasing reallocation to suppliers: insights 
from productivity dynamics and real options theory .............. 50 

5.4 Article IV. Project lifecycle approach to the perceived value of 
suppliers: a study of a Finnish contractor ................................ 53 

6. Discussion and conclusions .......................................................... 56 

6.1 Summary and findings .............................................................. 56 

6.2 Theoretical contributions .......................................................... 59 

6.3 Managerial contributions ........................................................... 61 

6.4 Limitations and suggestions for further studies ...................... 62 

References ................................................................................................. 65 

Part II: Original publications ....................................................................75 

 
  



5 

List of publications 

This doctoral dissertation consists of the following research articles. They are 
referred in the text by their numerals. 
 
 
 
 
Publication I: Abdollah Noorizadeh, Antti Peltokorpi, and Necmi K. Avkiran. 
Supplier performance evaluation in construction projects: challenges and pos-
sible solutions. Journal of Construction Engineering and Management, 145(4), 
1–13. January 2019; https://doi.org/10.1061/(ASCE)CO.1943-7862.0001616. 

Publication II: Abdollah Noorizadeh, Kamran Rashidi, and Antti Peltokorpi. 
Categorizing suppliers for development investments in construction: applica-
tion of DEA and RFM concept. Construction Management and Economics, 
36(9), 487–506. January 2018; 
https://doi.org/10.1080/01446193.2017.1416151.  

Publication III: Abdollah Noorizadeh, Timo Kuosmanen, and Antti Peltokorpi. 
Effective purchasing reallocation from suppliers: insights from productivity dy-
namics and real options theory. International Journal of Production Econom-
ics, 233. March 2021; https://doi.org/10.1016/j.ijpe.2020.108002. 

Publication IV: Antti Peltokorpi, Olli Seppänen, and Abdollah Noorizadeh. Pro-
ject lifecycle approach to the perceived value of suppliers: a study of a Finnish 
contractor. In: Proceedings of the 24th Annual Conference of the International 
Group for Lean Construction, 3–12, Boston, Massachusetts, USA. July 2016; 
http://iglc.net/Papers/Details/1330.



6 

Author’s contribution 

Publication I: Abdollah Noorizadeh developed the idea, collected and prepared 
the required data, conducted data analyses, and wrote the manuscript with re-
views and comments from Antti Peltokorpi and Necmi K. Avkiran. 

Publication II: Abdollah Noorizadeh formulated the theoretical framework, col-
lected and prepared the required data, and wrote most of the manuscript. The 
author and Kamran Rashidi jointly conducted analyses and discussed the re-
sults. Antti Peltokorpi supervised the work and commented on the manuscript. 

Publication III: Abdollah Noorizadeh collected and prepared the required data, 
conducted data analyses, and wrote the original draft of the manuscript. To-
gether, the author and Timo Kuosmanen developed the theoretical framework 
and discussed the results. The work is supported with reviews and comments by 
Antti Peltokorpi. 

Publication IV: Abdollah Noorizadeh collected the required data and engaged 
in discussing the results, reviewing, and commenting on the manuscript. 

 



7 

List of figures 

Figure 1. Supplier pyramid. 

Figure 2. A conceptual framework of the study. 

Figure 3. Overall research design. 

Figure 4. Proposed process to concurrently deal with the changing operat-
ing environment and non-homogeneous DMUs. 

Figure 5. Supplier pyramid and development investment strategies. 

Figure 6. Gradual improvement process from level 4 to level 1. 

Figure 7. A method to adopt real option thinking and performance decom-
position for supplier selection and evaluation (modified from Bar-
nett 2008). 

Figure 8. Illustration of early and late evaluations (n = 1,374 evaluations). 

  



8 

List of tables 

Table 1. Supplier evaluation criteria. 

Table 2. Supplier evaluations by the construction company (2013–2016). 

Table 3. Allocation of purchasing by the construction company (2010–
2016). 

Table 4. Summary of the research process. 

Table 5. Characteristics of changing operating environments in construc-
tion projects. 

Table 6. Average supply chain performance growth and its components 
(%). 

Table 7. Performance decomposition of surviving group vs. exiting and en-
tering groups. 

Table 8. Comparison of evaluation scores between early and late project 
phases (ordinal regression analysis; n = 1,374 evaluations). 

Table 9. Summary of the results. 

 



9 

List of abbreviations 

Supply chain management (SCM) 

Data envelopment analysis (DEA) 

Recency, frequency, and monetary value (RFM) 

Supplier development (SD) 

Real options theory (ROT) 

Construction industry (CI) 

Multi-criteria decision-making (MCDM) 



10 

Part I: Overview of the dissertation



11 

1. Introduction 

1.1 Background 

While the construction industry (CI) plays an important role in the economic 
development of nations, slow productivity growth is one of the main criticisms 
of this sector (e.g., Latham 1994, Egan 1998; Segerstedt and Olofsson 2010; 
Kapelko and Abbott 2017). Former studies have discussed different character-
istics of CI in comparison to, for example, manufacturing, that may be source of 
this poor performance. First, one-time builds and location-based features of 
projects lead to constant changes in a construction firm’s (i.e., general contrac-
tor’s) products and working environment. Second, the temporary nature of con-
struction activities results in uncertainty about future projects. Moreover, CI is 
recognized for fragmented activities and processes (Dainty et al. 2001; Love et 
al. 2004). 

Huge investments by families, businesses, and governments (Paulsen and 
Sposto 2013; Albalate and Bel-Piñana 2019); expensive machinery (Tavakoli et 
al. 1989); land shortages (Wei and Zhang 2012); significant employment needs 
(Horta et al. 2013); long product life cycles (Segerstedt and Olofsson 2010); 
high-risk work environments (Shin et al. 2014); major environmental pollution 
(Ding 2008); and projects’ uniqueness (Arditi and Gunaydin 1997) are other 
features distinguishing the CI from many other business sectors. These points 
are enough to guide thinking performance improvement in this industry from 
its specific aspects. As such, it may be beneficial to investigate the possibilities 
for performance improvement in the CI to achieve desired outcomes. 

To achieve high performance in terms of construction, effective supply chain 
management (SCM) is particularly important (e.g., Akintoye et al. 2000; Love 
et al. 2004; Arantes et al. 2015). Prior research has discussed the factors that 
contribute to proper SCM implementation and utilization in the CI (e.g., Briscoe 
and Dainty 2005; Meng 2012). For instance, for effective project delivery, a 
long-term supplier–buyer relationship is identified more helpful than a short-
term one (Meng 2012). Studies also emphasize the importance of understanding 
existing differences in SCM between construction and other industrial settings 
(e.g., Briscoe and Dainty 2005; Bankvall et al. 2010). However, the construction 
supply chain can greatly benefit from learning about successful supply chain 
practices in other contexts, such as manufacturing. This conscious effort can 
support CI in delivering a higher level of performance.  
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In regard to learning and adapting well-established initiatives from manufac-
turing and service supply chains, previous studies have highlighted the increas-
ingly prominent roles of supplier evaluation (e.g., Liu et al. 2000; Mahdiloo et 
al. 2015; Li et al. 2019) and supplier development (e.g., Krause et al. 1998; Rog-
ers et al. 2007; Yadlapalli et al. 2018) for successful SCM. The former can pro-
vide a valuable understanding of suppliers’ strengths and weaknesses regarding 
offered products and services, while the latter can assist suppliers in amplifying 
performance by buying companies’ support. 

Given this background information, supplier evaluation and development are 
among the most important parts of SCM within different industrial sectors. 
However, these areas have received very limited attention in the extant con-
struction SCM literature, particularly empirical and analytical research. There-
fore, using longitudinal datasets from a real-world context, this dissertation 
aims to enhance the understanding and implications of supplier1 evaluation and 
development within the CI. To do so, this study takes insights from productivity 
and efficiency analysis, economics, marketing, and strategic investment litera-
ture. 

Supplier evaluation can reveal the supplier’s contribution to a buying com-
pany’s performance. From a strategic perspective, suppliers play a crucial role 
in obtaining a sustained competitive advantage for companies (e.g., Barney 
2012). Given that, supplier evaluation can provide valuable understandings for 
a firm to support continuous improvement in the products and services offered 
by suppliers. Accordingly, this can help the firm to keep and enhance its position 
in the operating market. 

A buying company can use regular supplier evaluations to constantly improve 
its own performance. This is increasingly important once the buyer starts to 
place frequent orders from a supplier. On one hand, the buyer can monitor and 
detect the supplier’s strengths and weaknesses regarding different aspects of 
performance. On the other hand, the supplier can learn about the buyer’s expec-
tations, which should be fulfilled to achieve continuity of collaboration. In this 
iterative process, continuously measuring improvements in a supplier’s perfor-
mance is tremendously valuable for both firm and supplier. 

Furthermore, supplier evaluation can help facilitate purchase decision-mak-
ing and define the quality of buyer–supplier relationships. From both short- and 
long-term perspectives, it is essential to determine the optimal number of or-
ders from different suppliers. Supplier evaluation can support the buyer in iden-
tifying high- and low-performing suppliers, and the purchasing volumes can be 
adjusted accordingly. If it is evaluated as low-performing and needs to entice a 
buyer to continue purchasing, a supplier may feel a need to change its behavior 
to improve its performance (Prahinski and Fan 2007). 

Next, the importance of supplier development (SD) for achieving even more 
fruitful supplier–buyer relationship management will be outlined. The critical 

 
1 In this study, the term “supplier” refers to all types of material and service providers. 
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role of SD has been stressed by former studies showing that supplier perfor-
mance can be enhanced through collaboration with the buying company (e.g., 
Krause et al. 2000; Modi and Mabert 2007; Yadlapalli et al. 2018). Hence, it is 
rational to believe that SD can empower companies to establish high-perfor-
mance supply chain bases (Modi and Mabert 2007). However, a review of the 
relevant literature demonstrates that SD and its advantages are rarely given 
prominence in the construction supply chain. On the other hand, while supplier 
evaluation is recognized as the most important—and, ideally, first—part of SD 
efforts (e.g., Krause et al. 2000), far too little attention has been paid to supplier 
evaluation in general, and within the construction supply chain in particular, for 
effective SD practice. 

When it comes to improving suppliers’ performance via SD initiatives, direct 
and indirect SD programs are two of the main strategies discussed in the litera-
ture. The former includes practices such as training and education of suppliers’ 
personnel (Krause and Scannell 2002), expertise and knowledge transfer (Dyer 
and Hatch 2004; Modi and Mabert 2007), financial investments (Mahapatra et 
al. 2012), and joint product development (Lawson et al. 2015). The latter in-
cludes activities such as supplier evaluation (Talluri and Narasimhan 2004), 
setting of performance improvement targets (Friedl and Wagner 2016), promo-
tion of competition among suppliers (Krause et al. 2000), supplier certification 
(Krause et al. 1998), and implementation of supplier incentives (e.g., future pur-
chasing) (Krause et al. 2000). 

While supplier evaluation is considered to be part of SD by much of the liter-
ature, in this study, we argue that, in general, supplier evaluation can play a 
critical role in various forms of effective SD implementation. Similarly, some 
research emphasizes that supplier evaluation is a key initial action for building 
competent SD initiatives (e.g., Krause et al. 2000; Humphreys et al. 2004; 
Lima-Junior and Carpinetti 2016). Regular and data-driven supplier evaluation 
is essential for the primary phase of implementation of the SD and, in the next 
phase, monitoring suppliers’ performance after putting SD programs into prac-
tice. However, more research is needed to show the benefits of analytical meth-
ods (e.g., data envelopment analysis [DEA]; recency, frequency, and monetary 
value [RFM]; productivity decomposition) and data generated from a real-
world context in the SD literature (e.g., Lima-Junior et al. 2016; Glock et al. 
2017). Given that, in construction settings, although projects and tasks may be 
fragmented, using supplier evaluation can help a firm to recognize and prioritize 
suppliers into different SD plans. This, in turn, can provide practical support 
through SD efforts to improve suppliers’ current capabilities and performance 
and enrich supplier–buyer collaboration. 

1.2 Research objectives 

Performance improvement has long been of great interest in the CI (e.g., Lat-
ham 1994; Egan 1998). Due to the importance of suppliers for enhancing per-
formance in this sector, as elucidated above, collecting suppliers’ performance 
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data and applying appropriate analysis are essential. To fill this gap, the current 
research aims to build decent data-driven supplier evaluation and development 
frameworks that can assist all stakeholders involved in construction projects. 
The research benefits from various theoretical and practical concepts that have 
been developed and established in other literature domains. 

The overall aim—developing effective supplier evaluation and development 
frameworks using data-driven methods—is divided into four objectives. First, 
the study illustrates challenges with supplier evaluation related to changing op-
erating environments in construction projects by reviewing relevant literature 
on the construction context. In addition, by outlining contextual differences be-
tween the manufacturing and construction supply chain, the study elaborates 
on various aspects of the changing operating environment that challenge typical 
supplier evaluation. It focuses on the supplier’s working environment (i.e., mov-
ing from one project to another), showing how a number of different project-
specific factors not under a supplier’s control might favorably or unfavorably 
affect its performance across various projects. Further, the problem of different 
data profiles, which arise in supplier evaluation because of the changing oper-
ating environment, is addressed. Finally, the possibility of using DEA (Farrell 
1957; Charnes et al. 1978), the most popular efficiency evaluation method in 
manufacturing and service supply chains, for supplier performance analysis in 
construction projects is discussed. In doing so, this work endeavors to answer 
the following question: What are the sources of change in a supplier’s project 
environment, and how DEA can be used for supplier evaluation in such set-
tings? 

Second, this research jointly uses of DEA, RFM (see, e.g., Zhang et al. 2015) 
and the customer pyramid (Zeithaml et al. 2001) to support effective SD invest-
ment allocation. Prioritizing an organization’s scarce resources is one of the 
most widely studied topics in many areas, such as management science, strate-
gic management, and marketing science (e.g., Korhonen and Syrjänen 2004; 
Bridoux et al. 2013; Petersen and Kumar 2015). Although extensive research has 
focused on the application of analytical and multi-criteria decision-making 
techniques for supplier evaluation and selection, limited attention has been paid 
to the application of these methods to SD (Friedl and Wagner 2016; Lima-Jun-
ior et al. 2016). Analytical and conceptual methods to categorize suppliers can 
be invaluable and practical tools to achieve optimal resource commitment for 
SD. To this end, DEA (from the efficiency analysis literature) and RFM and the 
customer pyramid (from the marketing discipline) are adopted. DEA, as a math-
ematical technique, is a popular methodology for performance analysis in dif-
ferent sectors (for the latest literature review, see Emrouznejad and Yang 2018). 
In addition, RFM is a well-established tool that has been developed and utilized 
in marketing science to analyze customer lifetime value. This study attempts to 
extend the RFM method from marketing to construction and shift its applica-
tion from customer to supplier analysis. To improve the functionality of RFM in 
the context of construction, a measure of shared projects (P) is added to produce 
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the RFMP scheme for supplier assessment. Further, this study applies the cus-
tomer pyramid, which is mostly used for customer prioritization, for supplier 
categorization. Following Zeithaml et al. (2001), this prioritization approach ad-
dresses the fact that not all suppliers contribute equally to a buyer’s business. 
As such, a company’s limited SD resources should first serve suppliers that are 
more valuable, and then remaining resources should be committed to middle- 
or low-value suppliers. Accordingly, the research question for this study is as 
follows: How can a contractor objectively categorize its suppliers to determine 
effective SD investments? 

Third, this study investigates supplier–buyer relationships over time. Alt-
hough the importance of long-term supplier–buyer analysis has been high-
lighted (e.g., Carr et al. 1999; Autry and Golicic 2010; Vanpoucke et al. 2014), 
surprisingly, there is lack of research and objective discussion on supplier per-
formance over time (e.g., Wetzstein et al. 2016) and firm purchasing behavior. 
As a result, this part of the research aims to empirically examine the association 
between suppliers’ performance and their status in the exiting, surviving, and 
entering categories in the buyer’s supply chain. Meanwhile, the contribution of 
each supplier category to improvements in the buyer’s supply chain perfor-
mance is illustrated by the overall performance decomposition of supplier. The 
study argues that the entering, surviving, and exiting supplier categories are 
equivalent to exercised, maintained, and abandoned options, respectively, from 
a real options theory (ROT) perspective. Therefore, this study addressed the fol-
lowing research question: Do performance decomposition technique and ROT 
represent appropriate mechanisms to understand structural changes in sup-
ply chain and subsequent performance improvements? 

Fourth, this research examines how supplier evaluation feedback is employed 
across the project life cycle. More specifically, considering the subjectivity of su-
perintendents’ opinions about supplier performance, it can be insightful to 
identify potential biases. This study focuses on the effect of suppliers’ position 
in early or late project phases on their performance score. Such an analysis can 
be a small step toward gaining a more thorough understanding of qualitative 
suppliers’ evaluations within construction projects. There is extensive literature 
on how to incorporate subjective judgments into analytical techniques for sup-
plier evaluation (e.g., Dou et al. 2014; Lima-Junior and Carpinetti 2016; Mo-
hammed et al. 2020). Despite its importance, however, the way in which human 
subjectivity can affect the results of supplier evaluation has gained little or no 
attention in construction projects in particular and the supply chain in general. 
Some studies address the challenges of subjective evaluation when comparing 
different objects (e.g., Ariely 2010; Locke et al. 2010; Kahneman 2011). Thus, to 
determine whether there is bias in the evaluation of suppliers, the following hy-
pothesis is proposed: Contractors tend to favor suppliers in late project phases 
over suppliers in early phases in their evaluations. 
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1.3 Research philosophy 

Philosophically, research deals with knowledge development in a particular re-
search field (Saunders et al. 2007, p. 101). Even answering a specific problem in 
a particular context is considered to be developing new knowledge (Saunders et 
al. 2007, p. 101). Thus, given the research objectives, this dissertation benefits 
from the theory elaboration perspective (Vaughan 1992). In the words of Fisher 
and Aguinis (2017, p. 441), “theory elaboration is the process of conceptualiz-
ing and executing empirical research using preexisting conceptual ideas or a 
preliminary model as a basis for developing new theoretical insights by con-
trasting, specifying, or structuring theoretical constructs and relations to ac-
count for and explain empirical observations.” 

The theory elaboration perspective is particularly relevant to this dissertation 
as it supports the use and combination of existing theories from other domains 
in the construction context (cf. Siltaloppi 2015). More specifically, this study 
adapts theories used for performance analysis in operations research, resource 
prioritization in marketing, productivity dynamics in economics, and ROT in 
the strategic investment literature. The capability to combine different method-
ological approaches and research designs is one of the strengths of the opera-
tions management discipline (Ketokivi and Choi 2014). Therefore, this study 
applies existing concepts to new empirical data in order to extend the applica-
bility and boundaries of the aforementioned theories in supply chain manage-
ment in general and the construction supply chain in particular. 

Regarding the research design paradigm, this dissertation adopts a positivist 
lens. Within the context of supply chain management, positivism is recognized 
as the dominant research paradigm (Oral and Kettani 2015; Darby et al. 2019). 
Generally, a paradigm is “a basic set of beliefs that guide action” (Guba, 1990, 
p. 17). Positivism is characterized by a deterministic ontology, objectivist epis-
temology, and quantitative methodology (Guba and Lincoln 1994). According 
to the deterministic ontology, realism is time- and context-free; in other words, 
reality exists regardless of the observer’s belief (Guba and Lincoln 1994). The 
objectivist epistemology refers to the possibility of investigating the phenome-
non without being influenced or being an influence, with replicable findings 
(Guba and Lincoln 1994). Methodologically, this paradigm adopts an experi-
mental view toward research questions and/or hypotheses that should be tested 
empirically, and in a structured way, to derive a conclusion (Guba and Lincoln 
1994). Given these explanations, and considering that mathematical modelling 
and statistical analysis are the most popular methodologies in operations man-
agement (Voss et al. 2002) that facilitate replication, this dissertation builds on 
the paradigm of positivism for detailed, data-oriented study of supplier evalua-
tion and development. 
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1.4 Thesis structure 

This dissertation is organized into two parts. Part one includes six sections that 
provide an overview of the research. The first section elaborates on the topic 
under study, highlighting the importance of the study and building on previous 
research. It also presents the study objectives and adopted research approach. 
Section two discusses the advantages of purchasing analysis, supplier evalua-
tion, and SD in the construction supply chain. Section three describes the theo-
retical and methodological foundations of the research. It briefly reviews the key 
concepts, including DEA, changing operating environment, RFM, the customer 
pyramid, productivity dynamics, and ROT. Section four frames the research de-
sign. This section contains discussions on the case study research, background 
information about the case construction company, and arrangement of the uti-
lized data. Section five provides a summary of the articles included in the study. 
It underlines the contribution of each article to the existing literature. The final 
section concludes the study, explaining the findings, theoretical and managerial 
contributions, limitations, and future research avenues. The second part of the 
dissertation consists of four original publications. 
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2. Supply chain management in the con-
struction industry 

Previous studies underline the need to implement successful SCM for perfor-
mance enhancement of the CI (e.g., Egan 1998; Vrijhoef and Koskela 2000; 
Segerstedt and Olofsson 2010). To do so, developing close and long-term sup-
plier relationship is recognized among essential prerequisites (e.g., Dubois and 
Gadde 2000; Frödell 2011; Bildsten 2014). However, to facilitate building such 
sustainable supplier–buyer relationships, below, we briefly elaborate on the 
critical roles of purchasing analysis, supplier evaluation, and SD. 

2.1 Purchasing analysis 

As purchasing from suppliers contributes to about 75–80% of construction 
companies’ total expenditure (e.g., Vrijhoef and Koskela 2000), purchasing 
analysis can improve the understanding of supplier–buyer transactions. In 
turn, this helps the buyer to devise more effective purchasing plans. However, 
research and analysis in this area remains scarce (see, e.g., Cox and Ireland 
2002; Frödell 2014). 

Supplier purchasing analysis has various benefits. For example, it can under-
line the supplier’s role in a company’s profitability. That is, unlike a general 
view, which assumes that customers are the main source of profit, cost reduc-
tion through effective purchasing can be a more manageable source of profit for 
a company. In turn, it can support the company in attaining a competitive ad-
vantage (Frödell 2014). Indeed, a construction company can have more control 
over the generation of value and profit from its suppliers, with which it has reg-
ular transactions, compared to its customers, who engage in purchases irregu-
larly and have a tendency to buy from competitors. 

In addition, purchasing analysis can support procurement managers with 
identifying the associations between different products/services that are pur-
chased together during a project. For instance, if the company buys item A, what 
is the probability of buying B, C, and so on at the same time? By answering this 
question, one can investigate the frequency at which different suppliers are 
jointly engaged in a single project. A higher frequency of joint presence can in-
dicate that those suppliers’ performance is interrelated. Such analysis can be 
enormously insightful for a construction company. For example, determining 



Supply chain management in the construction industry 

19 

the contribution of each supplier to projects and the total annual share of pur-
chases from those suppliers can help to foster more effective supplier–buyer re-
lationships. In addition, purchasing analysis enables prioritization of suppliers 
based on their joint appearance and, thus, justification of the level of SD invest-
ments in particular suppliers. In such settings, the criticality of suppliers to a 
buyer’s business is determined, and then the required SD actions are imple-
mented (Cox and Ireland 2002). 

The existing literature provides a very limited understanding of how supplier 
purchasing unfolds over time. As such, critically examining a construction com-
pany’s purchasing behavior can provide fresh insights into the importance of 
purchasing analysis in the construction sector. From a strategic management 
perspective, analyzing longitudinal purchasing data can help to identify possible 
purchasing patterns that would be missed if they were investigated merely 
through the lens of cross-sectional analysis. This is particularly notable in a real 
industry environment, where a company may unintentionally engage in pur-
chasing actions based on a certain behavior at several different points in time. 
This might result in unobserved purchasing patterns. However, long-term anal-
ysis of a company’s behavior can significantly support decision makers by re-
vealing common patterns across time and providing a broader understanding of 
the company’s applied purchasing process. Other positive aspects of long-term 
supplier–buyer relationships, such as enhancement of the buyer’s financial per-
formance (Carr and Pearson 1999), high-involvement relationships between 
buyers and suppliers (Gadde and Dubois 2010), and supplier learning (Gosling 
et al. 2019), can also be taken into account to improve the current purchasing 
practice. 

2.2 Supplier evaluation 

There is wide empirical support for the notion that supplier evaluation plays a 
crucial role in the SCM of companies within the manufacturing and service sec-
tors (e.g., Weber 1996; Narasimhan et al. 2001; Mahdiloo et al. 2015; Diouf and 
Kwak 2018). However, although purchasing functions are recognized as essen-
tial elements within the construction supply chain, there is much less discussion 
of supplier evaluation in this context. Hence, adopting and applying supplier 
evaluation methods, which are practiced in other industries, can help a con-
struction company to gain significant knowledge about its suppliers’ perfor-
mance and act accordingly. 

A construction company must make a constant and determined effort to meet 
the predefined cost, quality, and time targets in the construction phase of a pro-
ject. To do so, the company must properly manage a large number of suppliers. 
As such, evaluating suppliers’ performance is of crucial importance. Regular 
supplier evaluation can help a contractor to obtain desired performance out-
comes in its current and future projects. In turn, this can benefit clients through 
cost and time reduction and quality improvement in projects (Wickramatillake 
et al. 2007). 
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Previous studies have shown that suppliers have a significant role in the pro-
ject delivery performance of contractors during the construction phase (e.g., 
Vrijhoef and Koskela 2000; Eom et al. 2008; Aretoulis et al. 2010). However, 
few studies empirically analyze the contribution of supplier performance to buy-
ers’ adjustment of purchasing strategies over time. As such, analyzing the links 
between supplier performance and purchasing allocation is an important prac-
tical research problem. One could investigate whether higher performance mo-
tivates the buyer to allocate more purchases to a supplier. In addition, analysis 
should be performed to reveal whether receiving a greater share of purchasing 
orders from a buyer encourages a supplier to put more effort into improving 
different aspects of the supplied material or service in order to demonstrate that 
it is a high-performance supplier. 

A construction company can benefit from supplier performance analysis when 
designing future supplier–buyer relationship plans. Developing close, long-
term collaboration with suppliers is recognized to be essential for enhancing the 
outcome of the construction supply chain (e.g., Dubois and Gadde 2000; Frödell 
2011; Bildsten 2014). Specifically, longitudinal supplier evaluation can provide 
a valuable opportunity to examine different stages of the construction of such a 
relationship. Previous studies have also acknowledged that supplier evaluation 
is the most important—and, ideally, first—part of SD efforts (e.g., Krause et al. 
2000). Yet, it has gained little attention in the SCM literature in general, and 
within research on the construction supply chain in particular, for its role in 
devising competent SD practices. Supplier evaluation can support contractors 
in implementing suitable SD strategies over time after identifying potential and 
critical improvement areas. Considering the time- and cost-consuming nature 
of adopting direct and advanced SD programs (e.g., Sánchez-Rodríguez et al. 
2005), they might be more effective in the long run (Krause et al. 2000). Indeed, 
conducting supplier evaluations over time helps a company gain useful feedback 
regarding its development investments, analyze whether the cost and time it de-
voted to these investments paid off, and identify what should be revised to max-
imize the outcomes of such initiatives. 

2.3 Supplier development 

Former studies have emphasized the critical role of SD in enhancing supplier 
performance while collaborating with a buying company (e.g., Krause et al. 
2000; Modi and Mabert 2007; Chen et al. 2016). For example, SD can empower 
a company to establish high-performance supply chain bases (Modi and Mabert 
2007). However, review of the relevant literature demonstrates that SD and its 
advantages are rarely given prominence in the construction supply chain. Given 
that, a critical review of the growing body of SD studies in the manufacturing 
sector (e.g., Talluri et al. 2013; Osiro et al. 2014; Lima-Junior and Carpinetti 
2016), which highlight the importance of such strategies for successful business 
operations, can be used as a basis for SD practices in the CI. 
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Supplier development is “any activity undertaken by a buying firm to im-
prove either supplier performance, supplier capabilities, or both, and to meet 
the buying firm’s short-and/or long-term supply needs” (Krause et al. 2000, p. 
34). While there are different types of SD directives (see, e.g., Krause 1999; 
Sánchez-Rodríguez et al. 2005), a suitable development program can be imple-
mented based on the strategic and long-term perspectives of a buying company. 
Proactive and reactive approaches to SD (Krause et al. 1998) deserve particular 
emphasis. The former aims to guide major and critical suppliers to align them-
selves with the firm’s future purchasing decisions and strategic plans in the op-
erating markets. The latter focuses on improving current issues and inefficien-
cies with the supplied products/services. In the long term, proactive develop-
ment might be more important than reactive development for a buyer company. 
Although supplier evaluation plays an important role in both scenarios, the pro-
active approach helps the buyer to identify suppliers that show promising per-
formance records, motivating the firm to allocate more purchasing orders to 
those suppliers and engage in joint efforts to develop innovative solutions. In 
contrast, the reactive approach, which involves analysis of performance data, 
allows a firm to help suppliers overcome problems highlighted in the evaluation 
process with small development investments (Krause et al. 1998). 

Building on earlier studies that highlight the benefits of SD for the buying 
company (see, e.g., Rogers et al. 2007; Mahapatra et al. 2012; Lima-Junior et 
al. 2016), there are several reasons to practice SD within the CI. First, this sector 
represents about 9% of the gross domestic product (GDP) and 7% of total em-
ployment across the world (Horta et al. 2013). Suppliers are main contributors 
to these figures, providing a wide variety of products, services, and human skills 
for construction projects. Second, the CI is estimated to account for about 50% 
of the globe’s raw material consumption and roughly 40% of the total material 
waste (Kern et al. 2016; Horta et al. 2016). 

Furthermore, the CI is recognized for the high rate of fatal and non-fatal oc-
cupational injuries (Shin et al. 2014). As suppliers are responsible for up to 90% 
of operations in construction projects (Karim et al. 2006), there is a need to 
improve their safety performance. Lastly, the construction supply chain and 
procurement are potential sources of corruption, which is a serious problem 
that might occur in the purchasing process, in this sector (Søreide 2006). Sup-
plier training and open communication can be helpful for minimizing corrup-
tion. 



22 

3. Theoretical and methodological foun-
dations 

The critical role of suppliers in a construction company’s project delivery per-
formance has been stressed by previous studies (e.g., Vrijhoef and Koskela 
2000; Eom et al. 2008). Given that, regular supplier evaluation and develop-
ment can be enormously helpful for a company’s decision-making about strate-
gic purchasing and planning. Consequently, this research aims to extend the 
understanding of supplier evaluation, supplier development, and, in general, 
the longitudinal supplier–buyer relationship in the construction supply chain. 
To do so, we adopt different analytical and conceptual frameworks. The follow-
ing subsections provide an explanation of the key techniques and concepts ap-
plied in this doctoral research. While they are mainly discussed and utilized in 
manufacturing and service sectors, this study brings them all under one um-
beralla in the construction supply chain context.  

3.1 Data envelopment analysis 

DEA (Farrell 1957; Charnes et al. 1978) is a well-recognized approach to perfor-
mance analysis. This is a mathematical and multi-criteria decision-making 
(MCDM) methodology for measuring the efficiency of decision-making units 
(DMUs) relative to each other in terms of inputs and outputs. In doing so, it is 
important for a DMU to assign light weights for inputs and heavy weights for 
outputs in order to maximize its efficiency. This style of DEA modeling includes 
a weighting scheme to compare DMUs with each other, with each DMU trying 
to achieve the optimal weights for its inputs and outputs (Anderson et al. 2002). 
DMUs with an efficiency score of 1 are recognized as efficient, and those with a 
score of less than 1 are considered inefficient. 

In DEA, based on the duality theory of linear programming (Charnes et al. 
1978), each model can be formulated in multiplier and envelopment forms. The 
obtained efficiency scores are the same in both models, but each one provides 
different information. The multiplier form can generate the weights associated 
with inputs and outputs. On the other hand, the envelopment form helps to 
identify targets that can be used to determine possibilities for performance im-
provement, if the improvement direction is defined. The DEA model can be con-
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structed based on whether a decision-maker wants to emphasize minimizing in-
put consumption with fixed output production (input-orientation) or maximiz-
ing output production with fixed input consumption (output-orientation). 
These two types of modelling are recognized as radial DEA approaches. There is 
also a type of simultaneous input/output reduction/expansion known as a non-
radial DEA-based model. While advanced DEA models have been developed in 
the past few decades (for detailed studies, see, e.g., Cook and Seiford 2009; Zhu 
2015), here we discuss only basic information about DEA (for a better under-
standing of this method, see, e.g., Ray and Chen 2015, chapter 2). 

While DEA has been broadly applied in a variety of fields (for a detailed liter-
ature review, see Lampe and Hilgers 2015), it has rarely been applied to the con-
struction supply chain. At the same time, investigating the supply chain man-
agement and efficiency analysis literature reveals that DEA is the most common 
method of supplier efficiency evaluation within the manufacturing and service 
sectors (Ho et al. 2010; Lampe and Hilgers 2015). However, supplier perfor-
mance analysis in construction projects is challenging compared to most other 
business sectors. Therefore, the next section will discuss the changing operating 
environment of construction projects and how it may affect performance anal-
ysis. 

3.2 Changing operating environment 

Construction projects generally entail the construction of commercial and resi-
dential buildings; development of transport, energy, and water infrastructure; 
and construction of factory and warehouse space for other industries (WEF 
2016, p. 11). Due to the diversity and uniqueness of construction projects 
(Akinsola et al. 1997; Sun and Meng 2009), suppliers face a changing operating 
environment. Prior studies have identified a considerable number of variables 
that affect projects’ time, quality, and cost (e.g., Akinsola et al. 1997; Al-Momani 
2000; Chan et al. 2004; Sun and Meng 2009). Their findings support the idea 
that supplier performance is affected by moving from one project to another. 

Although changing operating environments are common across construction 
projects, this problem is almost entirely neglected in performance analysis lit-
erature on this sector (see, e.g., Tsolas 2013; Iyer and Banerjee 2016). However, 
the importance of changes in the operating environment have been recognized 
and examined in the efficiency analysis literature (e.g., Fried et al. 2002; John-
son and Kuosmanen 2011). Limiting our discussion to DEA, the homogeneity of 
the units under evaluation is one of the main assumptions in this method. Yet, 
variation between construction projects is not investigated by the few studies in 
which DEA is used for supplier performance analysis. 

The working environment of a supplier collaborating with a contractor can 
change between construction projects. These changes may be favorable or un-
favorable, causing a supplier to obtain a low performance score from one project 
and a high score from another. Furthermore, there are differences in project 
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characteristics, such as type, size, location, client type, number and mix of sup-
pliers, and project delivery method, meaning that the initial criteria for evaluat-
ing supplier performance cannot be applied equally in all projects. Likewise, no 
operations or production process can be fully standardized and utilized for all 
projects. Therefore, in some projects, all of the predefined inputs and outputs 
variables can be considered in a supplier evaluation, while in others, those var-
iables may not be applicable. Subsection 5.1 further explains the changing sup-
plier project environment. 

3.3 Recency, frequency, and monetary value 

Although construction projects are usually unique, recognizing the most recent, 
frequent, and high monetary value purchases can help a construction company 
meticulously plan its SD program. Due to the heavily supplier-oriented and tem-
porary nature of projects, identifying a method to effectively committee SD re-
sources is critical for the construction supply chain. To do so, analyzing the 
transaction history between a general contractor and its suppliers can be very 
beneficial. This study employs well-known RFM variables to quantify supplier–
buyer transactions. 

RFM is mainly used to determine an appropriate and personalized customer 
relationship management (CRM) approach (see, e.g., Zhang et al. 2015; Singh 
and Singh 2016). This is a simple, easy, and practical technique that is widely 
studied in the marketing literature and often applied in practice (Zhang et al. 
2015). For example, companies use RFM to analyze their historical transactions 
with customers, classifying customers into different groups based on values ob-
tained for each element of the method (i.e., R, F, and M). The results of this 
analysis can help to determine the optimal allocation of marketing resources to 
increase customers’ profitability. From a managerial point of view, applying the 
RFM technique to analyze suppliers may be more valuable than analyzing cus-
tomers because it is easier to control costs and increase profits in transactions 
with suppliers than with customers. 

The “R” element of this technique refers to the last time the customer pur-
chased from the company. A more recent purchase makes a customer more val-
uable than other customers. The “F” refers to the number of times that a cus-
tomer ordered from the company at certain time intervals. As the number of 
orders increases, the customer begins to play a role in the company’s strategy. 
The “M” represents the value of former purchases (Blattberg et al. 2008, p. 326). 
Higher values indicate that the customer plays a critical role in the company’s 
revenue. 

However, while RFM (a data-oriented technique) is commonly practiced for 
customer relationship management, there remain two main limitations to the 
traditional RFM approach. First, the coding of RFM elements is arbitrary. This 
means, for example, the decision-maker is responsible for determining whether 
1o, 5, or 3 levels of equal size are defined after sorting the data in descending 
order (Kumar and Reinartz 2012, p. 112). Second, the relative weights of R, F, 
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and M are subjective (Singh and Singh 2016) and, again, determined by the de-
cision-maker. To overcome to these problems, Singh and Singh (2016) suggest 
using DEA to obtain an RFM score, which allows customers to be ranked based 
on their performance in RFM measures. 

3.4 Customer pyramid 

There are a multitude of suppliers in the construction supply chain, and it is 
essential for a contractor to classify them to better manage SD initiatives. 
Grouping suppliers helps to reduce SD costs because managing many suppliers 
with similar characteristics can be less costly than handling individual suppliers 
with different characteristics. Furthermore, suppliers with similar problems 
and challenges should be considered as one group. If this is done, they can 
jointly inquire about a target-driven SD effort by the contractor, or they can col-
laborate and learn from each other to overcome certain problems. 

To classify suppliers and, in turn, improve the effectiveness of SD, this re-
search borrows the concept of the “customer pyramid” from marketing litera-
ture (Zithmal et al. 2001), changing the term “customer” to “supplier.” A pyra-
mid approach is practical and simple, and it has been successfully applied in a 
variety of studies. For example, Mahdiloo et al. (2011) used a pyramid to cate-
gorize customers for planning CRM in the food industry. Ekinci et al. (2014) 
employed a pyramid to segment bank customers according to their profitability. 
In this study, the supplier pyramid is utilized to categorize suppliers based on 
their RFMP scores for effective allocation of SD resources. 

In line with Zithmal et al. (2001), due to resource limitations, companies 
should prioritize their capital, human resources, and time for SD. In other 
words, greater resources should be committed to suppliers at the top tiers of the 
pyramid, who have higher RFMP scores, and fewer resources should be devoted 
to suppliers at the bottom of the pyramid, who have lower RFMP scores. This 
approach highlights that the same SD investment across all supplier groups will 
not result in the same level of performance improvement for the contractor. Fig-
ure 1 illustrates the supplier pyramid. Following previous works (e.g., van Raaij 
2005; Mahdiloo et al. 2011) the pyramid is partitioned into four tiers using 
80/20 logic; only a few suppliers can achieve the top two tiers, and the majority 
should be assigned to the bottom two tiers. Specifically, based on RFMP scores, 
1% of suppliers are distributed to the highest tier, and 80% are distributed to 
the lowest tier. 
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Figure 1. Supplier pyramid. 

3.5 Productivity dynamics 

After prioritizing suppliers for development investments, insights can be gained 
by performing supplier–buyer relationship analysis over time. Such analyses 
help the buying company to understand how its suppliers’ performance changes 
over time, improving the effectiveness of supplier selection, evaluation, and de-
velopment practices within the company. More specifically, longitudinal analy-
sis provides an opportunity to examine suppliers’ contributions to a company’s 
overall supply chain performance during the collaboration period. As such, the 
current study links supply chain performance improvement to the dynamics of 
productivity growth. 

There is a growing body of literature that stresses the importance of structural 
change for productivity growth within various industries in different countries 
(e.g., Baily et al. 1992; Olley and Pakes 1996; Asplund and Nocke 2006; Bartels-
man et al. 2013; Fonseca et al. 2018). For example, through their analysis of the 
dynamics of productivity growth in the U.S. telecommunication industry, Olley 
and Pakes (1996) show that the productivity growth of the surviving firm is rel-
atively modest, but the productivity of the industry is fueled by the entry of new, 
efficient firms and the exit of inefficient ones. According to this stream of re-
search, understanding how firms’ performance changes over time and whether 
such changes have a negative or positive effect on the industry’s productivity 
growth is a major area of interest. This literature mainly builds on the Schum-
peterian notion of creative destruction (Schumpeter 1942) to argue that a firm’s 
performance plays a pivotal role in its market share. In other words, existing 
market competition influences resource (re)allocation among firms. Structural 
change to the industry happens through the exit of firms with lower productiv-
ity, the entry of firms with higher productivity, and the reallocation of market 
shares among surviving ones. 

Based on this knowledge, the current study examines purchasing allocation 
among suppliers, revealing whether there exist similar types of resource alloca-
tion patterns among suppliers, as highlighted by previous studies in the produc-
tivity dynamics context. The association between suppliers’ performance and 
buyer’s purchasing allocation is investigated over time. Existing suppliers are 
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categorized into three groups—exiting, surviving, and entering—and the influ-
ence of these categorizations on overall supply chain performance growth is 
studied. To understand the contribution of each category to aggregate perfor-
mance growth, this study applies Melitz and Polanec’s (2015) approach to de-
composing overall supplier performance between the exiting, surviving, and en-
tering categories as well as purchasing reallocation among the surviving suppli-
ers. 

What distinguishes this research from prior studies of the dynamics of produc-
tivity growth is its connection to ROT. This study argues that entry and exit are 
not limited to competitive firms in the market. In a supply chain context, entry 
to and exit from a supplier network may result from real options practices by 
the supply chain management of the buying company. 

3.6 Real options theory 

Due to its flexibility, adopting ROT can greatly support managerial decision-
making. It can guide decisions about investments when the future is uncertain, 
making small initial investments a right, but not an obligation, to facilitate fur-
ther investments in the future (McGrath et al. 2004; Trigeorgis and Reuer 
2017). Specifically, ROT suggests that “a firm can take a variety of actions 
(scale up or down, abandon, change direction, or delay) when more infor-
mation is available, rather than make a full commitment to a given path at the 
outset of the project or initiative” (McGrath et al. 2004). Additionally, accord-
ing to ROT, a firm should undertake more uncertain projects (McGrath 1999) 
and abandon many projects (Adner and Levinthal 2004). The embedded flexi-
bility in ROT, which stems from sequential investments (Adner and Levinthal 
2004), supports management in exploiting upside opportunities and limiting 
downside losses (McGrath 1999). Thus, in general, a firm can attain high returns 
on investments as they take more and riskier projects (Barnett 2008). 

Recently, ROT’s ability to guide organizations’ strategic decision-making 
(Barnett, 2008) has been recognized. This has attracted great attention from 
different research disciplines, including R&D investment in pharmaceutical in-
dustry (e.g., McGrath and Nerkar 2004), customer value analysis (e.g., Haenlein 
et al. 2006), energy technology choice (e.g., Kumbaroğlu et al. 2008), and inter-
national market entry (e.g., Ahi et al. 2017). For a comprehensive literature re-
view of ROT applications, see Trigeorgis and Tsekrekos (2018). 

However, we know much less about ROT’s advantages for improving sup-
plier–buyer relationships and effective purchasing management in general 
(e.g., Hult et al. 2010) and in the construction supply chain in particular. This 
study argues that, due to the high uncertainty of construction projects and am-
biguity about future supplier–buyer relationships, ROT might be even more 
beneficial in the construction supply chain than in businesses with routine-
based supply chains. Thus, this research aims to demonstrate how the purchas-
ing behavior of the construction company can be viewed from an ROT lens. This 
approach provides a novel way to look at purchasing decisions over time.  
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The extant literature significantly draws upon cross-sectional analysis as a ba-
sis for studying buyer–supplier relationships in general (e.g., Terpend et al. 
2008; Autry and Golicic 2010) and supplier evaluation in particular (e.g., We-
tzstein et al. 2016). However, applying ROT to purchasing decision-making al-
lows the buyer to adopt a long-term perspective. Combining suppliers’ obtained 
purchasing share and performance across time enables this study to present in-
novative theoretical insights by linking two separate research branches: produc-
tivity dynamics and ROT. To maintain flexibility in decision-making, the com-
pany can analyze suppliers’ performance and then decide to continue or discon-
tinue purchasing from them. In contrast to relying on a supplier’s initial perfor-
mance to make purchasing decisions or not make a purchase at all, ROT sup-
ports a buyer’s purchasing allocation through sequential steps, meaning that fu-
ture purchases from a supplier depends on its prior performance achievements 
(cf., Barnett 2008; Adner and Levinthal 2004). After assessing growth and de-
cline trends in suppliers’ performance, more systematic purchasing practices 
can be adopted. Moreover, in construction projects with a changing operating 
environment, a single supplier’s contribution to a buyer’s performance is diffi-
cult to accurately estimate. ROT can greatly support purchasing managers by 
giving them the flexibility to start purchasing from new suppliers while improv-
ing or terminating collaboration with existing suppliers. This line of thought 
conforms with the ROT notions of exercising, maintaining, or abandoning real 
options (Barnett 2008). 

3.7 Synthesis of theoretical background 

The six previous subsections outline the theoretical foundations for this disser-
tation. In the first section, DEA (Farrell 1957; Charnes et al. 1978) is described, 
providing a basic understanding of this data-driven analytical method and how 
it measures the relative performance of units under evaluation. The popularity 
of DEA for supplier performance analysis in the manufacturing and service sec-
tors is highlighted, and its application is extended to the construction context. 
Nonetheless, construction projects have specific characteristics that challenge 
the traditional static operating environment for supplier evaluation when using 
DEA. 

In the second section, the changing operating environment across construc-
tion projects is elaborated, and supplier evaluation in the context of the con-
struction supply chain is reflected upon. Homogeneity of units is one of the main 
assumptions of DEA applications. Yet, variation between construction projects 
changes the supplier’s working environment. As such, a supplier that partici-
pates in various projects with the same contractor may obtain different perfor-
mance scores due to uncontrollable project conditions rather than its opera-
tional practices. Indeed, construction projects are widely recognized for having 
a high degree of uncertainty and complexity (e.g., Fearne and Fowler 2006; Sun 
and Meng 2009; Osipova and Eriksson 2013). Therefore, it is important to high-
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light the heterogeneity of the operating environment when monitoring and eval-
uating suppliers’ performance within different projects. In addition to under-
standing the current performance level of suppliers, the buyer’s SD plans can 
greatly improve supplier performance in future projects. 

The third section focused on the RFM technique (see, e.g., Zhang et al. 2015; 
Kumar and Reinartz 2012, p. 112) for effective SD resource allocation. While the 
advantages of RFM have been discussed in the literature on customer relation-
ship management (e.g., Blattberg et al. 2008), its application to SD planning has 
been unrecognized. Building on routine purchasing transactions, RFM can 
quantify supplier–buyer relationships. RFM can help to determine how recent, 
how frequent, and how much transactions are between a buyer and supplier, 
which can support the company’s purchasing decision-making with an under-
standing of the criticality of supplied materials and services. In addition, it pro-
vides a basis to set targets for future transactions with suppliers and implement 
competent SD plans. 

Due to the heavily supplier-oriented nature of the construction industry, 
grouping suppliers can enhance the effectiveness of SD. Thus, the fourth section 
described the concept of the customer pyramid (Zithmal et al. 2001). Prior stud-
ies utilized this concept to enhance customer relationship management in dif-
ferent business sectors (e.g., Mahdiloo et al. 2011; Ekinci et al. 2014). They argue 
that a large volume of marketing resources should be devoted to more valuable 
customers and that it is not beneficial to treat all customers equally. Although 
the customer pyramid was developed in the context of customer marketing, this 
dissertation claims that the approach can be successfully applied to prioritize 
suppliers for SD programs. Suppliers’ performance, measured by, for example, 
RFM score, can act as a basis for assigning them to different tiers of the pyramid. 
Suppliers in the top and bottom tiers of the pyramid achieved the highest and 
lowest SD investments, respectively, from the buyer company. Despite the 
aforementioned potential of the customer pyramid for practical use in the SD 
context, this dissertation argues that investigating a supplier’s subjective per-
formance evaluation can be very beneficial as a complement to objective finan-
cial transaction analysis. 

The fifth section discusses how firms’ productivity dynamics influence struc-
tural changes in market share (e.g., Baily et al. 1992; Olley and Pakes 1996; Fon-
seca et al. 2018). The literature shows that a firm’s performance plays a signifi-
cant role in its obtained market share. This study’s longitudinal supplier perfor-
mance and firm purchasing analysis reveals the dynamics of a supplier’s perfor-
mance and buyer’s purchasing allocation. The buyer’s suppliers are divided into 
three groups—exiting, surviving, and entering—to examine different categories’ 
performance and purchasing volume as structural changes in overall supply 
chain performance growth. In addition to analyzing the performance dynamics 
of supply chains, discovering potential patterns of strategic thinking in a buyer’s 
decision-making about purchases could provide insight into long-term purchas-
ing policy design. 
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Finally, the sixth section presented work on ROT. The logic embedded in this 
theory can guide organizations’ strategic decision-making under uncertainty 
(e.g., Dixit and Pindyck 1994; McGrath et al. 2004; Barnett 2008). With an un-
derstanding of the uncertainty involved in purchasing (e.g., Heckmann et al. 
2015; Fahiminia and Jabbarzadeh 2016) and the importance of effective man-
agement, the current dissertation contends that such uncertainty can be ad-
dressed by ROT. Synthesis of the literature on ROT and productivity dynamics 
provides novel and insightful clues about how these two research streams can 
be connected to form a unified framework for supply chain portfolio analysis. 
Under this framework, a buyer company can make an initial low-volume pur-
chase from a supplier and learn from its working relationship, reducing uncer-
tainty from supplier side. After that, based on the supplier’s performance, the 
company can decide to continue purchasing or to discontinue its relationship 
and search for another competent supplier on the market. The ROT structure 
also perfectly fits SD planning. Therefore, this research extends the boundaries 
and applicability of ROT in the supplier evaluation and development literature, 
aiming for more active supplier portfolio management.  

Figure 2 illustrates the connections among the different elements of this study 
and the evolution of the thesis. To form the study, initially, two points are inves-
tigated regarding supplier evaluation in construction projects: role of project’s 
phase on the attained evaluations of suppliers; and influence of project’s char-
acteristics on a supplier evaluation. In the next step, historical data on the sup-
pliers attained purchasing are analyzed in order to categorize them into differ-
ent groups, aiming to improve the current supplier development investments by 
the company. Finally, in a wider aspect, the study uses suppliers’ evaluations 
and purchasing data to recognize structural change in supplier portfolio, meas-
uring the supply chain performance over a four-year period.  

 

Figure 2. The conceptual framework of the study. 
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Given the conceptual figure above, benefiting from data-driven methods are 
of central importance to supplier evaluation, supplier development, and, in 
overall, to supply chain performance improvement in the construction sector. 
Within a supply chain, application of analytical approaches can support objec-
tive understanding of a phenomenon under study. In particular, using methods 
from other well-established research areas, that are developed and practiced 
over years, help to leverage the knowledge of those fields in construction oper-
ations management. To understand the value of multidisciplinary research de-
sign, therefore, the CI’s supply chain can embrace relevant yet under/rarely 
used data-driven approaches, trying to create an effect that is greater than the 
sum of its parts. 
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4. Research design 

Given the theoretical and methodological foundations outlined in the previous 
section, this section briefly describes how data from real-world settings is used 
to provide empirical support for the theoretical underpinnings of this research. 
The overall objective of the empirical research is to provide a more detailed un-
derstanding of supplier evaluation and supply chain development within the 
construction context. This sector offers several potential areas for novel contri-
butions. First, due to the fragmented and project-based nature of the construc-
tion industry, it is rare in practice to collect and analyze suppliers’ performance 
and purchasing data from projects. However, having access to such datasets 
greatly enriches discussions about supplier–buyer relationships and suppliers’ 
contributions to the construction company’s overall supply chain performance. 
Second, lack of access to proper datasets has limited the application of data-
oriented and analytical approaches to supplier evaluation and development in 
construction. While the use of mathematical and statistical analyses is well-es-
tablished in manufacturing and service supply chains, extending such practices 
to the construction supply chain can yield valuable insights for decision-makers 
and purchasing managers. Third, empirical work analyzing the supplier–buyer 
relationship has reviewed business sectors in general and the construction do-
main in particular, but it has paid little attention to longitudinal study design. 
Analysis of suppliers’ performance and a buyer’s purchasing behavior over time 
helps to reveal hidden but important patterns in supplier–buyer relationships. 

Figure 3 presents the research design of this dissertation, outlining the four 
research articles, which use longitudinal data regarding supplier evaluation 
feedback and/or purchasing volume. The type of data applied in each study and 
their connections are illustrated. Note that the following description is based on 
the logical order of the studied content and not the chronological order. The 
points of departure are possible challenges with supplier evaluation in construc-
tion projects and comparison with other business settings in which the supplier 
environment is more stable (Publication I). This study utilizes data that covers 
a supplier evaluations feedback in 2016 and the allocated purchasing volume 
across 2010-2016 to different building projects. The work is followed by a dis-
cussion of the importance of objective supplier ranking for development invest-
ments based on historical supplier–contractor transaction data (Publication II). 
The study focused on analayzing suppliers purchasing data from 2010 to 2015. 
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However, the research stressed the need for concurrent consideration of sup-
plier evaluation and purchasing records. Thus, the third publication provides 
new insights into the dynamics of suppliers’ performance and the construction 
company’s purchasing reallocation, and it shows that supply chain performance 
is improved through continuous changes in supplier network (Publication III). 
The study benefits from evaluation feedback and purchasing volume data from 
a large number of suppliers over 2013-2016 timeframe. The final work examines 
perceived supplier performance in the early and late project lifecycle (Publica-
tion IV). This research is conducted using suppliers’ evaluations data from 2013 
to 2015. Section 5 provides more detailed discussions of these publications. 

  

Figure 3. Overall research design. 

4.1 Case study research 

This dissertation adopts a case study approach. Previous research underlines 
the merits of case study research from different perspectives. First, as Flyvbjerg 
(2011, p. 302) points out, “much of what we know about the empirical world 
has been produced by case study research, and many of the most treasured 
classics in each discipline are case studies.” In operations management, the 
case study approach enables researchers to directly observe the subject of inves-
tigation (Seuring 2008). Second, case studies allow for theory building, testing, 
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refinement, and extension (Voss et al. 2002), and they help to ensure the exter-
nal validity and practicality of a proposed theory in the literature, which might 
result in the generation of a novel theory (Eisenhardt 1989). Third, case studies 
systematically attempt to answer how and why questions, considering explana-
tory links in cause–effect relationships (Yin 2018, p. 2). In the words of Yin 
(2018, p. 10), “this is because such questions deal with the tracing of opera-
tional processes over time, rather than mere frequencies or incidence.” Finally, 
case study research provides a better understanding of a phenomenon and its 
context (Dubois and Gadde 2002) through in-depth analysis of the units under 
study (Flyvbjerg 2011). 

Once a case study is chosen as a research approach, it is crucial to decide 
whether a multiple- or single-case design will be used (Siltaloppi 2015, p. 60). 
While a single-case design enables in-depth exploration of a phenomenon, a 
multiple-case design offers external validity for the results (Voss et al. 2002). 
Moreover, a single-case design is more suited for studying a new phenomenon, 
whereas multiple cases allows one to recognize similarities and differences be-
tween the cases (Yin 2018, p. 57). For either approach, a cross-sectional or lon-
gitudinal design should be decided upon. Longitudinal case designs, although 
difficult and time-consuming, can greatly improve the understanding of cause–
effect relationships (Voss et al. 2002). This dissertation adopts longitudinal sin-
gle-case study as the research design. 

 There are at least two reasons why a single-case design is suitable for the cur-
rent research. First, construction projects may last several years, depending on 
their type, size, and location. As such, systematic supplier performance analysis 
of various projects across different years is uncommon in the construction in-
dustry, and construction companies rarely collect suppliers’ performance data. 
Due to the lack of access to suitable supplier data from multiple cases, it is val-
uable to obtain a detailed understanding of suppliers’ performance over time 
through a single-case study. Second, the working contexts of construction com-
panies may differ, and a single-case study enables collection of a large number 
of data points from one company’s working context over time as well as an im-
proved understanding of the dynamics underlying certain relationships 
(Siggelkow 2007). Consequently, this dissertation includes a single-case study 
of one construction company. 

The case company is a large contractor that operates internationally. The large 
scale of its operations provides the company with broad resources and incen-
tives to establish an effective supply chain management system. The company 
has an extensive history of documentation of versatile supplier data within pro-
jects and across years. In Finland, it is a pioneer in terms of professional sup-
plier evaluation and development programs. In these initiatives, emphasis is 
placed on collecting and analyzing suppliers’ performance data from different 
construction projects located throughout the country. The company is inter-
ested in collaborating with external researchers to improve its current supplier 
evaluation and development framework. Thus, contrary to some other construc-
tion companies that were approached by the author of this dissertation, the case 
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company was willing to share relevant supplier data for research purposes. For 
these reasons, the company was chosen as a case study for this dissertation. 

4.2 Case description 

The case company is among the top 10 contractors worldwide, and it works in 
more than 10 countries. In 2019, approximately 38,000 people were employed 
by this company, and its revenue exceeded 16 billion euros. In Finland, it has 
about 15% of the market share in housing construction. The company executes 
different types of construction projects that generally can be categorized into 
residential buildings (e.g., apartment blocks, terraced houses), non-residential 
buildings (e.g., shopping centers, educational institutions, hospital, sports 
halls), or infrastructure construction (e.g., roads, bridges, tunnels, airports). 

In recent years, the company has initiated different programs to enhance its 
current position within the construction markets. For example, the company 
has been careful to avoid projects that may end with financial loss. In addition, 
it is constantly improving environmental aspects, the frequency workplace ac-
cidents, its code of ethics, and defects in the production process.  

To achieve the above goals, the company seeks the active collaboration of its 
suppliers. Thus, it has initiated a preferred supplier program involving on-site 
supplier evaluation and then planning of suitable supplier development efforts. 
The company’s supply chain management department arranges meetings with 
suppliers and discusses their performance, initiates required workshops and 
training sessions, or invites suppliers to complete online training modules. 
These activities can help suppliers to boost their performance in areas of con-
cern for the company based on evaluation data from project sites. Improving 
suppliers’ knowledge about safety-related issues is one of the primary applica-
tions of SD within the company. 

The company’s preferred supplier program began 2013, so it is still in its in-
fancy. The supply chain management department is continuously trying to im-
prove its current supplier evaluation and development initiatives. Thus, the 
company has embraced collaboration with researchers from various universities 
who are interested in the supply chain and procurement. The researchers gain 
supplier data from real-world construction projects, which offers a valuable op-
portunity to investigate various aspects of the supplier–buyer relationship, such 
as the company’s current supplier evaluation and development frameworks. 
Through their investigations, they can help to challenge existing practices and 
suggest unrealized possibilities for improvement by looking at the problem from 
new angles. 

4.3 Data 

Due to the temporary nature of construction projects, there have been limited 
attempts at systematic collection of supplier performance and purchasing data. 
However, the case company has developed a platform to gather supplier data 
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from the projects in which it is involved. In this study, different analyses are 
conducted using supplier data from the company’s database, including the com-
pany’s evaluation feedback to suppliers from 2013–2016 and purchases from 
2010–2016. 

In each project, feedback is given by the site manager or management team 
after a supplier accomplishes an assigned task. The management team plays im-
portant roles in, for example, controlling the production schedule, guaranteeing 
the quality of the supplied material/service, making purchasing decisions, com-
municating with clients, and facilitating suppliers’ work and collaboration on 
the site. Through fulfilling all these roles, the management team has a detailed 
overview of the project and can observe suppliers’ performance in assigned 
tasks.  

The evaluation feedback includes performance ratings (based on 12 evaluation 
variables) across different projects and years. Evaluation scores range from 1 to 
5, with 1 representing the worst performance and 5 representing the best per-
formance. Table 1 presents the variables that are used for supplier evaluation 
feedback. The company divides the 12 evaluation criteria into three main cate-
gories: safety; co-operation, reliability, and administrative procedures; and 
quality. 

Table 1. Supplier evaluation criteria. 

Safety: 
Attitude toward occupational safety 
Cleanliness, order, and environmental considerations 
Compliance with safety instructions 
Actions to promote safety 
 
Co-operation, reliability, and administrative procedure: 
Supervisor’s expertise and availability 
Compliance with the agreed-upon timetables 
Additional claims related to the contract 
Billing and payment terms in accordance with the agreement 
 
Quality: 
Compliance with the agreement 
Quality of the product and/or service 
Development activity (style of collaboration, way of working) 
Corrective actions regarding possible comments and complaints 

 
There could be also value in obtaining suppliers’ opinions regarding a contrac-

tor’s performance and development efforts. This could provide further insights 
on the supplier-contractor dyad. However, for this study, according to the ear-
lier discussion with the case company, permission to obtain data from suppliers 
is not granted. This supplier perspective would be an interesting extension for 
future research, especially helping to cross-check possible correlation of a sup-
plier and a contractor’s performance across and between projects. 

Table 2 provides basic data regarding the number of suppliers and associated 
evaluation feedback for each year from 2013 to 2016. There are a couple of 
points worth noting about these data. First, the total number of suppliers that 
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participated in the company’s projects is much higher than the number of sup-
pliers that presented in the table; not all suppliers received evaluation feedback 
from the firm. Second, suppliers may have received more than one evaluation 
in a project or may have been involved in more than one project per year. The 
position of the supplier in the firm’s supply chain, the criticality of the supplied 
material/service items, the number of orders from the supplier, and the stage at 
which the supplier became involved in construction operations may have af-
fected the number of evaluations they received. 

Table 2. Supplier evaluations by the construction company (2013–2016). 

Year No. of suppliers No. of evaluations  
2013 251 730 
2014 336 998 

2015 328 1092 

2016 379 1375 

Sum 1294 4195 
 
The purchasing data include the allocated purchasing volume from supplier, 

the year of purchase, the project number, and the number of orders from each 
supplier in each project. Table 3 presents the number of suppliers and corre-
sponding purchasing volume for each year from 2010 to 2016. Two points 
should be noted in regard to the purchasing dataset. First, the value of purchas-
ing orders can differ significantly among suppliers based on the number of or-
ders and the type of materials/services that were purchased. Second, the dataset 
is mainly based on the order amount, not invoice amount. As construction pro-
jects take a long time to complete, the order amount that is immediately rec-
orded after each purchase might differ from the invoice amount, which repre-
sents accumulated purchases. 

Table 3. Allocation of purchases by the construction company (2010–2016). 

Year No. of suppliers Purchasing volume (millions of euros) 
2010 1744 361.53 

2011 2054 428.55 

2012 1635 261.55 

2013 1540 311.40 

2014 1501 297.06 

2015 1510 332.33 

2016 7490 688.09 

Sum 17474 2680.51 
 
Table 4 provides information about the data utilized for each publication, in-

cluding the number of suppliers and projects as well as the number of evaluation 
records. Access to the relevant dataset was the main underlying factor for data 
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selection in each study. The table also presents the objective, method, and dis-
cussion of results with the case company for each publication. 

Table 4. Summary of the research process. 

Publication Objective Method Data Validation with 
the case com-
pany 

I.Supplier per-
formance evalu-
ation in con-
struction pro-
jects: challenges 
and possible so-
lutions 

To address 
differences in 
supplier 
evaluation in 
a changing 
construction 
environment 
relative to 
other routine 
business 
contexts  

Qualitative  
research 
(literature 
review, con-
ceptual 
framework 
develop-
ment based 
on DEA 
models) 

Operating 
environ-
ment char-
acteristics 
in 12 con-
struction 
projects, 
and evalu-
ations of a 
single sup-
plier in 44 
projects 

The initial con-
cept was dis-
cussed with the 
company’s supply 
chain manage-
ment department. 
They agreed to 
provide data on 
different project 
specifications to 
illustrate change 
in a supplier’s 
working environ-
ment between 
projects.  

II.Categorizing 
suppliers for de-
velopment in-
vestments in 
construction: 
application of 
DEA and RFM 
concept 

Objective 
prioritization 
of suppliers 
to enhance 
the effective-
ness of SD 
investment 
plans 

Quantita-
tive re-
search 
(DEA, RFM, 
customer 
pyramid) 

100 sup-
plier pur-
chasing 
transaction 

The analytical 
tools of DEA and 
RFM are pre-
sented to five 
company repre-
sentatives, most 
of whom came 
from the supply 
chain manage-
ment department 
of the company. 
They showed in-
terest in adopting 
these methods for 
supplier evalua-
tion and develop-
ment on a long-
term basis. 

III.Effective 
purchasing real-
location to sup-
pliers: insights 
from productiv-
ity dynamics 
and real options 
theory 

To develop a 
detailed un-
derstanding 
of suppliers’ 
performance 
and the case 
firm’s pur-
chasing be-
havior over 
time 

Quantita-
tive and 
qualitative 
research 
(multino-
mial logistic 
regression, 
perfor-
mance de-
composi-
tion, con-
ceptual 
framework 
develop-
ment)  

535 suppli-
ers’ perfor-
mance 
(3688 eval-
uations) 
and pur-
chasing 
transac-
tions (more 
than 770 
million eu-
ros) in 269 
construc-
tion pro-
jects 

A proposal to 
evaluate overall 
supply chain per-
formance by di-
viding suppliers 
into exiting, sur-
viving, and enter-
ing groups was 
presented to per-
sonnel in the sup-
ply chain manage-
ment department. 
Two face-to face 
meetings were ar-
ranged. The first 
involved two per-
sonnel, and the 
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second involved 
one. The person-
nel found this 
type of supplier 
classification to 
be insightful and 
a way to support 
strategic thinking 
for supplier–
buyer relationship 
management. 

IV.Project lifecy-
cle approach to 
the perceived 
value of suppli-
ers: a study of a 
Finnish contrac-
tor 

To outline 
possible bi-
ases in sup-
plier evalua-
tions within 
projects 

Quantita-
tive re-
search (or-
dinal re-
gression 
analysis and 
binomial lo-
gistic re-
gression) 

1374 sup-
plier per-
formance 
evaluations 
from 75 
projects 

Possible differ-
ences between 
early- and late-
stage evaluations 
is underlined in 
the same meet-
ings as described 
in publication II. 
The representa-
tives were of 
the opinion that, 
in their effort to 
control cost, time, 
and quality, su-
perintendents are 
more critical of 
suppliers in the 
early stage of a 
project than in the 
late stage. 

4.3.1 Subjectivity in supplier evaluation data 

Considering the supplier evaluation initiative of the case construction company, 
some attention should be paid to the nature of evaluation data. Three points 
should be noted. First, supplier performance is evaluated subjectively. As the 
superintendents differ across construction projects, their perceptions and 
scores of suppliers’ performance may differ. Thus, a supplier may obtain a high 
score for one project and, even with the same level of performance, a lower score 
for another project due to variation in the evaluators. This can indicate cultural 
and background differences in Likert scale scoring (Ogden and Lo 2012). 

Second, a superintendent’s evaluation of a supplier’s performance may be af-
fected by the quality of overall supplier performance in the project. That is, if 
one supplier performs very well and achieves a high score, that supplier will 
likely serve as a reference point for assessing other suppliers involved in the 
project. In such cases, supplier evaluation feedback is relative. The role of a ref-
erence point and the ways in which it can affect subjective evaluations have been 
identified by previous researchers (Ariely 2010, p. 7; Kahneman 2011, p. 282). 

Another important concern is the reproducibility of the data obtained from 
subjective supplier evaluation. In other words, if one asks a superintendent to 
do a test-retest procedure, what is the possibility of getting the exact same rating 
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for each criterion in multiple evaluations? Several contextual aspects have im-
portant effects on the way in which questionnaires are answered (Locke et al. 
2010, p. 168), including group or individual work, the similarity of conditions 
for the evaluators (e.g., laboratory, lunchroom, morning or afternoon), time 
limitations, the anonymity of responses, and whether suppliers are evaluated 
together or in subcategories. 

Above, some of the challenges with subjective supplier evaluation are dis-
cussed. However, these are general concerns that relate to Likert scale evalua-
tions, regardless of the context in which they are applied. This study benefits 
from supplier evaluation data from a large number of construction projects 
across several years, which helps to enhance quality of the utilized data, and 
therefore result in improvement of the conducted analyses and derived findings.
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5. Analyses and findings 

After providing background information on the structure of the utilized data, 
this section reviews the findings and contributions of each of the four research 
articles included in this study. Supplier evaluation and development are the cor-
nerstones of these publications. They are connected to each other by analysis of 
the supplier data from different perspectives with a focus on improvement of 
supplier evaluation and development practices. A review of the extant literature 
reveals that most extent supplier evaluation and development research is lim-
ited to the manufacturing and service sectors (see, e.g., Rogers et al. 2007; Ma-
hapatra et al. 2012; Mahdiloo et al. 2015; Lima-Junior et al. 2016). Given this 
research gap and the nature of the construction industry in general, it is neces-
sary to conduct longitudinal data-oriented studies on supplier performance 
analysis and development. The first article of the dissertation investigates the 
challenges of supplier evaluation in the construction context. The second article 
concentrates on how to effectively implement supplier development investment 
efforts. The third article addresses the role of supplier performance on the con-
tinuity/discontinuity of a long-term relationship with the buying company. The 
final study explains supplier evaluation in light of the project lifecycle. Each 
publication is discussed in more detail in the following subsections. 

5.1 Article I. Supplier performance evaluation in construction 
projects: challenges and possible solutions 

This study draws attention to contextual differences in supplier evaluation in 
changing construction projects. There is extensive research on supplier evalua-
tion (e.g., Weber 1996; Mahdiloo et al. 2015; Lima-Junior and Carpinetti 2016). 
However, no study has discussed the changing supplier operating environment 
as a serious challenge to supplier evaluation in construction projects. As such, 
this research underlines various reasons that supplier evaluation may be hin-
dered compared to routine manufacturing production, and it suggests possible 
ways to overcome such problems when applying DEA. Longitudinal data on 12 
construction project characteristics from 2010–2016 are collected to illustrate 
challenges with supplier evaluation in a changing operating environment. The 
underlying reason for limiting the investigated projects to 12 is focusing on 
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changing working environment of one specific supplier. In doing so, those pro-
jects are chosen in which the supplier had the highest financial transaction his-
tory with the company. Here practically possible differences among the projects 
are discussed. Moreover, supplier evaluations in 44 building projects are pre-
sented to show how a changing operating environment may result in diverse 
input and/or output data profiles. Following the same logic of investigating on 
a certain supplier, in selecting these projects, attention is concentrated to the 
supplier that has the second highest financial transactions with the company. It 
makes monitoring of the supplier’s evaluations possible across different projects 
that this supplier is attended. Based on these data one can come to a better un-
derstanding of a supplier performance measures in construction projects. It 
elaborates on variations in projects, indicating that some of the evaluation 
measures are irrelevant for supplier analysis in some projects. 

5.1.1 Characteristics of construction projects operating environment af-
fecting supplier performance 

As DEA is a popular approach to supplier evaluation, selection and performance 
improvement in manufacturing settings, promoting its application in the con-
struction supply chain can be valuable. This study contributes to construction 
supplier evaluation from two perspectives. First, it highlights some challenges 
facing supplier evaluation in the construction context. Various elements that 
can affect supplier evaluation in changing operating environments are identi-
fied from three dimensions: project product and location characteristics, project 
organization characteristics, and buyer–supplier transaction characteristics. 
Each of these categories is divided into three subgroups. Table 5 presents the 
main categories and their components. 

Table 5. Characteristics of changing operating environments in construction projects. 

Project product and lo-
cation characteristics 

Project product 
type 

Project product 
size 

Project location 

Project organization 
characteristics 

Client type Number and 
mix of suppliers 

Project delivery 
method 

Buyer–supplier trans-
action characteristics 

Number of or-
ders and inven-
tory manage-
ment 

Position of sup-
plier in the pro-
ject operation 
timeline 

Continuity of 
transactions 
and relation-
ships 

 
This study draws attention to how variation in each category affects supplier 

performance evaluation. Each specific characteristic is briefly elaborated in the 
following parts. 

5.1.1.1 Project product and location characteristics 

• Project product type 
When constructing diverse products, access to different machinery, technical 
capabilities, and proper suppliers can be more challenging than routine produc-
tion with focused products. Even in projects focused only on the construction of 
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buildings, the circumstances and requirements vary between projects. In such 
cases, supplier performance can be affected only by variation in the way differ-
ent building types, such as residential, office, educational, healthcare, sport, re-
tail, and warehouse buildings, are constructed. Lack of standardization and 
higher variability in project types (Azambuja and O’Brien 2009, p. 2-9) may re-
sult in different expectations from suppliers regarding, for example, quality, 
cost, and time. Therefore, it can be claimed that the basis of supplier comparison 
changes with different project types. The issues with changes in the basis of 
analysis and its influence on accurate comparison have been argued by Kahne-
man (2011, p. 282). 

 
• Project product size 
Buildings’ specifications, such as size, can increase or decrease in different pro-
jects. In addition, the level of constructability can differ (Kärnä and Junnonen 
2017). Project size has a direct effect on the complexity of operations; different 
sorts of expertise, facilities, and experience are required for large and small pro-
jects (Pheng and Chuan 2006). Usually, project size also determines the number 
of project participants and construction duration. It is almost certain that task 
coordination and project time can be affected by a change in the number of 
stakeholders in each project (Xia and Chan 2012). For example, one may high-
light precedence relationships among suppliers’ works. A multitude of suppliers 
in large projects can increase the probability of unexpected problems during 
construction. In such cases, a delay with one supplier may cause a delay for 
other suppliers through the ripple effect (Pheng and Chuan 2006). This can im-
pact the planning and optimal allocation of resources with other suppliers and, 
therefore, their performance (i.e., compliance with agreed-upon timetables). 
 
• Project location 
Location is another factor that contributes to projects’ overall performance (Xia 
and Chan 2012). Previous research highlights the role of location on the com-
plexity of projects (e.g., Zhu and Mostafavi 2017). For instance, weather condi-
tions, the state of preservation, and authorized construction regulations can dif-
fer between project locations, and these may affect the predefined project 
budget and time (Sun and Meng 2009). Changes in climate and weather condi-
tions are recognized as some of the main reasons for project delays and cost 
overruns (Kaming et al. 1997; Assaf and Al-hejji 2006). In another study, Hu et 
al. (2011) outlined the role of project location in suppliers’ safety performance. 
Site location and weather conditions are some of the variables that influence the 
risk of fall injuries (Hu et al. 2011). This suggests that, even when general con-
struction safety regulations are taken into account, a supplier’s workers are 
more prone to risk of injury in some projects than others. Due to the role of 
location in project performance, it is reasonable to consider its importance and 
influence in supplier performance analysis. 
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5.1.1.2 Project organization characteristics 

• Client type 
From a contractor perspective, clients can differ between projects. As a result, 
there are differences in the way in which projects are acquired (e.g., competitive 
bidding, negotiations), clients’ knowledge and expertise, the definition of qual-
ity and expectations, the financing conditions of a project, the necessity and pos-
sibility of following the predefined schedule, and incentives to deliver the pro-
ject ahead of time. In addition, there are projects in which the contractor is the 
initial owner and developer. In this scenario, the contractor is the main investor 
that aims to sell the apartments, offices, or shops to final customers. The client’s 
role in the integration of different involved parties in the supply chain has been 
highlighted (Briscoe et al. 2004). The contractor’s sales and profits can be di-
rectly affected by its ability to manage suppliers ability during a project. This 
may result in a different quality outcome, total cost of completion, and attrac-
tiveness of the project compared with a situation in which the contractor is not 
the main client. Accordingly, a contractor needs to adjust its requirements of 
suppliers to enhance the competitiveness of the final outcome. 
 
• Number and mix of suppliers 
The number, mix, and involvement of suppliers can differ between projects of 
different size and type. Based on the type of construction project, an unfixed 
number of suppliers with different backgrounds come together and establish a 
temporary operation team. While a diverse set of suppliers may participate in 
each project, the successful delivery of the project is the ultimate goal. Effective 
integration of diverse suppliers into project teams contributes to improvement 
of projects’ performance (e.g., Baiden et al. 2006; Lavikka et al. 2015). Changing 
the mix of suppliers impacts the working relationships in the project, affecting 
team performance. Therefore, it is almost certain that the mix of suppliers will 
vary across projects. This can alter the level of achieved teamwork integration 
to different extents. 
 
• Project delivery methods 
Project delivery methods are different strategies for making formal agreements 
between/among the main project parties. It involves each member’s predefined 
tasks and obligations, which may start before a project is designed to and may 
continue even after the project is completed (Hanna 2016). The influence of pro-
ject delivery methods on general project performance has been discussed by 
previous studies (e.g., Eriksson and Westerberg 2011; Mesa et al. 2016). As un-
derlined by Baiden et al. (2006), the project delivery method can influence the 
integration of project team members and, as a result, a project’s performance. 
The most common project delivery methods are design-build, design-bid-build, 
and construction management at risk (Mesa et al. 2016). Recently, alliancing 
contracts, such as integrated project delivery, have been applied as new collab-
orative contracting formats in construction projects (Mesa et al. 2016). 
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5.1.1.3 Buyer–supplier transaction characteristics 

• Number of orders and inventory management 
Compared to a manufacturing production line, in which, normally, a predefined 
number of orders are placed from its suppliers several weeks ahead, it is often 
challenging for a contractor to know the exact amount of materials required on 
the project site. In addition, traditional inventory management is not applicable 
or desirable in temporary construction projects (Eriksson 2010). The number of 
orders and level of inventory can vary greatly among construction projects 
based on, for instance, their type, size, and location. 
 
• Position of supplier in the project operation timeline 
The diversity of purchased items and changes from project to project are im-
portant components of purchasing in the construction supply chain. The perfor-
mance of suppliers whose tasks are on the critical path of a project’s production 
process has a great impact on the project’s overall time and cost. Fearne and 
Fowler (2006, p. 284) state that “any late completion of a task on the critical 
path will immediately impact on the programme by delaying the start of the 
succeeding task. However, an early completion of a task on the critical path 
will very likely have no corresponding beneficial effects on the rest of the pro-
gramme.” Thus, measuring the performance of suppliers based on their posi-
tion in the project operation timeline is associated with some challenges. 
 
• Continuity of transactions and relationships 
The critical role of partnerships in improving construction project performance 
has been studied in the past (for a literature review, see Bygballe et al. 2010). 
The longevity of relationships has also been recognized as an important factor 
for a high-involvement relationship (Gadde and Dubois 2010). However, due to 
the nature of the construction supply chain, a supplier does not have equal 
chance of participating in all of a contractor’s projects. Specifications differ be-
tween projects, and thus the need for certain materials and services may vary. 
It has been reported that this switching of suppliers may prevent the formation 
of long-term supplier–contractor business relationships (Brown et al. 2001). 

Meanwhile, in construction supply chain, high rate of exit and entry is an im-
portant issue that can influence the buyer–supplier relationship and therefore 
long-term supplier development planning. According to Proverbs and Holt 
(2000, p. 153), suppliers permanent presence in projects “can provide oppor-
tunity for them to offer their expertise and so maximise potential for cost sav-
ings”. On the other hand, uncertainty about the availability of future projects by 
the same contractor motivates suppliers to join forthcoming projects by other 
contractors. In the same vein, Gadde and Dubois (2010, p. 256) mentioned that 
“the more important the buyer is perceived to be for the future, the more re-
sources and efforts the supplier is willing to direct to the current episode”. In 
such settings, supplier development investment by one contractor might benefit 
other competitor contractors. Hence, in construction context, effective design 
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of supplier development practices requires more analytical and long-term view 
than many other sectors. 

5.1.2 Framework to consider changing operating environment in sup-
plier evaluation 

The second contribution of this research relates to the DEA literature, which 
links the stream of research on non-homogeneous DMUs to studies on changing 
operating environments. While conventional DEA assumes that all DMUs oper-
ate in a similar environment, some researchers note that DMUs’ operating en-
vironment might affect their performance (e.g., Banker and Morey 1986; Fried 
et al. 1999; Aggelopoulos and Georgopoulos 2017). Similarly, this study argues 
that there might be evaluation variables that are not relevant to specific projects 
or are not a priority for supplier evaluation. This can mean that a supplier has 
no data for certain variables in some projects, leading to a problem with input 
and/or output data profiles (e.g., Cook et al. 2013; Li et al. 2016; Zhu et al. 2018). 
This study also contends that non-homogeneity in supplier evaluations may be 
due to changing project environments. Based on prior studies on changing op-
erating environments and non-homogeneity among DMUs, Figure 4 present a 
framework that can be used for supplier evaluation in changing construction 
project environments with different performance input and/or output profiles.  

The framework illustrates two main steps that need to be taken in order to apply 
DEA in the context of this research. First, it must be determined whether a sup-
plier’s input and/or output data profiles differ from the projects in which they 
were involved. If not, a supplier performance analysis can be conducted using 
DEA models (e.g., Banker and Morey 1986; Fried et al. 1999; Aggelopoulos and 
Georgopoulos 2017), which are developed to take environmental factors into ac-
count (i.e., uncontrollable variables). On the other hand, if a supplier’s data pro-
file varies across projects, a DEA model that handles non-homogenous DMUs 
(e.g., Cook et al. 2013; Zhu et al. 2018) should be applied initially. Afterward, 
the results can be incorporated into models that consider environmental factors. 
Thus, as a changing operating environment challenges systematic evaluation of 
a supplier across projects, this research suggests a framework to help contrac-
tors take into account the operating environment and non-homogeneous DMUs 
during supplier performance analysis with DEA.  
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Yes 

Yes 

No 

No 

Start 

End 

Is a supplier op-
erating in a 
changing project 
environment? 

Consider handling non-homogeneous DMUs in DEA modelling by: 

Viewing a DMU as a set of business subunits in which the weighted average 

efficiency of subunits constitutes a DMU’s overall efficiency (e.g., Cook et al. 

2013) 

Using a DEA cross-efficiency-like model to handle missing data in inputs or 

Do the supplier’s 
input and/or out-
put profiles vary 
between projects? 

Take into account the influence of the changing operating environment when 
applying DEA by:  

Determining the positive or negative effect of environmental factors on a 

DMU’s performance before running the model (e.g., Banker and Morey 

1986) 

Adjusting the input and output values after regressing the efficiency results 

on environmental factors and then rerunning the model (e.g., Fried et al. 

1999) 

Use conventional DEA models 
(e.g., Charnes et al. 1978) to de-
termine the supplier’s effi-
ciency 

Figure 4. Proposed process to concurrently deal with the changing operating environment and 
non-homogeneous DMUs. 
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5.2 Article II. Categorizing suppliers for development investments 
in construction: application of DEA and RFM concept 

Although construction firms try to select the most appropriate product and ser-
vice suppliers from the market, there is a need for systematic SD activities to 
improve the performance/capabilities of suppliers via direct and indirect invest-
ments (e.g., Krause et al. 2000; Chen et al. 2016). Firms need to effectively al-
locate their resources to optimize the outcome of SD efforts. However, there is 
limited research on the application of analytical methods to support SD by sup-
plier performance analysis, prioritization, and definition of investment strate-
gies in the construction sector. Additionally, most of the data utilized in the SD 
literature are the results of conceptual or subjective analysis. In this study, an 
objective framework is developed with DEA, RFMP, and the supplier pyramid 
to categorize suppliers for effective development investment planning. 

One hundred suppliers that had received the highest volume of purchases 
from the construction company from 2010 to 2015 were chosen to examine sug-
gested SD investments in a practical context. There are two major reasons to 
limit the number of suppliers to this: i) Importance of performance improve-
ment for these suppliers due to their high percentage of financial transactions 
with the company; ii) Similarities in the suppliers’ scales of operations. Initially, 
four criteria—recency (R), frequency, (F), monetary value (M), and shared pro-
jects (P)—were considered to evaluate the suppliers’ value. These data are used 
in the DEA model to rank suppliers. In the next stage, suppliers are sorted into 
the pyramid, taking into account the DEA results. The amount of development 
investments depends on suppliers’ position in the pyramid; suppliers with more 
significant contributions to the construction company’s business are prioritized. 
Over time, suppliers in the lower tiers of the pyramid can improve their trans-
actions with the company and move to the upper levels, thus obtaining a larger 
portion of the development investment budget. Figure 5 illustrates the pyramid. 
Suppliers with a full RFMP score are at the top of the pyramid (L1), while the 
lowest level (L4) contains suppliers with lower RFMP scores. Suppliers’ scores 
improve over the levels (i.e., L1>L2>L3>L4). 
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Figure 5. Supplier pyramid and development investment strategies. 

 
To match the developed idea to SD investment, in this research, RFM defini-

tions are revised according to a buyer perspective. As such, R is defined as the 
last time (year) the company made a purchase from a supplier. F refers to the 
registered orders (number) from a supplier, and M refers to the value of the 
purchase (euros). To overcome the limitations of RFM for the current study con-
text, the variable P is added to indicate the involvement of a supplier in different 
construction projects (number). Computing P is of interest because it addresses 
the project-specific and non-continuous production environment. Framing 
RFMP and applying it in a sector other than marketing can add a new dimension 
to supplier–buyer transaction analysis in the construction supply chain. 

In the context of CRM, companies seek to obtain the highest level of revenue 
from customers, but in the context of SCM, companies are often interested in 
achieving the highest value creation via their suppliers. Devising a suitable 
framework is of great value for categorizing a myriad of suppliers for SD re-
source allocation. Given the importance of implementing an effective SD pro-
gram, Figure 6 schematically presents possible scenarios for gradual perfor-
mance improvement to move from the bottom to the top of the pyramid (L4 → 
L3 → L2 → L1). 
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Figure 6. Gradual improvement process from level 4 to level 1. 

5.3 Article III. Effective purchasing reallocation to suppliers: in-
sights from productivity dynamics and real options theory 

Even though longitudinal analysis of supplier–buyer transactions is very bene-
ficial for active SD and management practices, the effectiveness of such pro-
grams needs to be examined. For this purpose, systematic and joint investiga-
tion of supplier performance and acquired purchasing can offer valuable in-
sights to decision makers in supply chain management departments. Prior stud-
ies highlighted the lack of empirical and longitudinal supplier evaluation and 
purchasing management (e.g., Autry and Golicic 2010; Wetzstein et al. 2016; 
Cox and Ireland 2002). Compared to other industries, fewer long-term sup-
plier–buyer relationship studies have been performed in the construction con-
text. Therefore, this research aims to increase knowledge on the dynamics of 
supplier evaluation and purchasing by proposing a novel way to analyze sup-
plier–buyer relationships. 

To achieve this goal, several branches of the academic literature are linked. 
Insights about productivity dynamics in the economics literature and the ROT 
from the strategic investment context are applied to the construction supply 
chain context. This was done to understand the underlying logic of continuous 
changes in the construction company’s supplier network in light of longitudinal 
supplier performance and purchasing analysis. Based on suppliers’ continuity 
and discontinuity and the newness of their relationship with the company, they 
are divided into surviving, exiting, and entering groups, respectively. The 
method presented in Figure 7 is developed to illustrate how the purchasing be-
havior of the construction company can be explained in the context of produc-
tivity dynamics and ROT logics. The longitudinal design of this study enables 
analysis of the allocated purchases to suppliers as options over time. 

With this method, the company’s overall supply chain performance is meas-
ured through reallocation of purchases among the surviving, exiting, and enter-
ing supplier groups based on their performance. To test the model, suppliers’ 
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performance and the purchasing volumes of 535 suppliers in 269 construction 
projects are analyzed from 2013 to 2016. To this end, the entire available sup-
plier data is examined to construct the final dataset. This dataset is used for 
quantitative analysis of structural change in the buyer’s supplier network. Over 
this period of study, following Melitz and Polanec (2015), Table 6 presents the 
performance contribution of each supplier category as well as the reallocation 
of purchases among survivors. These four components represent total supply 
chain performance growth. The table shows how these components and overall 
supplier performance change over time. The results show that the overall per-
formance of all suppliers increased by almost 12.7 percent during this time pe-
riod. The most important source of performance improvement is attributed to 
the group of surviving suppliers, which improved performance by a staggering 
13.79 percent. However, reallocation of orders among surviving suppliers had 
only a marginal effect on overall performance. Another notable source of per-
formance improvement (3.9 percent) is due to the exit of suppliers with low per-
formance. In contrast, the entry of new suppliers contributed to a 5 percent de-
crease in the overall performance of the supplier pool. These results suggest that 
the development of surviving suppliers is successful and that excluding weak 
suppliers positively contributes to overall performance. Reallocating orders to 
the best-performing survivors could provide possibilities for further perfor-
mance improvement. In particular, the selection of new suppliers might call for 
more careful attention. 
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Figure 7. A method to adopt real option thinking and performance decomposition for supplier 
selection and evaluation (modified from Barnett 2008). 

 

Table 6. Average supply chain performance growth and its components (%). 

Component 2013–2016 
Surviving suppliers 

+ Exit contribution 

+ Entry contribution 

+ Reallocation effect 

13.79 

3.93 

-5.06 

0.03 

=Total supply chain performance growth 12.69 

 
Table 7 provides information about the effects of exiting and entering suppli-

ers on the case company’s supply chain. The surviving group acts as a reference. 
The entering (in period t = 2015–2016) and exiting (in period t-1 = 2013–2014) 
groups positively influence supply chain performance if the sum of the perfor-
mance change for surviving + entering (period t) is higher than surviving + ex-
iting (period t-1) due to a shift in performance and market share across these 

Supplier portfolio 
and its performance 

at time t 

Options exercised = 
Entering supplier 

Options maintained = 
Surviving supplier 

Options abandoned = 
Exiting supplier 

Supplier portfolio 
and its performance 

at time t+1 

Options abandoned = 
Exiting supplier 

Options maintained = 
Surviving supplier 

Options exercised = 
Entering supplier 

Supplier portfolio 
and its performance 

at time t+2 
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two time periods. The results reveal that the exit of suppliers with lower perfor-
mance and entry of suppliers with higher performance increases the surviving 
supplier’s performance at period t. As such, it might be rational to believe that 
the improved performance of the surviving group stems from the entry of new 
suppliers that could obtain a higher market share than the exiting suppliers 
(0.30656 > 0.17436). Surviving suppliers have to compete with the entering 
group to keep their current market share and, if possible, increase it. 

Table 7. Performance decomposition of the surviving group vs. the exiting and entering groups. 

Period 
 

 Surviving 
* 

 
** 

 Exiting 
 

 
 

 Surviving 
and exiting 

 
t-1 (2013–2014)  3.77743 0.82564  3.55212 0.17436  3.73814 

  Surviving 
 

 
 

 Entering 
 

 
 

 Surviving 
and entering 

 
t (2015–2016)  3.98266 0.69344  3.81751 0.30656  3.93203 

*P = performance (range = 1–5) 
**s = market share (the entire value = 1) 

5.4 Article IV. Project lifecycle approach to the perceived value of 
suppliers: a study of a Finnish contractor 

While supplier evaluation provides practical information about the perfor-
mance of suppliers at construction sites, the subjectivity of evaluations by su-
perintendents should be addressed. In other words, the centrality of on-site su-
perintendents in qualitative analysis when describing or comparing suppliers 
may affect the evaluation results. As mentioned earlier, this problem aligns with 
previous studies, which highlighted the role of a reference point (see, e.g., Ariely 
2010, p. 7; Kahneman 2011, p. 282) and individuals’ beliefs and experiences 
(e.g., Locke et al. 2010, p. 214) in item evaluations. As such, this research en-
deavors to add to supplier evaluation in the construction context by arguing that 
the supplier’s position in the project life cycle might affect its evaluation by su-
perintendents. 

Two points should be noted here. First, the type of activity performed by the 
supplier determines the stage at which it becomes involved in the construction 
project. Second, the level of uncertainty is high in the early phase of projects. 
Taking these conditions into account, testing the contractor’s perception of sup-
pliers’ performance early and late in the project life cycle can reveal whether 
superintendents tend to be more critical in their evaluations of suppliers active 
in early phases. 

To explain the possible connection between the timing of suppliers’ activity 
during project life cycle and the obtained performance score, this study investi-
gates 1374 evaluations from 75 construction projects in 2014 and 2015. When 
collecting the required data, these number of evalautions and projects are found 
suitable and available for the further analysis, supporting the purpose of this 
research. The findings indicate that project superintendents favor late-stage 
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suppliers compared to early-stage suppliers in their evaluation process. That is, 
according to the statistical analysis, the perceived performance of suppliers in 
late stages is higher than in early stages (p < 0.01). Table 8 presents the findings 
in greater detail. For 9 of the 12 evaluation measures, superintendents’ scores 
of suppliers’ performance in the late phase are statistically significantly (p < 
0.05) higher than the scores of suppliers in the early project phase. The largest 
score difference between the phases relates to billing and payment terms in ac-
cordance with the agreement. 

Suppliers involved in the late phase of projects have a greater chance of being 
recommended for future purchases than those in the early phase. To illustrate 
this point, Figure 8 depicts supplier recommendations versus the quality of the 
product and service (QPS; left panel) and supplier recommendations versus 
compliance with the agreed-upon timetables (CAT; right panel). These two com-
parisons show that early suppliers received systematically lower recommenda-
tions for future purchases than late suppliers, even when they received the same 
evaluation scores for QPS and CAT. 

Table 8. Comparison of evaluation scores between early and late project phase (ordinal regres-
sion analysis; n = 1,374 evaluations). 

Supplier evaluation 
criteria 

Early phase 
(mean ± SD) 

Late phase 
(mean ± SD) 

Difference Significance 
(p-value) 

Attitude to occupational sa-
fety 

3.53 ± 0.91 3.75 ± 0.90  0.22 <.001* 

Cleanliness, order, and en-
vironmental considerations 

3.49 ± 0.88 3.74 ± 0.86 0.24 <.001* 

Compliance with safety 
instructions 

3.54 ± 0.91 3.77 ± 0.90 0.23 <.001* 

Actions to promote safety 3.21 ± 0.86 3.41 ± 0.95 0.20 .001* 

Supervisor’s expertise and 
availability 

3.85 ± 0.95 3.92 ± 0.95 0.08 .150 

Compliance with the 
agreed-upon timetables 

3.78 ± 1.09 3.91 ± 1.01 0.13 .061 

Additional claims related to 
the contract 

4.01 ± 0.96 4.20 ± 0.91 0.19 <.001* 

Billing and payment terms 
in accordance with the 
agreement 

4.00 ± 0.91 4.34 ± 0.76 0.33 <.001* 

Compliance with the agree-
ment 

3.97 ± 0.84 4.13 ± 0.80 0.16 <.001* 

Quality of the product 
and/or service 

3.80 ± 0.93 3.95 ± 0.89 0.16 .001* 

Development activity (style 
of collaboration, way of 
working) 

3.55 ± 0.94 3.65 ± 0.93 0.10 .106 

Corrective actions regard-
ing possible comments and 
complaints 

4.01 ± 1.05 4.21 ± 0.96 0.21 <.001* 

Supplier recommendation 
for the future purchasing 
(share of recommended) 

86.1 % 92.8 % 6.7 % <.001* 

*p < 0.05 
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Figure 8. Illustration of early and late evaluations (n = 1,374 evaluations).
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6. Discussion and conclusions 

This section discusses the key findings of the thesis. First, the key results of the 
sub-studies are presented. Next, the section outlines the contributions of the 
research to supplier evaluation and development in a construction context from 
theoretical and managerial standpoints. Finally, the limitations of the study are 
discussed, and recommendations for future research are provided. 

6.1 Summary and findings 

The main aim of this dissertation was to develop data-driven methods for sup-
plier evaluation and development in construction using performance evalua-
tions and purchase transaction data. Due to the lack of research in these areas, 
the current study aimed to support practitioners in improving their operations 
with the developed methods. To achieve this goal, not only are several analytical 
and conceptual techniques from different academic studies linked but also their 
capabilities are expanded upon in order to facilitate their application in the con-
struction context. This resulted in four research articles, each investigating one 
specific research problem. Table 9 provides a summary of the findings of these 
publications. 

Table 9. Summary of the results. 

Research ques-

tion 

Main findings Contribution to 

theory 

Managerial im-

plications 

I) What are the 
sources of change 
in a supplier pro-
ject environment, 
and how DEA can 
be used for sup-
plier evaluation 
in such settings? 
 

Changing operating 
environments can 
lead to different in-
put and/or output 
data profiles in sys-
tematic supplier 
evaluations. Given 
that, a framework 
is developed for 
supplier perfor-
mance analysis us-
ing DEA.  

Challenges facing 
supplier evalua-
tion in a project 
environment and 
possible solutions 
from the DEA lit-
erature are out-
lined.  

Using data from a 
real-world context, 
changes in project 
environments are 
illustrated. It is 
suggested that 
DEA be used as an 
analytical method-
ology for supplier 
analysis in con-
struction projects. 
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II) How can a con-
tractor objec-
tively categorize 
its suppliers to 
determine effec-
tive SD invest-
ments? 
 

The paucity of re-
search on the use 
of data-driven ana-
lytical methods for 
SD is identified. 
Three different ap-
proaches—RFMP, 
DEA, and the cus-
tomer pyramid—
are combined to 
generate a single 
objective model for 
more effective SD 
investment deci-
sions. 

The RFM method 
is extended from 
marketing to con-
struction, and its 
application is 
changed from cus-
tomer to supplier 
analysis. Further, 
DEA is used to 
overcome the sub-
jectivity with 
which weights are 
assigned to RFM 
variables. Moreo-
ver, the customer 
pyramid concept 
from the market-
ing literature is 
adopted for SD in 
the construction 
context. 

The RFM ap-
proach can provide 
useful and recent 
information on the 
supplier–buyer re-
lationship for pur-
chasing managers. 
They can adjust SD 
resource allocation 
among suppliers 
based on their 
RFMP scores. 

III) Do perfor-
mance decompo-
sition techniques 
and ROT repre-
sent appropriate 
mechanisms for 
facilitating struc-
tural changes in 
supply chains and 
subsequent per-
formance im-
provements? 

Suppliers are parti-
tioned into exiting, 
surviving, and en-
tering groups, and 
each group’s con-
tribution to overall 
supply chain per-
formance growth is 
examined. Produc-
tivity dynamics and 
ROT explain pur-
chasing realloca-
tion among differ-
ent supplier cate-
gories. Further-
more, structural 
changes enhance 
the case firm’s sup-
ply chain perfor-
mance over time. 

 

Productivity dy-
namics is theoreti-
cally linked to 
ROT, despite the 
fact that these are 
two different re-
search streams. In 
addition, the ap-
plicability of per-
formance decom-
position and ROT 
is extended to sup-
plier evaluation 
and development. 
Moreover, the lon-
gitudinal study de-
sign supports a 
more detailed un-
derstanding of 
suppliers’ perfor-
mance and firms’ 
purchasing in a 
project business 
environment.  

Supplier perfor-
mance decomposi-
tion and ROT can 
greatly help the 
company’s deci-
sion-makers to de-
fine superior, flexi-
ble purchasing al-
location mecha-
nisms associated 
with the developed 
approach. 

IV) Does a con-
tractor tend to fa-
vor suppliers in 
late project 
phases over those 
in early phases in 
its performance 
evaluations? 

Hypotheses about 
the impact of early 
and late project 
phases on the per-
ceived suppliers’ 
performance are 
tested and con-
firmed. The results 

The effect of pro-
ject phase on the 
perceived perfor-
mance of suppliers 
in construction 
projects is high-
lighted. 

The current sub-
jective evaluation 
measures can be 
complemented 
with objective 
measures to re-
duce the superin-
tendent’s bias in 
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show that compa-
nies favor late-
stage suppliers. 

supplier evaluation 
feedback. 

 

 
The first article (Article I) revealed the importance of acknowledging continu-

ous changes in construction project environments when evaluating a supplier. 
It identified various challenges that can hinder supplier evaluation in the con-
struction operating environment. Reviewing the literature on the construction 
supply chain, construction project characteristics, and DEA, the study suggested 
a framework for a supplier evaluation in changing operating environment with 
non-homogenous decision making units. This study outlines that, in a supplier 
performance evaluation, operating environment must be addressed as it varies 
according to construction projects’ characteristics, such as project delivery 
method, project type, size, location, and number and mix of suppliers. Other-
wise, a supplier may obtain a poor performance score only because of an unfa-
vorable environment. This study empirically illustrates that the way in which a 
supplier is moved from one project to another can impact supplier evaluation. 
For example, the construction projects acquired by a contractor are usually ge-
ographically dispersed and have different ownership structures, leading to dif-
ferent project priorities and client requirements. Project managers are respon-
sible for projects’ success from the contractor side, and they can make/influence 
decisions about purchasing from suppliers to optimize projects’ outcomes. They 
may treat a supplier differently based on the relative and changing importance 
of evaluation variables. In other words, the project manager can decide to em-
phasize some criteria over others in predefined, standard supplier evaluation 
framework. Accordingly, a supplier may obtain evaluation feedback on all the 
criteria for some projects and may not receive evaluation of some criteria in 
other projects. Thus, a changing project environment can result in non-homo-
geneity among DMUs in the efficiency evaluation process. 

The follow-up paper (Article II) underlined the value of prioritizing and cate-
gorizing suppliers for effective SD resource allocation. To categorize suppliers, 
an objective model is developed with three concepts from different research 
backgrounds: RFM, DEA, and the customer pyramid. Based on suppliers’ his-
torical transaction data with the company, the model categorized suppliers into 
four levels of the pyramid based on their development investment priority. The 
findings reveal that a large number of suppliers can be effectively categorized 
based on similarity in their RFMP scores, which are obtained from the DEA 
model. Categorizing a considerable number of suppliers can reduce the time and 
effort involved in recognizing the suppliers that should be treated in the same 
manner and increase the possibility of gaining a successful outcome from exe-
cuting an SD program. Building on the customer pyramid concept (Zeithaml et 
al. 2001), this study shows that SD designers can support the most valuable sup-
pliers with development investments for improvement. After addressing the 
suppliers in the top category, the company can move to the next category, and 
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so on. Therefore, taking the project-based structure of the case company’s trans-
actions with its suppliers into account, this study attempts to extend the appli-
cation of data-driven decision-making tools for SD initiatives in the construc-
tion sector. 

The third article (Article III) provided a new perspective on the supplier–
buyer relationship, focusing on suppliers’ performance and the buyer’s purchas-
ing volume over time. A construction company’s purchasing behavior was scru-
tinized in the context of productivity dynamics and ROT. The company’s sup-
pliers were divided into entering, surviving, and exiting groups, and it was 
demonstrated that these groups are equivalent to exercised, maintained, and 
abandoned options, respectively. Performance decomposition of these supplier 
groups revealed that the construction company’s overall supply chain perfor-
mance is improved through continuous alteration of its supplier networks. The 
findings show that the company’s supply chain experiences structural changes 
due to the exit of low-performing suppliers and entry of high-performing ones. 
As such, this study empirically illustrates that structural changes play a positive 
role in supply chain performance growth. On the other hand, due to the nature 
of construction projects with high uncertainty, the findings help to reduce the 
uncertainty of working with suppliers under ROT logic. That is, analyzing sup-
pliers’ performance over time can support the staging of purchasing decisions 
(i.e., scale up, scale down, or remain constant). Thus, this study presents one of 
the first systematic attempts at supply chain performance decomposition and 
ROT in the literature in general and the construction industry in particular. 

The final paper (Article IV) performed a detailed exploration of supplier eval-
uation throughout the project life cycle. It attempted to address how on-site sup-
plier evaluation by a superintendent might be affected by whether a supplier 
appeared in the early or late project phases. Testing the hypothesis revealed that 
superintendents may favor suppliers in late phases over those in early phases in 
evaluations. The findings further underline the need to incorporate objective 
evaluation measures into the current subjective supplier evaluation structure. 
In line with the findings of the second study, the findings of this study suggest 
that objective RFMP scores should be complemented by subjective performance 
evaluations. Hence, this study connects to the existing rich literature on the ten-
dency of subjective judgements to erroneous by using the construction context 
to study such problems. 

6.2 Theoretical contributions 

As discussed in the introduction, prior research on supplier evaluation and de-
velopment have paid little attention to the construction sector. The conducted 
studies mainly use small and cross-sectional datasets (see, e.g., Oliveira and 
Lourenço 2002; Alves et al. 2017). This is particularly true in long-term sup-
plier–buyer relationship analysis (e.g., Autry and Golicic, 2010; Gosling et al. 
2019). There could be different reasons for this phenomenon, such as a large 
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number of temporary project-based suppliers, a lack of access to data about sup-
pliers, uncertainty of the general contractor about future projects, and so on. 
Hence, this study extends current research on supplier evaluation and develop-
ment in the construction sector from several different perspectives. 

First, this study contributes to supplier evaluation in the construction sector 
by discussing DEA, a data-driven technique, as a way to improve construction 
SCM practice. In doing so, some of the challenges associated with adopting DEA 
for supplier evaluation due to the constant change in construction project envi-
ronments are addressed, and possible solutions from the literature are sug-
gested. Given that DEA is well-established and widely applied in diverse areas 
(see Ho et al. 2010; Lampe and Hilgers 2015), demonstrating its applicability to 
supplier evaluation in the construction business can be useful. Moreover, the 
lack of DEA usage in construction supply chain and its inherited flexibility for 
hybrid applications can be highlighted. Therefore, the study moves towards 
gaining a more understanding of DEA’s capability to be joined with RFM tech-
nique for supplier–buyer relationship investigation in construction context.  

Second, this research contributes to SD in construction by extending the RFM 
method from marketing to the construction literature and explicates its appli-
cation to supplier analysis. To improve the functionality of RFM in the context 
of construction, an extra measure—shared project (P)—is added to produce the 
RFMP scheme for supplier assessment. Data generated from RFMP enables this 
scheme to be combined with the DEA model. Studies on the use of analytical 
and multi-criteria decision-making techniques for SD are scarce (Friedl and 
Wagner 2016; Lima-Junior and Carpinetti 2016). Thus, joint application of 
RFMP and DEA, as analytical approaches, yields valuable insights. Highlighting 
the temporary nature of construction projects, this dissertation shows that us-
ing RFMP can support the case company in analyzing its relationship with sup-
pliers. That is, RFMP helps to quantify suppliers’ transaction history with the 
company (cf. Blattberg et al. 2008, p. 323; Zhang et al. 2015). Furthermore, with 
the latest objective transaction data, obtained RFMP scores can act as a guide-
line for the company to set transaction targets for suppliers it considers to be 
potential strategic partners. As a result, using RFMP can support decision-mak-
ers in devising short- and long-term strategies to find the most promising sup-
pliers for development investment. As the importance of suppliers’ transaction 
analysis becomes clear, further scrutiny of supplier–buyer relationships can 
provide insightful guidance to decision makers and purchasing managers. Thus, 
in the next step, this study sheds light on the dynamics of suppliers’ perfor-
mance and the firm’s purchasing reallocation over time.  

Third, this dissertation contributes to the literature on long-term supplier–
buyer relationships. Previous research called for further study of longitudinal 
supplier–buyer relationships (e.g., Autry and Golicic 2010; Wetzstein et al. 
2016). This study answers the call, investigating supplier performance and 
buyer purchasing behavior over time. In doing so, it takes insights from produc-
tivity dynamics and ROT literature and shows their potential benefits in the sup-
ply chain management context. These are two separate research streams in the 
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academic literature, and their joint use remains largely unexplored. Accord-
ingly, this research enables a better understanding of productivity dynamics and 
ROT implications for longitudinal analysis of supplier performance and pur-
chasing volume by the buying company. This is important because it enables the 
supply chain management literature to discuss the role of structural changes. A 
review of previous studies indicates that they mainly focused on surviving sup-
pliers, neglecting the effect of suppliers’ exit and entry on overall supply chain 
performance. However, the findings of this research demonstrate that buying 
companies should measure the impact of exiting and entering suppliers on their 
supply chains because they can use this information with performance decom-
position and ROT approaches to establish more effective supply chains and con-
tinuously improve their own performance. Hence, this study advances the sup-
ply chain management theory in general and in the construction sector in par-
ticular, by illustrating quantitatively the benefits of structural change in the 
buyer’s supply chain network. 

Another contribution of this study is related to supplier evaluation within the 
construction project lifecycle. Subjective supplier’s assessment is among the 
most popular data collection designs enabling to grasp supplier performance. 
This current study supports the earlier discussion on importance of understand-
ing context when using subjective evaluations and comparisons (e.g., Ariely 
2010, p. 7; Kahneman 2011, p. 282). The research delves into how evaluation 
grades might be affected by suppliers’ position in the project timeline. It builds 
on the view that construction companies are extra critical to keep cost, quality, 
time, and other predefined project specifications under control from the very 
early stages of the project (e.g., Chapman and Ward 2003, p. 7; Kolltveit and 
Grønhaug 2004). As such, the study helps to address possible bias in perceived 
supplier performance in the early and late project stages and, therefore, enhance 
the current knowledge about supplier evaluation across the construction project 
lifecycle. 

6.3 Managerial contributions 

Regular supplier evaluation and effective SD initiatives may be of practical im-
portance to construction companies, as they can help to improve companies’ 
overall supply chain performance. However, there is limited empirical evidence 
extending the concept of supplier evaluation and SD to the construction supply 
chain. Thus, this study empirically investigates such practices in the construc-
tion sector to uncover their benefits and possible challenges. The ideas dis-
cussed and applied in this study have several useful implications for purchasing 
managers and decision-makers in the construction supply chain. 

First, the construction company has to evaluate the performance of a supplier 
that participates in projects with different characteristics (e.g., project type, size, 
and location). Understanding a changing project environment can help to 
achieve balance between contractors’ expectations in terms of supplier perfor-
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mance and the degree of uncertainty and complexity in projects. It also may re-
duce pressure on a supplier that is supposed to attain the highest possible per-
formance scores for all its projects. In this study, due to the changing nature of 
construction project environments, the lack of data for supplier evaluation var-
iables in some projects should not be interpreted as a missing data problem 
when evaluating suppliers’ performance. 

Second, a construction company has to deal with a large number of suppliers 
with different characteristics, such as the costs of supplied materials or services, 
the applied level of technology, the scale of operations, and monopoly in the 
market. Categorizing a considerable number of suppliers can reduce the time 
and effort required to recognize the suppliers that should be treated in the same 
manner and increase the possibility of achieving a successful outcome from ex-
ecuting an SD program. This study suggested that categorizing suppliers based 
on similarities in RFMP scores obtained from the DEA model can support deci-
sion-makers in planning an SD program to prioritize and serve suppliers based 
on the objective measures. 

Third, to achieve a high-performance supply chain, it is essential for purchas-
ing decision-makers to perform rigorous and long-term supplier portfolio anal-
ysis. This can help their company form constructive relationships and recognize 
the performance and purchasing contributions of each supplier over time. The 
current study analyzed supplier performance and the buying company’s pur-
chasing volume over a four-year period. Its empirical investigation was carried 
out using productivity dynamics and ROT logics, which enabled explanation 
and quantification of structural changes in the supplier portfolio. The obtained 
results can greatly help the company’s decision-makers to establish superior 
performance and purchasing allocation mechanisms, helping lower the uncer-
tainty involved in the supplier–buyer relationship. 

Finally, as supplier evaluation provides valuable insights, it is important to 
consider the subjectivity of evaluations provided by superintendents in con-
struction projects. This helps to address the inherent shortcomings of qualita-
tive supplier evaluations. In doing so, this research focused on the connection 
between the timing of supplier evaluations during the project life cycle and per-
ceived supplier performance. Analysis of assigned supplier evaluations revealed 
that superintendents seem to be too cautious concerning suppliers’ perfor-
mance in early project phases compared to late phases. This argument sheds 
light on the role of uncertainty in supplier evaluations across the project lifecy-
cle in order to enhance the knowledge of decision-makers about supply chains. 

6.4 Limitations and suggestions for further studies 

This study is subject to several limitations, which reveal avenues for further re-
search. First, subjective evaluation of supplier performance based on 12 criteria 
might be cognitively challenging for superintendents in construction projects. A 
limited number of evaluation measures that are independent of each other (e.g., 
six criteria) might be more useful and informative (see, e.g., Kahneman 2011, p. 
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232). Similarly, the halo effect may be present in supplier evaluation (see 
Nisbett and Wilson 1977; Rosenzweig 2007). Relying on a few good perfor-
mance observations, a superintendent might tend to assign high ratings to other 
unchecked evaluation criteria. Hence, research should study ways to define ef-
fective number of evaluation criteria and mitigate the influence of the halo ef-
fect. 

Second, as suppliers’ operations are highly interdependent within construc-
tion projects, their frequency and joint appearance can be scrutinized for SD 
planning. Although this study did not perform suppliers’ interdependence anal-
ysis, it can greatly help to improve implementation of SD practices. In addition, 
an output of one former supplier can be considered an input of a later one 
(Fearne and Fowler 2006; Sun and Meng 2009). Thus, a delay in a supplier’s 
completion of a task can result in a domino or cascading effect on other suppli-
ers’ operations. The current literature emphasizes that suppliers’ performance 
is independent of that of other suppliers, without taking shared-value creation 
perspective into account (for further studies, see Matinheikki et al. 2016), in 
terms of resource prioritization for SD investments. However, the possible in-
fluence of suppliers’ performance on other suppliers due to the cost/benefit-
sharing nature of construction contracting mechanisms, such as the integrated 
project delivery method, should be examined. Future research can empirically 
investigate the overall performance of suppliers within a project in order to de-
termine the project’s success rate. 

Third, although this dissertation employed productivity dynamics and ROT to 
study the longitudinal supplier–buyer relationship (Publication III), important 
areas should still be addressed. For instance, the attention-based view (ABV) of 
firms emphasizes the importance of directing an organization’s limited atten-
tion to a specific set of issues and solutions (Ocasio 1997). Given the high rate 
of suppliers’ exit from and entry into the construction supply chain, according 
to the ABV, a firm should allocate its time and energy to developing relation-
ships with a particular set of suppliers in order to achieve a higher performance 
outcome for the supply chain. Such a theoretical lens can further extend the 
boundaries of supplier–buyer relationship analysis over time. 

Fourth, this dissertation utilizes evaluation feedback, which is subjectively 
given by superintendents to suppliers in different construction projects. Publi-
cation IV illustrated that superintendents’ perception of supplier performance 
might be affected by suppliers’ position in the project lifecycle. Given this, it 
would be instructive to incorporate some objective measures (e.g., hour, day) 
into the subjective supplier evaluation criteria. This could help to reduce possi-
ble biases in evaluations and enhance the reliability of data for knowledge ex-
traction by decision-makers. 

Lastly, digitalization is another area that can positively improve buyer-sup-
plier relationship. In the construction supply chain, highlighting the lack of sup-
pliers’ evaluation data in general and objective performance data in particular, 
digitalization can greatly facilitate supplier data collection. Examples could in-



Discussion and conclusions 

64 

clude real-time information sharing among different stakeholders and predic-
tive capabilities gained by supplier’s performance data (Calatayud et al., 2019; 
Hallikas et al. 2021). This information, for example, can provide a broader per-
spective for the buyer, monitoring performance of all suppliers working on site. 
More specifically, a real-time and detailed investigation of suppliers’ perfor-
mance can support predictive actions. In such settings, early signs of deterio-
ratoin in performance of suppliers can be detected and to avoid further drop in 
their performance. 
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