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Abstract 
In digital age in which a myriad of products is becoming 
connected through the Internet of Things (IoT), new business 
opportunities and challenges arise for organisations regardless 
of size and product/service offerings. The traits of digital 
technology and digital economy results in not only profound 
changes in the ways organisations create value and develop 
their IoT products and services, but also emergent and 
dynamic business models. It also opens new opportunities in 
terms of how organisations increase turnover, thus 
conventional theories and practices of how value is created in 
the design and development process is constantly being 
challenged. Although, academics and practitioners often 
critically debate these emergent opportunities and challenges 
to the adoption of the ‘Internet of Things’, there is a paucity 
of established academic theories and industry practices to 
support and re-think traditional processes of product design 
and development to meet current needs and potential 
commercial opportunities in the era of IoT. This paper will 
offer a critical examination on how design processes have 
evolved with regard to the differences in value creation 
between goods-dominant logic and the service-dominant logic 
in order to identify an emergent design process feasible for 
IoT product and service development. In addition, factors that 
affect value creation, and design and development process in 
the IoT are reviewed. It concludes by offering key insights 
and observations as to where design can contribute to value 
creation in the internet of things. 

1 Introduction 

In a global context, economies follow the path of long-term 
dynamic waves which is a theory devised by Nikolai 
Kondratieff in the beginning of the 20th century. A long wave 
lasts for 40-60 years, and consists of a period of rapid 
economic growth, followed by stagnation and or depression 
[1]. According to Kondratieff, each wave is fuelled by a 
specific set of technologies and societal practices, led by a set 

of key innovations. As these waves are historically repeating 
patterns, scholars [2, 3] now assume with some certainty that 
we are at the threshold, moving from the 5th wave into 6th 
wave leveraged by digitalization and the exponential rise of 
computational power-both legacies of the previous wave- that 
create circumstances for new products and services. As one of 
the results, the Internet of Things, which has become a new 
paradigm in which all objects around the world are connected 
to the network. Figure 1 illustrates modern economies 
fluctuation of Kondratieff’s timeline in a cycle of 40-60 years. 
 

 
Figure 1. Modern economies fluctuate in a cycle of 40-
60years. Rolling 10-years yields of the standard & Poors 500 
equity index and the Kondratieff’s waves [2] 
 

To anticipate and understand how design is able to contribute 
to value creation in the upcoming 6th Kondratieff wave, it is 
best to contrast it with its counterpart in the 5th Kondratieff 
wave, i.e., the evolution of economy, the way in which 
organisations create value, the role of design in value creation 
and, design and development process for value creation. What 
is needed in order to start towards an economic upturn is for 
industries to understand and prepare a completely new 
paradigm in organising economy and production [2]. As 
connected products have emerged and their capabilities have 
expanded, creating new arrangements of value beyond their 
primary function which of shift is changing the sources of 
value and discrimination to service, customer experience, and 
bringing forth entirely new business processes and models. 
To capture this enormous wave of value creation opportunity, 
practitioners should have an urgent commitment to reframe 
nearly everything, otherwise their business competitiveness 
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and sustainability might be at risk. However, despite 
numerous organizations recently considering extensions or 
revisions of their products and service portfolio by 
incorporating IoT components to attain competitive 
advantages for upcoming economic prosperity [4], achieving 
success in the market is challenging. Design as a tool or 
activity has often been neglected or been paid relatively little 
attention by management theorists, although all other business 
activities such as marketing, operations and finance have been 
critically examined [5]. 
 

Research recently conducted, underlining how the unique 
properties of digital technology enable new kinds of 
innovation processes that are evidently distinctive from the 
innovation processes in 20th century [6, 7], however there is a 
paucity of established academic theories and industry 
practices to support and re-think traditional processes of 
product design and development to meet current needs and 
potential commercial opportunities in the era of IoT. Select 
scholars [8, 9] from marketing and design argue that it is the 
time to rethink the research into new processes of product 
design and innovation for IoT. They specifically emphasise 
reframing design and development process for IoT because, 
as widely believed, there is a correlation between business 
success and the existence of a formalized design process [10] 
so that numerous emerging IoT organisations are able to have 
suitable process to support themselves in handling their 
digital innovation efforts.  
 

This paper offers initial results of the early stages of doctoral 
research, based on a comprehensive literature review of 
research about value creation, established design and 
development processes, and key factors affecting value 
creation in IoT in order to identify and debate how 
contemporary design process systems can be revised to 
embrace new market opportunities. It concludes by offering 
key insights and observations as to where design can 
contribute to value creation in the internet of things that 
embraces a user-centred philosophy of application, which 
could then enable academics and industry practitioners to 
further understand the process of designing IoT products and 
services. The following research questions will be both 
offered and critically debated:  
 

• What are the characteristics of design and development 
processes and value creation in the traditional push economy?  
• What factors affect organisations’ value creation activities 
in terms of design and development processes in the IoT era? 
• How and where can design drive value creation in the 
Internet of Things?  
 

In order to answer these questions, this paper commences 
with a review of how value is created within a value chain 
framework [11] and the role of designers and the design 
development process. It will then argue the significance and 
different models of design and development process in value 
creation. Models examined, include, ‘over the wall process, 
Stage-gate system’ [12], Rugby approach [13, 14], Double 
diamond design process [10], Johnson et al’s New service 
development process [15]. Before discussing a new approach 
toward design contribution to value creation for the IoT, a 

more complicated value creation model, the ‘value 
constellation model’ [16], has been reviewed which is 
arguably more appropriate than the traditional linear value 
creation model in the IoT era. The factors affecting design 
process and organisations’ activities relating to value creation 
will be examined. These include market change and digital 
technologies, such as S-D logic [17], Digital economy, the six 
dimensions of digital innovation [18]; Three dimensions of 
big data [19, 20]; New opportunities in digital age [6], and 
Three traits of innovations [7]. Finally, based on these 
discussions, the intrinsic attributes and factors affecting value 
creation through design and development process for IoT 
products and services are then offered. 

Methodology  

This doctoral research process commenced with an extensive 
examination of current literature and three exploratory 
interviews framing the value creation for IoT and digital 
orientated innovation. Due to the early stage of this doctoral 
research, exploratory interviews [21] were undertaken in 
order to develop ideas rather than to establish facts and 
statistics. However, it also underpinned the arguments found 
in a literature review on value creation in the IoT. Several 
interviews were conducted via semi-structured interviews 
lasting average 45 minutes, conducted between October and 
November 2017, with leading academics participating in the 
PETRAS project. In line with an exploratory approach, target 
interviewees were recruited for diversity in terms of their 
specialties (Digital urban system, Design informatics, and 
Computing and communication) in the sample rather than 
representativeness. Questions focused on topics about the 
value creations of IoT organisations, as well as the differences 
on business strategy between traditional manufacturers and 
IoT organisations. The term IoT organisations used in this 
study are referred to the organisations, running B2C business 
based on sensor embedded smart products, whilst having a 
payment system which is oriented toward services rather than 
physical goods. The interviews were recorded, transcribed 
and analysed for themes which were clustered into topics and 
then compared across interviews.  
 

In addition, books, articles and texts were broadly selected 
through searching electronic databases such as Business 
Source Complete, Wiley Online Library Journals, Springer 
Journals Archive, ProQuest Business Premium Collection and 
Google Scholar. Search terms used, included 1) 
“Kondratieff’s wave”, “Linear Value Creation System”, 
“Goods-Dominant Logic”, “Push Economy”, “Exchange 
Value”, 2) “Design Process”, “NPD (New Product 
Development)”, “NSD (New Service Development)”, 3) 
“Value Constellation”, “Service-Dominant Logic”, “Digital 
Economy”, “Value-in Use”, 4) “IoT (Internet of Things)”, 
“Digital innovation”, “Hybrid product and service”, and 
“Digital artefact”. These were then supplemented by a manual 
investigation of abstracts and articles published in the 
following journals – Marketing Theory, Review of Marketing 
Research, The Journal of Policy, Regulation and Strategy for 
Telecommunications, Proceedings of CHI, Organisation 
Science, Journal of Information Technology, Marketing and 
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Design Management, Journal of Marketing, and Harvard 
Business Review. Each text was critically examined for their 
relevance to the central themes or questions of study. 

2 Value Creation in the 5th Kondratieff Wave 

2.1 How is Value created in the 5th wave and the role of 
design?  

Innovation is viewed as the source of value creation in 
Schumpeter’s theory of economic development and new 
value creation through the process of technological change 
and innovation [22]. Therefore, many business operators 
focus on value creation both in the context of creating better 
value for customers purchasing its products and services, as 
well as for the organisations [23]. Current understanding of 
value creation is that which occurs through consumption 
interactions, such as, actions, processes and practices that 
occur in the use and experience of an offering in context [24]. 
However, the nature of value has been discussed and debated 
since Aristotle with various nuanced meanings [23] and, 
recently a shift from “value in exchange” to “value in use” 
has been made [25], which is a core transition from goods-
dominant logic to service-dominant logic [23, 26]. 
 

The notion of values are distinguished as follows [27]: in the 
notion of “value in exchange”, value is determined by the 
producer that is embedded in the operand resource (goods) 
and considered as the quantity of a substance that could be 
commensurable value of all things; whereas in “value in use”, 
the qualities with regard to value mean different things to 
different people so that they are inherently differentiated and 
heterogeneous and, value results from the beneficial 
application of operant resources sometimes transmitted 
through operand resources in which organisations can only 
make value propositions [27].  
 

Over the 5th Kondratieff Wave, in which the goods-dominant 
logic is widely accepted, based on the value-in-exchange [28], 
value is created (manufactured) by the company and 
distributed in the market, usually through exchange of goods 
and money [27]. The roles of “manufacturers” and 
“consumers” are distinct, and value creation is often regarded 
as a series of activities performed by the company [27]. 
Porter’s [11] value chain model analyzes primary activities 
for value creation at the firm level, which is a series of 
activities, includes three steps: 1) physical creation of the 
product, 2) its marketing and delivery to buyers, and 3) its 
support and servicing after sale.  
 

 
Figure 2. The value chain model adapted from Porter & 
Millar’s Value Chain [11] 
 

The value a company creates should exceed the cost of 
performing the activities for a business to be profitable, and 
one of the way to be more competitive in the market is to 
perform the activities in a way that leads to differentiation 
[29]. As seen obviously in this traditional linear value chain 
model, value is created beforehand without any co-creation 
contribution from customers [30] and organisations just push 
the products to the market which is also known as a push 
economy [31]. In order to add value at peak moments, which 
is the moment of the point of sale when a consumer pays for 
the product, the ability of designer has been vital property of a 
push economy [9], contributing to the primary activities for 
value creation. It is easy to find the value, according to certain 
parameters and their business model is relatively simple [31, 
32]. 
 

However, it is challenging for designers to create value 
through developing innovative products because, they are 
only able to access to limited information on existing needs in 
a reactive manner at a single point beyond its selling point 
[33, 9]. Therefore, what designers can do best was to 
anticipate and develop best-guessed goods, which secure a 
place on the shelves of shops, and to add values of the brand, 
a logo, improving type styling and colours to stamp a unique 
identity [9]. The product, after being sold, becomes obsolete 
over time, and consequently organisations are able to sell the 
next product and keep making profits [33]. Although with 
these limitations, it is believed that design process is a central 
to product and technological innovation, [5], which will in 
turn considerably add value to products [10] and lead to 
growth in sales and enable both the exploitation of new 
markets and the consolidation of existing ones [34].  

2.2 A Design and Development Process for Value Creation  

Despite numerous research efforts conducted since the 1950s, 
there is no single design and development model, which is 
agreed to provide a satisfactory description of the design 
process [35]. Over the past fifty years, not only design 
processes have progressed from tried and tested ways of 
problem solving and are constantly refined by the design 
practitioners applying them to ‘real’ client projects [36], but 
also, a number of factors have widened the designer’s horizon 
and working methods in design process [37]. By reviewing 
design and development process including highly cited design 
processes and NPD process models, such as Over the wall 
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process [38], a stage gate system [12], a rugby approach, a 
double diamond design process [10], a service design process 
[15], the paper will review the trajectory of progress of design 
and development process.  
 

Within manufacturing economies, design and development 
processes are close to conventional linear approaches such as 
‘over the wall process’ or ‘departmental-stage models’ which 
represent the early form of new product development model 
[38]. These are usually illustrated in the following way: 
marketing identifies the need and plan the concept; R&D 
provides the interesting technical ideas; design produces the 
concept design and prototype; manufacturing produces it; and 
sales take it to the market [37, 38]. This is accepted by large 
manufacturers in particular that the insular departmental view 
of the process hinders developing products; the problems and 
solutions were transferred from one department to another, 
increasing time and cost of product development [37]. 
 

 
Figure 3. Over the wall process [39]  
 

Decision stage models illustrate the new product development 
process as a series of decisions that need to be made in order 
to progress the project [40]. These types of models are 
popularized by Cooper [41] who developed a variant stage-
gate new product development processes. The one of the 
commonalities of these processes is that the whole team at 
various stages throughout the NPD process gathers around to 
review and approve movement to the next stage [37]. 
However, these linear models are considered too prescriptive 
and mechanistic, slowing down the process, so failing to take 
into account overlaps of activities that will occur naturally in 
the workplace [42]. 
 

 
Figure 4. A Stage-Gate System [12] 
 

Base upon the idea to considering the project as a whole 
rather than the singular stages [38], different approaches have 
emerged which are deemed as ‘simultaneous approach’ or 
‘rugby approach’ such as parallel processing models [13], 
Concurrent Engineering [43], Activity-stage models 
(Crawford, 1997), multiple convergent model [44] and the 
Third-generation model [41]. Essentially, the key benefit of 
these development processes is to emphasise the need for a 
cross-functional approach [38] in which multidisciplinary 
teams working together from the beginning of the process 

[37]. This not only increased the speed of the development 
process but also enables it to be accompanied by new 
philosophies of design, such as market led design, 
implementing flexible manufacturing in order to respond to 
the flow of new information on customer demand and 
preferences, allowing products to be more tailored, adaptable 
and desirable to the customers [45].   

 
Figure 5. Sequential (A) vs. Overlapping (B and C) Phases of 
development [13] 
 

Design process does not illustrate the full scale of a new 
product development process, however whatever process 
model used for new product development, understanding how 
to manage the design process is crucial [5]. This matters more 
significantly among organisations because the organisations 
do not simply make use of design to add a little extra value at 
the end of new product development process but demand that 
their design teams participate every stage they can from initial 
idea to final recycling [10]. The Double diamond design 
process model has been created based on the understanding of 
the design process of eleven leading global organisations 
which are, such as what elements they involve, how these 
processes take a product or service from an idea through to 
implementation and launch [10]. It is founded that different 
designers manage the process of design in different ways, 
however there are striking similarities and shared approaches 
among the designers [10]. The design process is divided into 
four distinct phases, Discover, Define, Develop and Deliver, 
which mapped on the divergent and convergent stages of the 
design process, showing the different modes of thinking that 
designers use [10]. 
 

 
Figure 6. Double Diamond Design Process Model [10] 
 

As manufacturing economies in the late 20th centuries started 
to be replaced by service economies [46], service design 
process is considered eminent method to create value for 
customers in industry [30]. The rationale is the changeover in 
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focus, from product-orientation to understanding why 
customers buy a particular service (i.e., a focus on value 
creation) [30]. One of the representative service model is 
developed by Johnson, Menor, Chase, and Roth [15] which 
describes the NSD sequence, including 4 broad stages and 13 
tasks that must be conducted to launch a new service, and the 
components of the organisation that are involved within the 
process. 
 

 
Figure 7. New Service Development Process [15] 
 

Chesbrough’s [47] open innovation model is not presented as 
a model of design process per se; however, it has many 
commonalities with a generic design process. The open 
innovation approach emphasises the significance of having 
open mind for ideas and suggestions driven from outside a 
firm in relation to design and development activities [47]. 
This approach has been widely recognised due to a number of 
factors such as the reduction of the product life cycle, the 
aggregation of global competition and the rising costs of 
research and development [48]. 
 

 
 

Figure 8. Chesbrough’s Open Innovation Model. [47] 
 
As flexible product development is becoming important 
aspect in recent years, agile development method, which is 
for software development based on iterative and incremental 
process consists of a number of short development cycles, 
known as sprints, begins to attract interest from designers and 
developers of physical products [49, 50] who experienced the 
limitations and challenges of traditional design and 
development processes. It is argued that these ‘short cycles’ 
improve communication and coordination activities, speed to 

market and faster responses to changing customer 
requirements [51]. However, since the agile development 
method is for software development, some challenges for 
manufacturers adopting agile practices have been identified, 
i.e. a lack of scalability and a lack of management [52]. 
   

Figure 9. Agile Software Development adapted from Mistral 
[53] 
 

Summarising the evolution of design and development 
process, a number of factors are identified as changing the 
nature of the commercial design process and widening the 
designer’s working methods which are described as follows: 
Although, design processes are described as non-linear and 
iterative by devisors, the models illustrate linear process 
involving sequential phases, except service design 
development model [15] which is because one of the 
characteristics of services is intangibility, constantly being 
able to be revised and improved while being provided to 
customers; Secondly, the design and development process 
runs simultaneously, as the multidisciplinary teams start to 
work together from the beginning of the process which also 
brought it to be accompanied by market led design; Thirdly, 
as market conditions, customer expectations changed and 
marketing strategy evolved, recent approaches are more likely 
to work with customers, competitors and  suppliers, in order 
to find new strategic partners and establish comprehensive 
networks to have more value. Finally, in certain fields, such 
as electronics, hardware development is becoming more like 
software development with shorter and faster iterations, the 
sprint approach becomes more suitable within the design 
processes.  
 
Although the way of value creation and design process has 
evolved significantly over the 5th Kondratieff wave, they are 
regarded obsolete in 6th Kondratieff Wave, requiring entirely 
new approaches [6, 7, 18, 54]. This is because unlike the 
classical marketing paradigm in which organisations create 
value embedded in the products through linear value chain, 
push the products toward the market, then investigate the 
market in order to collect data about consumer needs for 
future products, creating products and services, and value for 
the IoT is affected by real-time data from sensors embedded 
in the products, traits of digital technologies [8], service 
dominant logic [55]. Therefore, the attention of this 
discussion focuses upon more details of the key factors that 
are influencing value creation and design process for IoT 
products and services and how they differentiate from 
existing design process. 
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3 Value Creation for Internet of Things in the 
6th Kondratieff Wave 

3.1 New approaches towards Value Creation for IoT  

There is a paucity of studies that focus upon new approaches 
towards value creation in the IoT. One such study is an 
information-driven value chain for IoT, which include four 
inputs as illustrated in Figure 10 [56]. Each of the four inputs 
undergo value addition through production/manufacture, 
processing, packaging, and distribution/marketing as an end 
product [54]. Although this value chain explicitly offers a 
sequence of value-generating activities, it lacks the emphasis 
of network-centric view in IoT business model. Organisations 
must collaborate with competitors and importantly, across 
industries [54]. Consequently, IoT organisations will no 
longer simply develop and push products through a linear 
value chain, but keep redefining and co-constructing values 
with users and networks through more complex ways [32, 
33]. 

 
Figure 10. Information-driven value chain for IoT [56] 
 

Reflecting this shift, the term value chain has now largely 
been superseded by a modified title – ‘value constellation’ 
[16] shown in Figure 11. Although it is not only applicable to 
the value creation in the IoT, since it describes the interplay 
between economic actors-suppliers, business partners, allies, 
customers- and resources in order to co-produce value [57, 
58], it is arguably more pertinent than the traditional linear 
value chain model in the IoT era. In a value constellation, the 
emphasis does not lie on the firm or the industry as it 
previously did in a linear value chain perspective, but on the 
value-creating system itself, within different actors and 
industries [59]. Value constellations appear dynamic in 
nature, hence various needs of the same consumer may bring 
about different value constellations, with the same need 
occurring in diverse consumer segments which may result in 
different value constellations, and even different occurrences 
of the same need in the same consumer may lead to different 
constellations at different times [60].  
 

 

 
Figure 11. A value constellation and the space of co-creation 
as described [9] 
 

There are factors related to the traits of digital innovation and 
technology that are associated with the shift of the value 
creation model in digital economy, which refers to an 
economy that is primarily based on digital technologies [61].  
• The characteristics of digital technologies [7]: the 

reprogrammability and homogenisation of data, and the 
self-referential nature of digital technology.  

• The dimensions of big data commonly referred to as the 
3Vs [19, 20, 62]: volume, velocity, and variety. 

• The six dimensions of digital innovation [7]: convergence, 
digital materiality, generativity, heterogeneity, locus of 
innovation, and pace. 

 

The factor influencing its dynamic nature arises from the 
reprogrammability, which refers to a digital device that is, 
functionally incomplete, reprogrammable, allowing the 
device to perform a wide array of functions [7]; the digital 
convergence, which refers to continuous integration of 
diverse and heterogeneous technologies through 
homogenization of data [7]. It causes open and flexible 
boundaries of smart products and ultimately enables users to 
materialize manifold affordances and to dynamically modify 
them to match their competences within environment, 
evolving all entities into providing a service [63, 25]. 
Consequently, regardless of product lifecycle, various needs 
and different value constellations spontaneously will occur so 
that managing customer relationships and key partnerships 
becomes significant strategic issues for IoT organisations 
[64]. 
As data enables organisations to acquire a massive volume of 
real-time information on customers’ experiences, IoT 
organisations are able to keep changing and creating value 
propositions. This is due to the dimensions of big data 
including volume, velocity and variety [19, 20, 62]. The 
analysed data is frequently interpreted as personalising 
propositions or personalising value, which might be 
considered, social, economic, or cultural value [31]. Thus, it 
could be argued that the value for IoT products and services is 
created by data [31, 32] and it can only be recognised when 
different applications, devices and stakeholders work together 
seamlessly across within different sectors, creating system-
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wide effects whilst enabling new capabilities and processes 
[65].  
 

The homogenisation of data and heterogeneity is also related 
to the value constellation approach that introduces a novel, 
multifaceted way to consider a given context, and a keen 
perception of the ecosystems, networks, and markets [9]. The 
homogenisation of data results in blurring the boundaries of 
products and industries, combining any digital contents with 
other digital data in order to deliver diverse services [7]. 
Similar to the homogenisation of data, the heterogeneity that 
refers to the integration of diverse forms of data, information, 
knowledge, and tools enables independent activities at 
different layers of digital service architecture [7]. Thus, this 
more complex model of value creation offers a distinctive 
opportunity for designers to work more closely across 
disciplines and customers groups and to consider beyond the 
artefact or service in order to understand how material and 
technical interventions play a role within a constellation [9]. 
 

Physical products can be designed to be interchangeable: 
often through an application interface which enables usage 
customization to respond to emergent contextual situations; or 
with a sensor that can shift the products physical function 
based on intelligence, as conceptualised in IoT, Hence, 
consumer needs and wants can be satisfied not only with 
physical offerings but with compounds of the physical and the 
digital, personalised with consumers’ own data [8]. The 
nature of combining digital technology with physical objects 
offers radical changes regarding value creation from business 
perspectives: different collaborations between partners of 
vastly different industries [55]; the reconfiguration of 
monetization strategies [8]; reframing of traditional processes 
of product design and development [8]; and rethinking of 
value-creating logics [54].  
 

The traits of digital innovation and technology influence the 
design and development process for IoT products and 
services. Consequently, IoT organisations need to have a 
robust approach toward IoT design process that are more 
strategically able to contribute to the value of products and 
services. Therefore, the attention of this discussion now 
focuses upon ‘how’ design can drive value creation in the 
Internet of Things. 

3.2 New approaches towards an IoT design process  

The model, (Figure 12) is a new approach towards designing 
IoT products and services, developed through combining 
existing design processes and New Product Development 
models that concentrate on underlying principles and related 
tools that must be taken into consideration when designing 
IoT products and services [37]. The process contains three 
distinct phases. The Discovery phase enables co-design and 
collaboration to uncover latent requirements and attributes 
crucial for user experience [37]. Secondly, the Define phase 
uses narratives, scenarios and fictions to visualise and test the 
design idea prior to the final Development phase, through 
which the products and services are created with users and 
lead adopters and implemented, with in use insight revealing 

emergent and new qualities that feed another cycle of 
discover, define and develop [37].  
 

 
Figure 12. A new process for designing IoT products and 
services [37] 
 

One of the most distinctive attributes distinct to the existing 
design and development processes is that this new approach is 
not in linear but it is a continuous and emergent process [37]. 
This is because digital components in IoT, dissimilar to 
tangible components, are able to modify subsidiary 
functionality, add supplemental functionality, or introduce 
entirely new functionality over the product lifecycle [6]. 
These distinct characteristics of digital technology and 
dimensions of digital innovation [7], which do not exist 
before, the scope, feature and value proposition of IoT 
products and services can continuously evolve even after 
being launched and while being used. Thus, design and 
development process for IoT has continuous and never-
ending process cycle, which indicates that value propositions 
through IoT products and services are able to keep evolving 
for enhanced customer experiences.     
The process contains a short cycle of discover, define and 
develop phases, which can be explained with pace, one of the 
attributes of digital innovation and the dimensions of big data, 
commonly referred to as the 3Vs: 1) volume, 2) velocity, and 
3) variety [19, 20, 62]. Due to the fact that the use of IT 
enables to reduce communication costs will result in 
increased speed of design processes. Moreover, as data 
enables organisations to collect an enormous amount of real-
time information on customers’ experience for current 
products, the pace of designing and improving the products 
and services should be shorter and faster. Data is not only 
changing design process but also the role of the designer(s). 
They no longer have to anticipate and develop generic 
products, with limited access to the data on customer needs as 
big data aids to acquire user and market information. 
 

Finally, the process has to become more complicated because 
unlike generating value in a linear value creation system, the 
spatial and temporal division between design, development, 
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production, and consumption of offerings are increasingly 
collapsing into the same space, especially with changeable 
offerings informed by data [8]. The generativity also 
influences the more complex design process. It refers to the 
way those actors, who were not directly involved in the 
original creation of a technology; begins to create devices, 
services, and contents which may not be consistent with the 
original purpose of the artefacts [66]. Moreover, due to the 
emergence of distributed innovations which is one of the 
primary attributes of innovation(s) associated with the locus 
of innovation [7], the control over value creation activities 
occur across organisations and value creation networks during 
the process of developing IoT products and services.  
 

IoT organisations are required to define and redefine value 
proposition, and value proposition must be flexibly changed, 
since they start to use real-time data which can personalise 
propositions or value which could be social, economic, and 
cultural [31, 32]. Design, in this context, should not be treated 
in isolation apart from business processes but it should be 
used more proactively throughout the value creation process 
[10]. Value in the IoT era is created through data [31] and the 
transformation of customer experiences, thus, design 
processes need to evolve in a way more focusing on the 
mediation of value across a value constellation [9] and 
through fluid, reconfigurable, engaging service offerings that 
afford meaningful experiences to the consumer. [67].  

4 Conclusions 

As a myriad of products become interconnected through the 
Internet of Things (IoT), new business opportunities and 
challenges arise for organisations regardless of size and 
product/service offerings. How to capitalize on the 
opportunities, shift from products toward services, and create 
digital based business value are questions of strategic 
significance for organisations. Organisations address 
questions such as “How should we implement IoT into our 
offerings?”, “Which innovation processes and design 
processes must be in place in order for business value to be 
realized?”, and “What types of value are created through the 
IoT?”. These critical questions are what IoT organisations 
need to keep in mind in order for their value proposition(s) to 
exceed customer demand. However, this seems not easy since 
physical objects, have mutated from static products into fluid, 
dynamically reconfigurable, engaging service offerings that 
can incorporate consumer customization [8]. 
 

The primary aim of this study is to examine how design 
processes have evolved with regard to the differences in value 
creation between the goods-dominant logic and the service-
dominant logic in order to identify an emergent design 
process feasible in IoT product and service development. 
Through examination of established literatures and a series of 
exploratory interviews, this paper provides attention to the 
primary research questions at large: 1) What are the 
characteristics of design and development process and value 
creation in the traditional push economy? 2) What factors 
affect organisations’ value creation activities in terms of 
design and development processes in the IoT era? Finally, 3) 

How and where can design drive value creation in the Internet 
of Things? 
 

The authors have argued that the ways of value creation and 
the role of design in the traditional push economy which are 
identified as organisations create value embedded in the 
products through linear value chain, push the products toward 
the market, then investigate the market in order to anticipate 
and develop next generic products. The role of designers to 
create value through design process is limited in terms of 
adding value of the brand, logo and styling, and challenging 
due to the limited information on existing needs. Then, the 
characteristics of design and development processes are 
identified as: established design and development processes 
illustrate linear process; simultaneous processing is regarded 
as one of the key factors for successful design process 
management; design process models are more likely to find 
new strategic partners and build comprehensive networks 
outside the company to have more value: design process 
becomes to have sprint approaches with shorter and faster 
iterations. However, existing design process models are 
regarded obsolete in order to create value in the IoT.  
 

Since the characteristics of digital technologies, the 
dimensions of big data, and the six dimensions of digital 
innovation affect the way of IoT organisations create value, 
value chain model has been superseded by value constellation 
model; which appears dynamic in nature; introduces a novel, 
multifaceted way to consider a given context, and a keen 
perception of the ecosystems, networks, and markets; and in 
which organisations are able to keep changing and creating 
value propositions. It is identified that the value for IoT 
products and services comes from data and it can only be 
recognised and created only when diverse applications, digital 
artefacts and stakeholders co-operate seamlessly across within 
different sectors and industries, creating system-wide effects. 
 

This paper refers to a new process for designing IoT products 
and services. This novel approach should be a continuous and 
emergent process, containing a faster pace and short cycle of 
discovery, definition and development phases. The role of 
design in the organisation could transcend both upstream and 
downstream activities in the product development process and 
even in the value creation constellation. Moreover, the 
activities to generate value during design and development 
process for IoT products and services should be occur and 
operate across organisations and value constellations. 
 

Although this study has explored issues related design and 
development process for the IoT there are some limitations 
that need to be taken into account through further research. 
Relying solely on a limited literature review in order to 
identify new approaches towards designing new IoT products 
and services where only a limited number of studies have 
been critically examined. Consequently, this paper has 
identified related and practical questions for further research: 
How IoT organisations effectively define and redefine value 
propositions under the value constellation system in practice. 
What is the role of designers in terms of generating values for 
IoT products and services within value constellation? Finally, 
is there a generic design process for IoT products and 
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services? If so, how and where could this emergent and fluid 
design process be both illustrated and implemented in order to 
drive value creation? With further research, organisations 
could clearly define and generate the distinctive customer 
value that they can offer across the value constellation eco-
system, thereby distributing the roles of design and designing 
across the constellation. 

Acknowledgements 

The authors gratefully acknowledge the contributions of 
Speed, C., Davis, N., and Smith, A. towards this research, 
advising the research with insightful interview. This work is 
supported by EPSRC under the PETRAS project. 

References 

[1]  Kondratieff, N. (1928/1984) ‘The Long Wave Cycle’ 
and ‘The Theses of N.D. Kondratieff’s Paper: Long 
Cycles in Economic Conditions’ in The Long Wave 
Cycle, New York: Richardson & Snyder, translated by 
Guy Daniels, p. 25-99 and 101-5, 137-8. In Louca, F. & 
Reijnders, J. (eds.) The Foundations of Long Wave 
Theory. Models and Methodology. Volume I. 
Cheltenham, UK: Edward Elger.  

[2]  Wilenius, M., & Kurki, S. (2012) Surfing the Sixth 
Wave: Exploring the next 40 years of global change. 
The Interim Report of The Project. Finland Futures 
Research Centre FFRC eBook 10.2012, Finland Futures 
Research Centre, Turun Yliopisto University of Turku, 
Dec. 2012 

[3]  Diamandies, P., & Kottler, S (2012) Abundance. The 
Future is Better than You Think. Free Press, New York. 

[4]  Gerpott, T., & May, S. (2016) Integration of Internet of 
Things components into a firm’s offering portfolio-a 
business development framework, The Journal of 
Policy, Regulation and Strategy for 
Telecommunications, Information and Media; Vol 18, 
No. 2 (2016): pp. 56-63 

[5]  Press, M., & Cooper, R. (2003) The Design Experience: 
The Role of Design and Designers in the Twenty-First 
Century, NY. USA, Ashgate Publishing., O., 
Mathiassen, L., & Svahn, F. (2014). Managing 
technological change in the digital age: The role of 
architectural frames. Journal of Information Technology, 
29(1), 27—43. [6]  A. B. Author, C. D. Author. “Title 
of the article”, The Journal, volume, pp. 110-120, 
(2000). 

[6]  Henfridsson, O., Mathiassen, L., & Svahn, F. (2014). 
Managing technological change in the digital age: The 
role of architectural frames. Journal of Information 
Technology, 29(1), 27-43.  

[7]  Yoo, Y., Boland, R., Lyytinen, K., & Majchzak A. 
(2012) Organizing for Innovation in the Digitized 
World, Organization Science 23(5):1398-1408. 
http://doi.org/10.1287.1120.0771 

[8]  Ng, C.L. I., & Wakenshaw, Y.L. S.  (2017) The Internet 
of Things: Review and Research Directions, 
International Journal of Research in Marketing, 
34(2017) 3-21, pp. 4-21 

[9]  Speed, C., & Maxwell, D. (2015) Designing Through 
Value Constellations. ACM Interactions Magazine, Sep-
Oct, 2015, pp. 39-43 

[10]  Design Council (2007) Eleven Lessons: Managing 
Design in Eleven Global Companies (Desk Research 
Report), 5th Nov, 2007. 

[11]  Porter. M., & Millar, V. (1985) How Information Gives 
you Competitive Advantage. Harvard Business Review. 
63(4): 149–160. 

[12]  Cooper, G. R. (1990). Stage-Gate Systems: A New Tool 
for Managing New Products, Business Horizons, May-
June 1990, pp.44-54 

[13]  Takeuchi, H., & Nonaka, I. (1986). The new Conduct 
Development Game, Harvard Business Review Jan/Feb: 
137-146. 

[14]  Crawford, C. M. (1997). New Products Management 
(5th Ed.). McGraw-Hill, Inc. 

[15]  Johnson, S. P., Menor, L. J., Chase, R. B., & Roth, A.V. 
(2000). A critical evaluation of the new services 
development process: integrating service innovation and 
service design, in Fitzsimmons, J.A. and Fitzsimmons, 
MJ. (Eds), New Service Development Creating 
Memorable Experiences, Thousand Oaks, CA: Sage 
Publications. 

[16]  Michel, S. (2009) Innovative Werkonstellationen. 
Handelszeitung. Available at: http://bit.ly/1PlCNAB 
[accessed Dec 29th, 2017]  

[17]  Schneider, B., & White, S. (2004) Service Quality: 
Research Perspectives. USA. Sage Publication, Inc.  

[18]  Yoo, Y., Lyytinen, K. J., Boland, R. J., Jr., & Berente, 
N. (2010, June 8). The next wave of digital innovation: 
Opportunities and challenges: A report on the research 
workshop ‘digital challenges in innovation research.’ 
Retrieved from http:// 
papers.ssrn.com/sol3/papers.cfm?abstract_id=1622170  

[19]  McAfee, A., and Brynjolfsson, E. (2012). Big data: The 
management revolution. Harvard Business Review 90 
(10): 60–68. 

[20]  Meta Group. (2001). 3D data management: Controlling 
data volume, velocity and variety. Gartner. Retrieved 
from http://blogs.gartner.com/doug-
laney/files/2012/01/ad949-3D-Data-Management-Con-
trolling-Data-Volume-Velocity-and-Variety.pdf. 

[21]  Oppenheim, A. (1992) Questionnaire Design, 
Interviewing and Attitude Measurement, London, 
Printer 

[22]  Schumpeter JA. 1934. The Theory of Economic 
Development: An Inquiry into Profits, Capital, Credit, 
Interest, and the Business Cycle. Harvard University 
Press: Cambridge, MA.  

[23]  Ng, I., and Smith, L. (2012) An Integrative Framework 
of Value, Review of Marketing Research, Special Issue 
Toward a Better Understanding of the Role of Value in 
Market and Marketing, 9, (2012),207–43. 



10 

[24]  Warde, A. (2005) Consumption and Theories of 
Practice, Journal of Consumer Culture. Vol 5 (2): 131-
153  

[25]  Vargo, S. L., & Lusch, R. F. (2008). Service-dominant 
logic: Continuing the evolution. Journal of the Academy 
of Marketing Science, 36, 1–10. 

[26]  Michel, S., Brown, S., & Gallan, A. (2008) An expanded 
and strategic view of discontinuous innovations: 
deploying a service-dominant logic. Journal of the 
Academy of Marketing Science (2008) 36: pp.54-66  

[27]  Vargo, S., Maglio, P., and Akaka, M. (2008) On Value 
and Value Co-creation: A Service Systems and Service 
Logic Perspective, European Management Journal 
26(3): 145–52.  

[28]  Vargo, S., & Morgan, F. (2005) An historical re-
examination of the nature of exchange: The service-
dominant perspective. Journal of Macromarketing, 
25(1), 42-53. 

[29]  Porter. M., & Millar, V. (1985) How Information Gives 
you Competitive Advantage. Harvard Business Review. 
63(4): 149–160.  

[30]  Andreassen, T., Kristensson, P., Lervik-Olsen, L., 
Parasuraman, A., McColl-Kennedy, J., Edvardsson, B., 
& Colurcio, M (2016) Linking service design to value 
creation and service research, Journal of Service 
Management, Vol.27 Issue: 1, pp. 21-29 

[31]  Speed, C. (2017) New Product Development, Business 
Process and Strategy in IoT. Interview by Boyeun lee, 
Skype, 21st Oct 2017. 

[32]  Davis, N. (2017) New Product Development, Business 
Process and Strategy in IoT. Interview by Boyeun Lee, 
in person, 24th Oct 2017.  

[33]  Hui, G. (2014) How the Internet of Things Changes 
Business Models, Harvard Business Review. 

[34]  HMSO (1995) Forging Ahead: White Paper on 
competitiveness, London: HMSO 

[35]  Bahrami, A., & Dagli, H. (1993) Models of design 
processes. In: Concurrent engineering: contemporary 
issues and modern design tools. Chapman and Hall. 

[36]  Best K, (2006) Design Management: Managing Design 
Strategy, Process and Implementation, AVA. 

[37]  Jacobs, N., & Cooper, R. (2018). Living in Digital 
Worlds: Designing the Digital Public Space. Routledge. 
In press. 

[38]  Trott, P. (2012) Innovation Management and New 
Product Development (5th Ed.). London: Person 
Education 

[39]  Walsh, V., Roy, R., Bruce, M., and Potter, S. (1992) 
Winning by Design: Technology Product Design and 
International Competitiveness. Oxford, UK: Blackwell. 

[40]  Cooper, R., & Kleinschmidt, E. (1993) Major New 
Products: What Distinguishes the Winners in the 
Chemical Industry? The Journal of Product Innovation 
Management. Vol 10, Issue 2, pp. 90-111. 

[41]  Cooper, G. R. (1994). Third Generation New Product 
Processes, Journal of Product Innovation Management, 
vol. 11, pp. 3-14 

[42]  Bruce, M., & Cooper, R. (2000). Creative Product 
Design: A practical guide to requirements capture 

management, London: John Wiley & Sons, LTD, 2000 
p11-15 

[43]  Pennell, P. J., Winner, I. R., Bertrand, E. H., & 
Slusarczuk, M. G. M. (1989) Concurrent engineering: 
An overview for Autotestcon, IEEE Automatic Testing 
Conference Proceedings, (pp.88-99). 

[44]  Baker, M., & Hart, S. (1999). Product Strategy and 
Management. Harlow: Financial Times Prentice Hall, 
Hernel Hempstead. 

[45]  Evans, B. (1985) Japanese-style management, product 
design and corporate strategy, Design Studies, 6(1), 25-
33 

[46]  Brown, S.W., Gustafsson, A., & Witell, L. (2009) 
Beyond products, Wall Street Journal, Vol. 253 No. 144, 
P. R7. 

[47]  Chesbrough, W. H. (2004). Open Innovation: Renewing 
Growth from Industrial R&D, 10th Annual Innovation 
Convergence, Minneapolis, Sep 27th, 2004 

[48]  Caputo, M., Lamberti, E., Cammarano, A., and 
Michelino, F. (2016). Exploring the impact of open 
innovation on firm performances, Management 
Decision, Vol 54, No. 7. 

[49]  Cooper, G. R. (2014). What’s next? After stage-gate. 
Research Technology Management, 57(1), 20–31. 

[50]  Ovesen, N., & Sommer, A. F. (2015). Scrum in the 
traditional development organisation: Adopting to the 
legacy. In Modelling and Management of Engineering 
Processes, Proceedings of the 3rd International 
Conference 2013, (pp. 87-99). Berlin: Springer-Verlag. 

[51]  Begel, A., & Nagappan, N. (2007). Usage and 
perceptions of agile software development in an 
industrial context: An exploratory study. (255-264). 
Washington, US: ESEM ’07: First International 
Symposium on Empirical Software Engineering and 
Measurement, DC: IEEE 

[52]  Cooper, G. R. (2017). We’ve Come a Long Way Baby, 
Journal of Product Innovation Management, 2017; 
34(3):387-391 

[53] Mistral (2015) Agile in BI Projects-Introduction, 
Retrieved from 
http://www.mistralbs.com/blog/i/173/130/agile-in-bi-
projects-introduction [accessed Jan 6th, 2018] 

[54]  Chan, H. (2015) Internet of Things Business Models, 
Journal of Service Science and Management, 2015, 8, 
pp. 552-568 

[55]  Turber, S., Brocke, J.V., Gassmann, O. and Flesich, E. 
(2014) Designing Business Models in the Era of Internet 
of Things. 9th International Conference, DESRIST 
2014, Miami, 22-24 May 2014, 17-31. 
http://dx.doi.org/10.1007/978-3-319-06701-8_2 

[56]  Holler, J., Tsiatsis, V., Mulligan, C., Avesand, S., 
Karnouskos, S. & Boyle, D. (2014) From Machine-to-
Machine to the Internet of Things: Introduction to a New 
Age of Intelligence. Elsevier, Waltham. 

[57]  Lusch, R. F., & Vargo, S. L. (2006) The service-
dominant logic of marketing: Reactions, reflections, and 
refinements. Marketing Theory, 6(3), 281-288. 

[58]  Michel, S., Vargo, S., & Lusch, R. (2008) 
Reconfiguration of the conceptual landscape: A tribute 



11 

to the service logic of Richard Norman. Journal of the 
Academy of Marketing Science. (2008) 36:152-155 

[59]  Luxford, C. (2012) How “Value Chains” have become 
“Value Constellations”, AEGIS BLOG, 23rd Nov, 2012, 
Available at: https://www.aegisglobal.com/blog/how-
value-chains-have-become-value-constellations/ 
[Accessed Dec 22nd, 2017] 

[60]  Gordijn, J., Weigand, H., Reichert, M., & Wieringa, R. 
(2008) Towards Self-Configuration and Management of 
e-Service Provisioning in Dynamic Value 
Constellations. Proceedings of the 2008 ACM 
Symposium on Applied Computing. pp. 566-571. 

[61]  The British Computer Society. The Digital Economy. 
Available at: 
https://policy.bcs.org/sites/policy.bcs.org/files/digital%2
0economy%20Final%20version_0.pdf [Accessed Jan 
6th, 2017]  

[62]  Johnson, J., Friend, S., and Lee, H. (2017) Big Data 
Facilitation, Utilization, and Monetization: Exploring 
the 3Vs in a New Product Development Process, Journal 
of Product Innovation Management, 2017; 34(5):640-
458 

[63]  Ng, I. C. L. (2014). Creating new markets in the digital 
economy: Value and worth. Cambridge: Cambridge 
University Press.  

[64]  Dijkman, R. M., Sprencels, B., Peters, T., & Janssen, A. 
(2015) Business models for the Internet of Things, 
International Journal of Information Management, Vol. 
35, Issue 6, pp. 672-678 

[65]  Gunashekar, S., Spisak, A., Dean, K., Ryan, N., Lepetit, 
L., & Cornish, P. (2016) Accelerating the Internet of 
Things in the UK: Using Policy to Support Practice, 
RAND Europe, Mar, 2016. 

[66]  Zittrain, J. (2006) The generative internet. Harvard Law 
Review 119 1974-2040 

[67]  Withagen, R., de Poel, H. J., Araujo, D., & Pepping, G. 
(2012). Affordances can invite behaviour: 
Reconsidering the relationship between affordances and 
agency. New Ideas in Psychology, 30(2), 250–258. 

 
 
 
 
 

 


