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Abstract. The increasing interest in emerging markets drives the product 
development activities for emerging markets. As a first step, companies need to 

understand the specific design requirements of a new market when expanding into 

it. Requirements from external sources are particularly challenging to be defined in 
a new context. This paper focuses on understanding the design requirement 

sources at the requirement elicitation phase. It aims at proposing an improved 

design requirement source classification considering emerging markets and 
presenting current methods for eliciting requirement for each source. The 

applicability of these methods and their adaption for emerging market is discussed. 

Keywords. Design requirement source, emerging markets, classification 

Introduction 

Design requirement is commonly accepted as a description that defines what the 

product should do (not how to do) and set up the boundaries to product solution space 

[1]. Defining and expressing the design requirements is normally the initial step for a 

product development project. Design requirement identification is an iterative process 

which co-evolves with product development process. Deficiencies in requirements 

could lead to the waste time and money and even the failure of the project ([2] cited 

from [3]). Hence, it is important to define the requirements correctly from an early 

stage. Efforts have been devoted to descriptive research for understanding the practice, 

and prescriptive methods and theories development in terms of improving the quality 

of defined requirement set (specification) [4].  

Jiao and Chen [5] summarized a general requirement management process (Figure 

1), which included three phases: requirement elicitation, analysis, and specification. 

The outcome of each phase contributed to the functional requirements (product 

specification).  

Customer domain
Customer needs (CNs)

Requirement 
elicitation

Requirement 
analysis

Requirement 
specification

Functional domain 
Functional requirements (FRs)

 
Figure 1. Customer requirement management process [5] 

                                                           
1 Corresponding Author: Xuemeng LI, Building 426, Technical University of Denmark, 2800 Lyngby; 

E-mail: xuemli@dtu.dk 



 

 

In addition, the manufacturing industry’s interest in emerging markets has been 

increasing dramatically. However, it is recognized that emerging markets (e.g. India, 

China, and Brazil) have different social, cultural, political and economic context from 

those of western companies previously established markets (e.g. [6]). Globalising a 

successful product development to emerging markets acquires specific design 

requirements from the local market. The multicultural factors can be challenging for 

companies to elicit requirements especially from external sources which are grounded 

in the local context. It makes the elicitation and management of design requirements 

become more critical to the success level of product development [7]. However, the 

literature review revealed that only a few studies investigated the sources of design 

requirement. Most articles referred to some sources (e.g. customer and regulation) but 

not complete overview of all sources. Therefore, it highlights the need for the research 

to understand design requirement sources for this new context. 

This paper focuses on discussing the sources for eliciting design requirements. The 

goal is twofold. First, to propose a design requirement source classification which is 

based on a review of literature and improved with respect to emerging markets; second, 

to present current methods for eliciting requirements according to the classification. 

The applicability of current methods in emerging markets is briefly discussed and 

future studies are proposed. 

1. Design requirement source from literatures 

Design requirements concern complex constrains and conditions and call for 

comprehensive information from multiple sources. An overview of all the possible 

sources can contribute to the completeness of design requirement elicitation. In 

addition, the traceability of information sources enables the team to understand the 

reason for certain decisions ([8] cited from [9]).  

Sudin [10] identified a list of design requirement sources based on interview 

analysis, in which the sources were sorted into two groups: 

 Human: Client, end user, market analysis report, colleagues, the designers’ 

expected solution, designer’s own requirement. 

 Artefact: semi-developed specification, proposed solution, existing product, 

previous project, design guideline, user guidelines.  

Other studies also suggested colleagues, customer, document, other departments 

(i.e. sales department, marketing and manufacturing) ([11] cited from [10]), customer, 

user, supplier, written material (i.e. book, trade journal, technical manual) ([12] cited 

from [10]). 

Gershenson and Stauffer [13] proposed a taxonomy that clarified four different 

sources from which the requirement could be generated, i.e. end user, corporate (the 

producer itself), technical (mother nature) and regulatory requirements (society), see 

Figure 2. The taxonomy could guide the development of design requirement by 

gathering, analysing information about each category and transforming it into design 

requirements [14].  



 

 

 
Figure 2. Requirements cube showing the various types of requirements and how the information fits into the 

product definition process [13] 

2. Research method 

The paper took the design requirement taxonomy established by Gershenson and 

Stauffer [13, 15, 16] as a basis. The improvement in the proposed classification was 

addressed by synthesizing referred sources in recent publications. 48 papers have been 

published since the year 2000 on journals in engineering design field, including Design 

Studies, Research in Engineering Design, Journal of Engineering and Concurrent 

Engineering-Research and Applications etc. The review started with relevant papers 

from those and two design requirement reviews [4,5]. Important references in above 

papers were also included in the review. Information about where requirements come 

from when a company establishes or changes design requirements was labelled and 

grouped in affinity diagram.  

The presented requirements elicitation methods were selected based on the two 

reviews or from influential engineering design books (e.g. [17] and [18]). 

3. Design requirement source classification 

A new context of emerging markets can affect requirements. When eliciting design 

requirements, the project team interacts with many factors (e.g. stakeholders and 

documents) frequently both from the internal company mechanism and external 

environment in order to collect a thorough set of requirements. The quality of 

information that comes from the external sources is particularly challenging to be 

controlled due to the evident cultural, linguistic, and geographic barriers in emerging 

markets. Thus, it differentiates the design requirements for emerging markets from that 

in western context when its internal mechanism is assumed to be relatively stable.  

From the review a model (Figure 3) is proposed describing the relationship 

between the company frame (internal/external) and three main factors (i.e. Corporate, 

Technology, and Society/Environment) that influence design requirements.  

 Corporate: the company itself. It concerns the company’s organisational structure, 

strategic vision and available resources etc. 



 

 

 Technology: as defined by Gershenson and Stauffer [13], technology presents the 

knowledge of e.g. engineering principles, material properties and physical laws. 

These are regarded as an internal factor because the technical requirements make 

sense when relevant knowledge was known to the company. 

 Society/Environment: all considerations of social and environmental aspects that 

out of the company’s frame e.g. end users, infrastructures, and regulations. It is the 

most complex factor and could be extended to several subcategories. 

 

Corporate

Society/
Environment

Technology

Internal Internal 

ExternalExternal

Design 
requirements

? ? ...

 
Figure 3. What influence design requirements? 

It should be noticed that the distinction between internal and external is not 

absolute and static; instead it is relative and dynamic. For example, production may be 

internal or external depending on the company structure. The requirements from 

different sources are not isolated but interconnected with each other. The resources 

flow constantly between the internal mechanism and external environment e.g. a 

company could recruit new employees and cooperate with organisations to gain new 

knowledge. 

Based on this, a classification of design requirement sources is proposed with 

seven categories: corporate, technology, user, market competition, regional 

infrastructure, organizational infrastructure, and regulation. Table 1 displays the 

categories and examples found in literatures. The seven categories are explained in the 

following sections with brief presentation on methods used to elicit requirements. 

3.1. Corporate 

Requirements generated from the corporate category form the company’s space for 

creating product solutions. The corporate category describes internal factors within a 

company. It concerns both the people and activities in the company, for example 

departments, individuals (e.g. designers [10,22,23]), strategies and documental 

guidelines [10]. The corporate requirements were prioritised after safety issues and 

statutory regulations and customer product requirements by Lee and Thornton [21]. 



 

 

When entering emerging markets, the corporate is assumed to stay the same in different 

context unless the globalisation has an impact on its organizational structure. 

Two aspects from this category have been frequently mentioned, namely platform 

requirements [27] and requirements from existing products [10,23]. Platform 

requirements (relevant research could be found in [19]) or portfolio management (e.g. 

[ 20 ]) outlines the strategic vision to develop the product. The requirements for 

developing a new product can be generated from the information accumulated from 

existing products [23]. 

Table 1. Design requirement sources classification 

Category Term used in references 

(not all references were listed) 

Corporate Corporate [13, 21] 

Designer [10, 22, 23] 

Colleague[10] 

Guideline [10] 

Technology  Technical [13] 

New technology trend[23] 

Nature law [24] 

Society/ 

Environment 

User End user [10,13,25] 

Customer [21, 26,27,28] 

Client [10] 

Market competition Competitor situation [27] 

Marketing [10] 

Competition [23] 

Regional infrastructure Regional infrastructure [14, 29] 

Organisational infrastructure External stakeholder [3] 

Regulation  Regulatory[13] 

Regulation[14,21] 

Legal requirement[27] 

 

3.2. Technology 

The technology category consists of scientific and engineering knowledge, e.g. 

engineering principles, which can be disseminated through experience and books. 

These requirements keep more or less the same in different markets, which is closely 

related with the companies’ professional expertise and knowledge learning ability. 

3.3. User 

This category is defined to include both end user and customer/client, i.e. all relevant 

individuals who would buy or use the product. It is no doubt the most critical and most 

frequently mentioned source for design requirement (e.g. [26], [30] and [31]). User 

requirements are often ambiguous and contained most obscure and latent requirements 

to be investigated, which become even more challenging when entering a new market. 

Diverse culture and social identities shape the user habits and the way users think and 

understand the products differently. Additionally, in emerging markets, the mid- and 

lower end of the market is recognised as the most significant and dynamic [37].  

A number of methods have been used to study users, for example interviews 

[17,18, 32 ,], focus groups [17, 18, 32,], surveys [18, 32], observations [17, 32], 



 

 

brainstorm [18] scenario [33, 34], ethnographic studies [18], and customer complaints 

and warranty data [18]. 

User requirements should be weighed and prioritised to optimise the trade-off with 

requirements from other sources. The basic way was to rate each requirement [17] 

through calculating the importance based on collected data or scoring by users in new 

surveys [32]. Maslow’s hierarchy (e.g. [35]) categorised human need into five levels: 

physiological needs, safety needs, love and belonging, esteem and self-actualization, 

which helped to define the target group in the markets. The higher level needs came up 

only if the lower level needs were fulfilled. Kano model illustrated three types of user 

needs [36], which had different prioritisations: 

 Must be need: is the basic criteria of a product. If not fulfilled, users would be 

extremely dissatified; if fulfilled, users’ satisfaction would not increase. 

 One-dimensional need: user satisfaction was proportional to the level of fulfillment. 

 Attractive need: once fulfilled, user satisfaction increased dramatically.  

3.4. Market competition 

This category defines requirements from the market. The competition with other 

competitors is one of the main concerns. It includes the perceptions gained from 

marketing [10] or marketer [23]. Analysing the competitor situation [27] is of particular 

importance in emerging markets. The competition could be even fiercer than the 

company’s home market because of the huge number of local fast followers [37] and 

the globalisation barriers.  

Benchmarking [38, 39, 40] was technique for gaining and maintaining competitive 

advantages. It enables the comparison and analysis of performance data between the 

new product and successful products in the market [41]. Functional decomposition 

supported the capture of the category, since it was more easily to design functional 

modular than a complete complex product [4]. Functional analysis system technique 

(FAST) diagram [ 42 ] supported the product function analysis by revealing its 

functionality as a hierarchy.  

3.5. Regional infrastructure 

Regional infrastructure concerns the infrastructures needed to support product in the 

local using context. In many occasions, the products need auxiliary facilities in order to 

work, which might be out of the company’s own service frame. For instance, many 

digital devices require Wi-Fi access and an electric car requires chargers installed, 

these need to be available in the infrastructure of the intended market. The regional 

infrastructure requirements are often considered as constraints to the product solution 

space.  

Only very few literature have been found about generating requirements from the 

regional infrastructure (e.g. [29] cited from [31]). One assumption to explain this is that 

regional infrastructures are normally touched upon in user requirement studies due to 

its influence on the way users behave and use the product. However, it is meaningful to 

separate it as a single category because of its geographic differences. Generally, the 

infrastructure in emerging markets is poorer than in western countries and has 

identified features depending on the context. For instance, in Chinese cities most 



 

 

people live in high-rises, so the fire extinguishing system should be designed able to 

reach the high floors. 

3.6. Organizational infrastructure 

This category separates the external part of the organization from the internal corporate 

structure. It together with the user category covers the external stakeholders [3]. It can 

include the suppliers, local distributors, external manufacturers (if needed) etc. The 

specific relevant players were depended on the company’s own case.  

Methodology of Organizing Specifications in Engineering (MOOSE) [13, 43] was 

supportive to the requirements extension for corporate and organizational infrastructure 

(in the methods, those two were not distinguished). It consisted of three levels of 

requirements: functional level (a functional group of the product lifecycle), task level 

(tasks that must be done to accomplish the functions), and attribute level (product 

attributes that effects tasks). By extending the three levels, a thorough list of 

requirements could be covered. 

3.7. Regulation 

The last category presents the regulations that made by government and authorised 

organizations. They are critically sensitive for product development and normally have 

to be fulfilled especially for certain fields such as health industry. Few methods were 

found to support regulatory requirements. According to Gershenson and Stauffer [16], 

the regulatory and technical requirements were less problematic for two reasons: 1) 

they were well documented and easy-access information; 2) they were context-

dependent.  

However, it could be discussed when think about emerging markets, especially for 

regulatory requirements. First, the information could be tough to find and understand 

due to the linguistic gaps and lack of knowledge about the local information channels. 

Second, it requires local network and lobbyist to negotiate on some flexible policies 

and rules, and get the local approvals. Third, it asks for more attention and awareness 

to protect the intelligent property in emerging markets. Hence, the more ‘context-

dependent’ sources might potentially lead to focused studies under certain specific 

contexts.  

4. Discussion 

The paper indicates a lack of knowledge in design requirement elicitation for emerging 

markets. As presented above, user requirements has been the centre of current design 

requirement studies, whereas few methods have been developed for eliciting 

requirements from other sources, e.g. regional infrastructure and regulation. 

Nevertheless, some of those requirement sources are particularly problematic and 

sensitive when developing product for emerging markets. 

In addition, the adaption and suitability of those methods require further 

discussions and studies. First, traditional requirement study takes a long time and a 

large number of resources. The main work is done before the development phase in 

product development process. It is particularly risky and not practical in emerging 

markets because the time of transition and poor protection of intelligent property, 



 

 

where companies can easily be dragged into the red-sea competition with local 

competitors. Hence, it is worthy to study on the dynamics and rapidity of design 

requirement elicitation along with product development process, e.g. the closed-loop of 

dynamic information flow among all stakeholders through the product’s life cycle. 

Second, unlike most western countries, one vital feature of emerging markets is the 

gigantic capacity, e.g. China, India, and Russia. The large database is suitable for 

quantitative studies and big data analysis. As described in most studies, the sample size 

is relatively small. However, in emerging markets, it might be possible to adapt those 

methods to a larger sample. Accordingly, supporting quantitatively analytic methods 

are requisite. Third, the cultural, social and linguistic differences and the geographical 

distance obstruct the collection and interpretation of design requirements. Methods are 

needed to bridge those gaps. 

5. Conclusions 

This paper reviews the source of design requirements and current methods used 

through a review of literature. The literature review identified a number of sources and 

methods. However, these were not tailored emerging markets. Therefore, a design 

requirement source classification with considerations on emerging markets is proposed. 

Relevant methods used for eliciting requirements from different sources are named and 

briefly presented. It suggests potential improvements and further development of 

design requirement for emerging markets. For future work, the proposed classification 

needed to be validated with industry. Studies are needed on design requirement 

methods generation, selection, and validation. 
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Abstract. Requirement management plays a crucial role in determining a 

successful engineering design project. The focus of current requirement research is 
on the development of requirement elicitation, analysis and formalization methods 

and tools. Moreover, the existing requirement research often pays attention to the 

fuzzy front end of product design process. In fact, there exists more needs for 
requirement knowledge at each stage of a product lifecycle and requirement also 

has its own lifecycle. However, the research in the field of engineering design lack 

of a framework to support requirement management from product lifecycle, and 
requirement and requirement management lifecycle views. This paper highlights 

the importance of requirement lifecycle management and aims at closing the 

requirement information loop in product lifecycle. Then, it addresses the 
requirement management in engineering design field with focusing on the 

dynamics nature and incomplete nature of requirements. Finally, a closed-loop 

based framework is proposed for requirement management in engineering design.  

Keywords. Requirement management, requirement lifecycle, closed-loop, 

engineering design  

Introduction 

Requirement management (RM) plays a key role in determining a successful product 

development [1], which is a wide research field involving marketing research, business 

studies, psychological studies, human factors, social factors, software engineering and 

artifact design [2]. Analysis the literature shows that requirement research is paid 

sufficient attention in the field of software engineering and information systems [3, 4]. 

Although, the importance of requirement management in engineering design has been 

widely acknowledged in design society [5-9], as pointed by Darlington and Culley [10], 

engineering design requirement is a relatively poorly researched area in design studies. 

Searching requirement research in prestigious design journals, such as Design Studies 

(6), Research in Engineering Design (3), Journal of Engineering Design (10), Artificial 

Intelligence for Engineering Design Analysis and Manufacturing(3), Computer-Aided 

Design(5), Journal of Mechanical design (0), Journal of Computing and Information 
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Science Engineering(4), Concurrent Engineering: Practice and Application (13) , and 

Advanced Engineering Informatics (4), verified that only 48 papers have been 

published since the year of 2000 (Note that the date for searching is March, 2014, and 

the search engine is ISI Web of Knowledge).  The research area of design requirements 

in the aforementioned design journals has developed some approaches and tools for 

requirement elicitation, requirement analysis, requirement management and for 

understanding the characteristics of requirement. However, from the requirement 

lifecycle and requirement management lifecycle view of points, to our knowledge, 

there still a lack of a closed-loop based approaches or tools for requirement 

management in relation to engineering design. This paper devotes effort to develop a 

closed-loop based framework for a better design requirement management. 

1. Literature review     

Due to its significance, considerable studies have been carried out on requirement 

management in engineering design community (e.g., [5, 7-9]). Due to limited space, 

only several typical related research works are briefly reviewed as follows. More 

complete reviews on requirement in the area of engineering design or product design 

can be found in the review papers presented by Darlington and Culley [10], and by Jiao 

and Chen [2].  

       Brace and Cheutet [11] defined a framework to develop a systematic approach. 

Based on the approach, they presented a model driven approach for deriving 

requirement. Zenun and Geilson [12] proposed a framework for completeness in 

requirement engineering and applied the framework in aircraft maintenance scenario. 

Robertson and Robertson [13] gave a plenty of advice on techniques for eliciting 

requirement. Wang and Zeng [14] proposed a generic process for eliciting product 

requirement by asking questions based on linguistic analysis. A software prototype is 

also developed to support the proposed process. Cascini et al. [15] explored how to 

situate needs and requirements in Gero’s FBS [16, 17] framework. Xu et al. [18] 

developed an analytical Kano model to quantitative analyze and classify customer 

needs. Darlington and Culley [19] used an empirical study to investigate and model the 

influencing factors to design requirement. Liu et al. [20] proposed a scenario-based 

approach for the management of design requirement. Baxter et al. [21] developed a 

framework for the integration of design knowledge reuse and requirements 

management. This framework enables the application of requirements management as a 

dynamic process. Gershenson and Stauffer [22] developed a taxonomy for the 

classification of corporate requirements. Corporate requirements come from internal 

sources such as marketing, finance, manufacturing, and service that reflect the internal 

needs of corporate on product development. Rounds and Cooper [23] presented and 

applied taxonomies of environmental issues to the development of product design 

requirement.  

       By integration of the requirement classification works by Ullman [9] and Salonen 

et al. [24], requirement can be classified into: 1) functional performance requirement; 2) 

human factor requirement; 3) physical requirement; 4) reliability and feasibility related 

requirement; 5) lifecycle concern requirement; 6) resource concern requirement; 7) 

manufacturing and assembly requirement; 8) installation and use related requirement; 9) 

service related requirement; and 10) economical and technical related requirement.  



       In fact, the above ten classes of requirements can be reclassified into three 

categories based on a product lifecycle view: 1) BOL (Begin of Life, including 

planning, design, and production ) related requirement; 2) MOL (Middle of Life, 

including use, service and maintenance) related requirement; and 3) EOL (End of Life, 

including reuse, material reclamation and disposal) related requirement. In an analogy 

with the lifecycle of a product or a piece of knowledge, a piece of requirement also has 

its lifecycle. Therefore, it needs a lifecycle oriented framework the understanding and 

management of design requirement.  

2. Understanding design requirement 

A better understanding of design requirement is a precondition for the development of 

a feasible requirement management framework. From a research perspective, the focus 

of the most current design requirement research is on the design object related 

requirement. However, in the existing works in this field, there is still a lack of design 

requirement research with considering both design object and design process aspects. 

Moreover, there also rarely exists a requirement lifecycle oriented management 

framework. In order to contribute to the research in design requirement management, it 

is of first important to explore what design is, what design requirement is and the 

connection of design requirement with design and design knowledge themselves.  

2.1. Understanding design  

What is design? Many prestigious scholars in design community have discussed its 

definition (e.g. [6-7, 16]). As pointed by pioneer studies, “to design is to pull together 

something new or to arrange existing things in a new way to satisfy a recognized need 

of society” [7]. Hence, the word design can be either a noun or a verb. The verb form 

of design is designing (i.e., design process), which refers “to conceive or to form a plan 

for”.   The purpose of designing is to transform design requirement into a solution for 

production, BOL and EOL. The noun definition of design is also design itself (i.e., 

design object), which often refers to “the form, parts, or details of something according 

to a plan”. Both design and designing can be ontologically illustrated by Figure 1, as 

that presented by Gero et al. [17] and Ullman [9]. 

 
Figure 1. Design and design process 

       As shown in Figure 1, design object is about what the requirement (R), solution or 

structure (S), and behavior (B) should be; design process is about how designers fulfill 

the design activities of synthesis, analysis and evaluation for the transformation of 

requirement into a desired solution. Design process can be viewed as a series of 

decision nodes (see Figure 2). The decisions made on each node are based on its 

existing design knowledge and the gained new design knowledge; the design 



knowledge is classified into design object knowledge and design process knowledge by 

Hubka and Eder [25]. Design requirement is also a kind of design knowledge. In this 

regard, design requirement should also consist two parts, i.e., design object related 

requirement and design process related requirement. 

 
 Figure 2. Elements of a decision node 

Today’s engineering design especially the design of complex long service life 

product (e.g., air crafts, continuous casting machines, ships etc.), should both take the 

design stage and the after design stage into account, see Figure 3. In this circumstance, 

the design does arrange existing things or pull together something new in a new way to 

satisfy a recognized need of society and the whole product lifecycle, which requires 

more information flow or knowledge flow between different user groups and projects 

[26]. Therefore, today’s design requirement management is more complex than that 

have been explored in existing works. 
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Figure 3. Product lifecycle and closing the information loop 

2.2. Understanding design requirements 

In the engineering design field, the characteristics of design requirement are highly 

related to the nature of design or design knowledge itself. Based on the above 

understanding of design, it should be confirmed that design requirements can classified 

into (see Figure 4): 1) design object related requirement, and 2) design process related 

requirement. The classification of design requirement is similar to that of design 

knowledge by Hubka and Eder [25]. Figure 5 is an ontological framework for the 

representation of both design object and design process and also the design knowledge 

required for each design activity.  

 Design object related requirement 

It has been widely recognized that customer value, product quality, cost and etc., 

are all factors that can be improved by effective requirement management. In fact, 

these factors are all design object related requirement. In the front end of product 

development, it needs effort to better understand customer requirements. It is the start 

point of a business successful product, which named as “do the right thing”, see the 



right part of Figure 5. Detailed description of object related requirement can be found 

in engineering design texts (e.g., [5, 7, 8]). As mentioned by Dieter and Schmidt [7], in 

much of new product design, 40 percent are existing parts reused without modification, 

about 40 percent are existing parts used with minor modification, and only 20 percent 

of the parts are new. It can be concluded that most of information and knowledge are 

reused from previous design. For example, up to 70% of information is reused from 

previous solution in the case of variant design [27]. Therefore, in order to support the 

reuse of design knowledge in an efficient and effective manner, design object related 

requirements should be presented as a component of design object knowledge. It is 

another guarantee of a successful product, which improved the probability of “do the 

thing right”, see the left part of Figure 5. 

 

Figure 4. Design requirements 

 Design process related requirement 

As shown in Figure 2, designer is the key element of a decision node. Designers 

fulfill design activities to complete design tasks. A design activity can be characterized 

as a goal-oriented, constrained, decision-making, exploration, and learning activity that 

operates within a context that depends on the designer’s perception of the context [16]. 

As shown in Figure 2, in order to complete a design activity, a designer has the process 

related requirement for input information, know-how knowledge and also context 

knowledge. Effective process requirement management can improve the efficient and 

effective of design work. Therefore, the management of process related requirement 

should be paid sufficient attention.  

 

Figure 5. Design requirement (after Zhang et al. 2013) 

There may be too much characteristics of design requirements; the focus of this 

paper is on the following two natures of design requirements. 

 Incomplete nature of design requirements 

Design knowledge is incomplete [7, 28]. In analog with the nature of design 

knowledge, design requirement is also incomplete. The requirement development 

process is also an evolution process of requirement knowledge, i.e., the state of 



requirement knowledge will be changed from an initial high degree of incompleteness 

into a final considerably complete state. It should be note that, there will be no 

absolutely complete requirement knowledge. It is similar to that as a satisfied solution 

stated by Herbert Simon.  

 As shown in Figure 5, each concept (i.e. P, E, F, and C) in the figure can be viewed 

as a requirement knowledge set for product planning. At initial design stage, the set of 

requirement knowledge is incomplete and new requirement knowledge should be 

acquired to improve its degree of completeness. For example, a complete requirement 

knowledge set about a customer need and environment can be represented as P= (PG, 

PA, PO ) and E= (ES, EN, EL, EO) , respectively. PG stands for the goal, PA is used for 

describing the actions sequentially taken by a customer to achieve his goal, and PO 

explains the desired artifact described by a customer. ES represents the constraints from 

a social aspect (e.g. laws, regulations and culture). EN describes the constraints from a 

nature aspect (e.g. humidity and temperature). EL refers to the constraints from product 

lifecycle operations (e.g. transportation and maintenance). EO is used for describing the 

environmental entity, which is indispensable for an artifact to work properly (e.g. 

gasoline is necessary for the operating of gasoline engines, charging pipes are 

necessary for e-cars). For example, in the beginning of a design, designers only have 

the requirements set of P’= (PG, ?, ? ), E’=(?,?,?,? ) to achieve his complete 

requirements knowledge sets P and E, the designers have to acquire the needed new 

requirement knowledge sets P*= (?, PA, PO ) and E*= (ES, EN, EL, EO ) to construct a 

complete requirement knowledge set.  

 Dynamics nature of design requirements 

According to the incomplete nature of design requirement knowledge, we know 

that the state of requirement knowledge is dynamic. The dynamics of requirement 

knowledge refers to the right requirement at the right time for the right participant. The 

dynamics nature means 1) the evolution of design requirement knowledge from an 

incomplete state into a complete one, 2) changing the form of design requirement 

knowledge from one into another (i.e. from informal to formal, from tacit into explicit), 

and 3) transferring design requirement knowledge from one decision node to another. 

The dynamic nature of design requirement knowledge describes the state of 

requirement knowledge within a specific scenario. As have been explored by Dieter 

and Schmidt [7], a good design should consider 1) achievement of performance 

requirement, 2) life-cycle issues, and 3) social and regulatory issues. All the three 

considerations may be a scenario which drives the evolution of design requirement 

knowledge from an initial incomplete state to a desired state. The environment refers to 

the inner or outer factors which influence a design. It should be remember that 

requirement knowledge is a dynamic resource, which is constantly changing.  

Therefore, a novel requirement management framework is necessary for guiding 

designers to understand the change of requirement knowledge and reuse design 

knowledge the design process.  



3. Framework development 

The proposed framework aiming at managing design requirement (includes both design 

object and design process requirements) taken the nature of design requirement into 

consideration. Due to the social, technical and cognitive characteristic of design, the 

attentions to social and cognitive issues are also of prominent important to requirement 

management, but it is out of the scope of this paper. The focus of RM is on the 

technical characteristics of design, i.e., the development of technical framework of RM    

3.1. The closed-loop requirement management concept 

According to the affordance-based relational design theory [29], customer, actor and 

product should provide affordable requirement information between each other.  

Therefore, a closed-loop [30] requirement management will allow the actors (i.e. 

designer, manager, production, service, maintenance, recycler engineers, etc.) who play 

roles during the lifecycle of a product development to elicit, analysis, transfer, manage 

and utilize requirement information at any stage of its lifecycle (i.e., design, production, 

MOL and EOL) without limitation to time and place. Figure 6 shows the closed-loop 

requirement management (RM) concept. The concept requires a RM system to support 

closing the information loop in product lifecycle and in the actor networks (customer, 

product, designer). 
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Figure 6. The closed-loop requirement management concept 

 

As shown in Figure 6, the main elements of the closed-loop RM concept are: 

 RM system to support the capture, modeling, retrieval, reuse and update of 

requirement information 

 Knowledge flows (includes data and information) to support decision making 

of each actors (includes customers) 

 Scenarios for the understanding of requirement to different actors. 

According to the above concept of closed-loop RM, the main functions of the 

concept are:   

 Closing the information loop in product lifecycle, aiming at gaining a better 

performance of transfer, sharing, application and reusing of requirements  



 Closing the requirement lifecycle, aiming at improve the degree of 

completeness of requirement knowledge and the performance of RM. 

3.2. Closed-loop requirement management framework 

Figure 7 illustrates a diagram of the RM framework. The basic units of this framework 

are the requirement elicitation (RE), requirement analysis (RA), and requirement 

transfer (RT), requirement application (AAP) and requirement management system 

(RMS). The extended FBS framework (see Figure 1 and 5) can be employed to discuss 

the above units.     

 

 
Figure 7. The closed-loop RM framework 

 Requirement elicitation 

      The process of RE can be represented in a clearly defined structure as:  

       [Data Source]→[R  Capture Methods]→[R Data] 

      The function of RE is to capture raw data from several data sources, e.g., customer 

voice, social voice, technical voice, economical voice, designer voice and product data, 

etc. these data sources can be categorized into: customer, society, corporate and     

product, and supporting facilities related requirement data.  

      The methods and tools (e.g., interview, observation, brainstorm, questionnaire, 

benchmarking etc.) for the capture of requirement data have been given sufficient 

attention in literature. It will not be discussed here. The focus of RE is on the 

management the output of RE process and construct scenario for the shared 

understanding of requirement data.  

 Requirement analysis 

       The process of RA can be represented in a clearly defined structure as:  

       [R Data]→[R Methods]→[R Information] 

       Kano model [18] and QFD method [31] are widely used for the translation of 

requirement data into requirement information. The outputs of RA are function 

requirement, constraint requirement and actors’ knowledge requirements.  

 Requirement transfer 

       The process of RA can be represented in a clearly defined structure as:  

       [R Information]→[R Transfer Methods]→[Formal or Structure R] 

        The function of RT is to provide actors with an easier way to retrieval and 

understand the content of requirements. A scenario-based approach [20] can be 

employed to represent requirement in a formal way and thus to assist RT. 



 Requirement application 

       The process of RAP can be represented in a clearly defined structure as:  

       [R Information]→[R Interpret Methods]→[ R Knowledge] 

        The function of RAP is to provide actors with requirement knowledge to drive 

effective decision makings. The SBF and 5W1H (i.e., who at where and when, why and 

how to do what) framework can be employ to assist requirement management for 

application. 

 Requirement management system 

       A RM system will provide affordable functions to manage the elicitation, analysis, 

transfer and application processes and the information or knowledge created in these 

processes. All the requirement related activities in a corporate should be record in the 

RM system.  

4. Conclusions and future work 

The objectives of this study are to highlight the importance of requirement lifecycle 

management and closing the requirement information loop in a product lifecycle. We 

address the requirement management in engineering design field with focusing on the 

dynamics nature and incomplete nature of requirements. The two natures explores that 

there is a need of a lifecycle oriented approach for requirement management, i.e., 

requirement and requirement management lifecycle, and embedded requirement into 

product lifecycle. In analogy with design knowledge, two types of requirement (design 

object related requirement, and design process related requirement) are recognized. The 

concept of closed-loop requirement management is then proposed with emphasizing 

consumer, product, actor and context as key elements. Furthermore, a closed-loop 

based framework was proposed to provide affordable functions for actors to manage 

requirement lifecycle information.   

Further work needs to be done for a better understanding of design requirement, 

and the requirement information loops should also be identified in industry using deep 

case studies. The benefit and weakness of the proposed framework should be assessed 

and improved. 
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1 INTRODUCTION 

Often product development processes, in the market-pull cases, start with identifying the needs or 

problems that the product is expected to satisfy or solve. The initial needs and problems should be 

formulated into abstract, unambiguous, traceable and validatable design requirements (Brace and 

Cheutet, 2012). Design requirements coordinate the diverse desires in the end product and provide the 

basis of synthesizing a solution (Darlington and Culley, 2004). Various studies have been conducted in 

the engineering design field both descriptively to comprehend the design requirement practice, and 

prescriptively to improve practice through developing theories and methods etc. (Darlington and Culley, 

2002). Several procedures for developing design requirements have been proposed in literatures e.g. 

(Dieter and Schmidt, 2007; Pahl, et Al., 2007; Ulrich and Eppinger, 2011).  

Poorly identified design requirements can lead to inappropriate products (Hall, et al., 2002). 

Understanding the nature of design requirements and the sources, from where they can or should be 

generated, is critical to before developing methods and processes to support this process. Requirement 

Engineering research, originated from the software development field, highlights the traceability of 

design requirements e.g. (Grove, et al., 2005), which also implies the significance of recognizing design 

requirement sources. However, a clear view of the sources for eliciting design requirements is still 

lacking, especially in the engineering design field. Therefore, this paper intends to investigate potential 

design requirement sources and the contribution and challenges of each source. The research question 

investigates a way: how do design requirement sources contribute to the final design requirement set? 

The paper is structured as follows: Section 2 presents the relevant literatures. The research methods are 

given in Section 3. Section 4 and 5 displays the results from case studies and a survey study. Section 6 

discusses the findings and Section 7 concludes the paper.  

2 DESIGN REQUIREMENT TYPE AND SOURCE 

Design requirements are categorised in various ways. A common approach (especially in the software 

engineering field) is to differentiate them into functional requirements and non-functional requirements 

(Sommerville, 2011). Chen & Zeng (2006) grouped design requirements into eight levels: natural laws; 

social laws and regulations; technical limitation; cost, time and human resource; basic functions; 

extended functions; exception control level; and human-machine interface. Gershenson and Stauffer 

(1995, 1999) proposed a taxonomy containing four design requirement types indicating the origins of 

those problems, needs, and constrains: 

 End user requirement: users’ expectations of the product’s capabilities, aesthetics and usability; 

 Corporate requirement: business issues and product lifecycle issues; 

 Regulatory requirement: safety/health, environmental/ecological, disposal and/or political issues; 

 Technical requirement: engineering principles, material properties and physical law etc. 

This taxonomy was selected as the basic for this study due to its relevance to design requirement sources. 

Four sources were implied by the taxonomy, namely the end user, the product, the society and the 

science (Gershenson and Stauffer, 1999). It simplified, summarised, and represented the complicated 

design requirement sources with the four ultimate sources. However, the correspondence between the 

four design requirement types and sources can be dynamic and context-dependent. For instance, users 

as a source may contribute to both end user requirements, e.g. a user friendly interface, and technical 

requirements, e.g. a certain specific material; conversely, an end user requirement may be generated 

directly from several sources e.g. the user source or by analysing competitors’ products. Hence, mapping 

out the potential design requirement sources and their connections to design requirement types can 

contribute a better understanding of design requirement practice, and optimized methods application to 

different context, and hence improve the completeness and accuracy of the requirement identification.  

Several research studies use the term ‘stakeholders’ to refer to human sources for generating design 

requirements, e.g. customers, marketers, and designers (Brace and Cheutet, 2012). Sudin et al. (2010) 

proposed a way to categorise design requirement sources into two groups: 1) human sources, namely 

clients, end user, market analysis report, colleagues, the designers’ expected solution, and the designer’s 

own requirement; and 2) artefact sources, namely semi-developed specification, proposed solution, 

existing product, previous project, design guideline, user guidelines. This categorization recognises the 

non-human sources that are excluded in stakeholders. This recognition extends the information capture 
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boundary beyond a single project’s scope. For instance, the project team can learn from the existing 

products both from their own company and competitors (who are normally be excluded as stakeholders). 

Similarly, Wootton et al. (1997) separated the sources into individuals (e.g. customer, user or supplier), 

written materials (e.g. book, trade journal, or technical manual), and objects (e.g. competitors’ products), 

and suggested to differentiate the sources into internal and external sources.  

The authors’ previous research (Li, Zhang, & Ahmed-Kristensen, 2014) identified seven sources based 

upon literature study: corporate, technology, user, market competition, regional infrastructure, 

organizational infrastructure, and regulation. They distinguish the internal and external sources and 

highlight their market dependence, which can support companies to recognise and prepare for changes 

when developing for a new market.  

Thus, this paper aims to better understand the design requirement type and source, and to explore the 

interconnections between them through empirical studies, which indicates the path how each source 

contribute to the final design requirement sets The two concepts are clarified as: 

 Design requirement type categorise requirements, indicating who or what is calling for the 

requirements. 

 Design requirement source describes the requirement origin, from where the relevant information 

is captured. 

3 RESEARCH METHODS 

The research included both primary data from three case studies and secondary data from a survey study 

with 89 answers. The case studies were designed to gain an in-depth understanding of design 

requirement practice in the case companies through interviews and documentation analysis. Only part 

of the survey results relevant for this research is presented here. The following part of this section 

describes how the primary data was collected and analysed, whereas the detailed information about the 

survey can be found in (Li and Ahmed-Kristensen, 2015) and is summarised here. The survey contained 

28 questions and was sent to Danish companies. 131 answers from 17 large companies, 19 medium 

companies, 66 small companies, and 29 micro companies were collected. 89 answers provided an insight 

into the generation of design requirements in a western context, and 64 provided insights into both 

western context and emerging markets. The primary data were collected in three companies, one large 

company and two SMEs, referred hereafter as Company A, B and C. They were chosen for this study 

as they are all Danish companies which develop physical products and were interested in product 

development for emerging markets. The comparison provide an explorative understanding of the 

practice in Danish SMEs. In total, five semi-structured interviews were conducted with individuals with 

the knowledge and experience of design requirement in the companies. Each interview was around 90 

to 120 munities and they were all audio-recorded.  

Company A is a 13 years old large size company with over 500 employees. They develop medical 

devices for professional users. They do business all over the world while currently the biggest share 

comes from the United States and their second biggest market is China. Three interviews were done in 

this company with one product manager, one project manager, and one technologist (who has 

professional knowledge in the field). In addition, design requirement documents and system 

specifications for one specific project were included to support the analysis.  

Company B was founded in 2012 and has eight people including full-time, part-time employees and 

internships. They produce coating equipment for academic research use. Their customers are mostly in 

Europe but they are expanding to China and other emerging markets. The director (co-founder) from 

the company was interviewed. 

Company C is a micro size company (and can be described as a start-up) with three employees and three 

freelancers, and was started in 2012 and has. They design health care products for adults who are not 

able to take care of themselves, and sell to both healthcare systems and private users. Their first product 

was under development and planned to be ready for sale in 2015, which was mainly tested in Danish 

market. The company intends to develop for emerging market soon. The interview was conducted with 

their director (co-founder). In addition, their design requirement document was analysed. 

Each interviewee was asked to describe design requirement processes, sources, methods and challenges 

in general in their companies. They were required to order the importance of each source and estimate 

the contribution from each source to the final requirement set. For each case, the design requirement 

sources identified through the interviews and documents analysis were mapped together with their 
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contribution to the four types of design requirements proposed by Gershenson and Stauffer (1995). The 

mapping was done according to interviewees’ descriptions of the sources and their contribution. The 

map for company A was validated by the technologist.  

Table 1 Data overview 

Company Company 

age 

Number of 

employees 

Document Interviewee Years at the 

company 

A 13 > 500  1 design requirement 

1 system specification 

Product manager 2 

Project manager 11 

Technologist  12 

B 2 8 N/A Director  2 

C 2 6 1 design requirement Director  2 

4 DESIGN REQUIREMENT IDENTIFICATION: FROM WHERE TO WHAT? 

The analysis focused upon comprehending and demonstrating the design requirement types and sources, 

and the links in-between. This section presents the results from three case studies. For each case, the 

sources involved, methods applied, documents written and links to design requirement types are 

illustrated in one figure and explained in text. The various considerations from the interviewees are 

raised in the discussion.  

4.1 Company A 

Company A applied a standard and formal stage-gate product development process together with 

concepts from Agile Development. A product manager, a project manager and a technologist worked 

together to define requirements across projects. They formed a team referred to as the product owner in 

Agile. In this team, the technologist carried the main work of collecting requirements, especially user 

requirements. Figure 1 was drawn to demonstrate the design requirement sources, methods, types and 

documents in Company A integrating data from three interviews and two documents. 

 

Figure 1 Design requirement practice in Company A 
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Seven sources were involved in the company’s product development projects, including one internal 

source: 

 Management: requirements from this source were typically aligned with company strategies and 

policies. For instance, the management team required a distinctive design from the existing 

products for strategic reasons. It had an indirect contribution to regulatory requirements by 

deciding which market the product would be sold to. This source was normally involved from the 

beginning of the projects. All three interviewees agreed that this source had a small contribution to 

the final number of requirements but it was very influential especially for an internal driven project.  

Two mixed sources: 

 Employees and experts: this source included the in-house employees as well as the external experts 

who were in a close relationship with the company. It was described as the most vital source for 

design requirements. The product manager said roughly 50% of design requirements were from 

this source and the technologist stated that it together with competitor source could contribute to 

about 90% to 95% of design requirements. In addition to the in-house idea generation, the company 

organised focus groups to gather experienced people. They were mostly from the company 

although sometimes external experts were included. Furthermore, a checklist was used to guide the 

design requirement identification. This source contributed to the end user requirements and 

technical requirements by bringing their experience and understanding of users and the technology 

into the design, and could indirectly influence company’s strategies.  

 Sales and service: the source covered both internal company departments and external partners. 

Their knowledge contributed to design requirement through a feature request system. In addition, 

when doing business in an unfamiliar market, the external sales partners supported the company to 

identify and understand the local regulations.  

And four external sources: 

 Users: this source was crucial but with a small contribution in terms of the number of requirements. 

It was not just a source for capturing information but also used to validate identified requirements. 

The technologist grouped their users into three levels. The first-hand user (diagnostician) operated 

the products directly; the secondary user (physician) used the information from the audiologist; 

and third-level users (patient) received treatment according to the information. Neither secondary 

nor third-level users used the products directly but were influenced by the products. Generally, a 

technologist visited the first-hand user and collected information about other users through the 

first-hand users. Satisfaction survey were used to gather users’ opinion. In rare cases, professional 

users also requested specific technical requirements. 

 Competitors: as mentioned, competitors together with employees and experts were the two main 

sources for design requirements in Company A. Competitors could not be involved directly in the 

project as stakeholders, instead their products were monitored and analysed. The requirements 

captured from this source were often validated by users. Technical requirements can in some case 

be generated from competitors, for example the new technology was applied in their products.  

 Manufacturers and suppliers: this source mainly contributed to engineering considerations e.g. 

design for manufacturing. Both its importance and contribution were at a low level compared with 

other sources. This result was unexpected as literatures showed that manufacturing was the main 

cause for engineering change (Kanike and Ahmed, 2007). It indicated that manufacturing was not 

recognised as important as it would be in the design process. 

 Regulations: this source included regulations, rules and industry standards etc., which was 

particularly critical for medical products and had to be strictly followed. But in term of quantity, 

its contribution was small.  

In company A, the collected information would be first written into the design requirements then 

specified into the system specification. The project manager believed that the end user requirement were 

the core and formed about 75% of the design requirements. Regulatory and technical requirements were 

only briefly mentioned in the design requirements but clarified in system specifications, unless special 

issues were raised by other sources. The technologist viewed the users as the fundamental source for 

innovations. He gave an example that an innovative idea was initiated internally by the management 

team which turned out to be an unsuccessful product to the market.  

Two key challenges in design requirement identification were underlined in the interviews: 1) to be 

innovative and to take big steps instead of cutting off small corners; 2) to achieve an agreement among 

various stakeholders. 
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4.2 Company B 

Company B sold around 10 units per year and had 5-10 projects going on at the same time. It had two 

types of product development: customer-driven projects and internal-driven projects. For the former, 

design requirements were set at the very beginning within one or two months (for a one-year-project), 

while for the latter, the design requirement identification could be done in one week. The company did 

not apply formal development processes but consulted concepts from Agile Development. Two directors 

were in charge of the design requirement identification and their roles were not clearly distinguished.  

   

Figure 2 Design requirement practice in Company B 

As displayed in Figure 2, the design requirement practice map in Company B involved fewer factors 

than that in Company A. Four sources were pointed out, with one internal source: 

 Management and in house people: the management and in house people were not separated as two 

different sources because of their mixed roles in the small company. This source contributed to end 

user requirements by thinking around the table what the customer would want (known as designers 

being users approach) where the requirements were left board and open for customers to narrow 

down. They also contributed to corporate requirements by proposing company strategies. For 

instance, a distinctive colour scheme was required in order to make the products identical and eye-

catching. In addition, their engineering knowledge was a source for technical requirements. 

And three external ones: 

 Customers and users: the customers for the company were the organisations (universities) that 

bought the equipments and the users were the individuals (researchers) who run them. Customers 

had the biggest contribution to more than 60% of the design requirements. It was especially true 

when the projects were customer-driven, where the customers initiated the requirements. The 

information was collected through informal dialogues, e.g. emails and meetings. Occasionally, they 

had also chances to communicate with individual users and gain direct feedback.  

 Suppliers: in some projects, suppliers supported knowledge for finding out appropriate technical 

solutions, which was typically related to cost efficiency. 

 Regulations: regulations had a limited contribution to design requirements in this case. The 

company tried to minimise in certifications due to cost concerns. In addition, if the customer agreed 

to take the risks, some regulations would not be addressed.  
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The company run in a niche market, where very little direct competition was currently taking place. 

They occasionally were inspired by the very hi-tech competitors. However, no specific requirements 

were from this source due to the limited access to expensive competitive products.  

A key challenge emerging from the interview was to define a suitable cost strategy for supporting design 

requirements collection. As the customer driven approach, development started once an order was 

placed. Hence, an over quoted price might shut down the door in the beginning, whereas a low cost 

estimation would reduce the profit of the company. 

4.3 Company C 

Company C had not yet a product on market the development of the product was still under progress. 

Their process was informal and under improvement. The design requirements identification was carried 

out primarily by the director and sometimes involved student helpers. About half of the director’s 

working time had been spent on collecting requirement data since the project started. 

 

Figure 3 Design requirement practice in Company C 

Three main design requirement sources were indicated from the interview. Employees as a source was 

added to the map (Figure 3) as it was assumed that their knowledge at least would have indirect influence 

on the requirements. However, this was not recognized by the interviewee, and the contribution of this 

source was not clear. Hence, the three external sources are described here: 
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manufacturing issues. The comments they made on the design requirement document had a 

considerable contribution for the technical requirements (was indicated through document analysis). 

However, this contribution was not recognised by the interviewee. 

 Regulation: some regulations were mentioned to be followed. Nevertheless, they were not of high 

priority in development but more for preparation of expanding to other markets. 

This case displayed a strong user-driven project. A clear focus was on contacting and knowing all kinds 

of users and potential users. Data indicated very limited corporate requirements.  
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As a start-up, their approaches were explored through a learning process. As commented by the director: 

‘I didn't have an exact method when I started analysing the data. I used it in the process in order to get 

the right knowledge and information’. Consequently, one key challenge for them was to access to the 

right people and find the right way. 

5 DESIGN REQUIREMENT SOURCES: CONTRIBUTION AND DIFFICULTY 

This section presents the result from the survey study that implies a general understanding of the 

difficulty level of each design requirement source and its contribution to the final requirement set. In the 

survey, respondents were asked to rate the seven design requirement sources, which were defined from 

literatures (Li, Zhang, & Ahmed-Kristensen, 2014) following two questions: 

 How much do the following (sources) contribute to developing design requirements in your product 

development projects?  

 When developing products for the Danish market, how difficult is it to identify design requirements 

from the following considerations (sources)?  

The average score from 89 answers were calculated and illustrated. Figure 4 mapped out the seven 

sources according to their average scores for two dimensions: difficulty and contribution. Three sources: 

user, regulation and technology, were highlighted as having a big contribution and also high level of 

difficulty to act. Similar result was gained in the interviews for the user source and one reason was 

indicated as the complexity of the user groups. However, technology did not get much attention and 

regulations were not regarded as a challenge in the interviews. The market competition source in general 

contributed less than the other sources but was rated as the most difficult one. One explanation was the 

challenges to access to competitors’ products and information, which was implied by the interviews as 

well. For instance, Company B could not analyse competitive products due to the high cost of their 

products. The regional infrastructure was rated as the least difficult with also the least contribution. This 

was also consistent with the case studies, where the infrastructure did not gain much attention. Company 

A integrated infrastructure considerations with their sales and service; Company B left infrastructure 

issues to customers; and Company C did not separate it from the users. Hence, it can be argued whether 

it is more reasonable take infrastructure as a separated source or integrate it with other sources, e.g. user. 

 

Figure 4 The difficulty and contribution of design requirement sources 
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distinguishing the end user requirements and the user, as a requirement source including customer is 

necessary. The former designates a requirement set that can be attributed to the product users, while the 

latter, as an information source, provides insights into requirements. End user requirements are not 

necessarily solely from the user source. Among existing studies, end user requirements, also referred to 

as customer requirements, are commonly accepted as critical and crucial to the success of product 

development (Chen et al., 2003; Jiao and Chen, 2006; Morkos, et al., 2014). Its significance was verified 

both in the survey study and with the cases. In addition, the research shows that companies sometimes 

focus on end user requirements without recognising the other types. Quite a few studies on the end user 

requirement focus upon eliciting information from the user sources. Methods such as interview, focus 

group and survey have been frequently cited when approaching to users (Wood and Otto, 2000; Dieter 

and Schmidt, 2007). Nevertheless, the inputs to end user requirement from other sources are often 

omitted or neglected. In the research presented, the contribution to end user requirements from in house 

people and competitors is clearly revealed. In particular cases, those sources can contribute more than 

the user source to the end user requirements according to the product type and the project’s nature. This 

raises a need for acknowledging the requirement collection methods from different sources, e.g. 

benchmarking (Zairi and Leonard, 1996) and functional decomposition (Clarkson et al., 1999) for 

understanding requirements from competitors. 

Thirdly, the research illustrates the complexity of user sources for design requirements. In all three cases, 

the user source was described with subgroups. The extension can be vertical through a few levels of 

users and gather user information through one or more levels, or horizontal with several types of users 

and interaction required with each type. The extension shaped the way that company access users and 

the time and effort they spent on it. User identification is necessary for both access the right user group 

and to gain supplement user requirements from other sources.  

Therefore, the research raises two issues: the understanding of the product nature and project type, and 

the awareness of available resources. Design requirement identification is a context dependent process, 

knowing your own situation is the precondition to start. The product and project prioritise design 

requirement types and indicate their likely contributions. Awareness of the existence of different types 

of design requirements is meaningful, instead of only concentrating on user requirements. For instance, 

regulatory requirement may only contribute to a very limited part to the final requirements but it can be 

crucial dependent on the industry sector, e.g. medical devices. Moreover, mapping out the available 

resources both internal and external can support companies to find the links between design requirement 

sources and types. For example, large companies might have a rich internal source for experience and 

knowledge while small companies can take advantages of more external sources, such as partners and 

consultancies. Finally, effective methods need to be developed and applied appropriately to elicit 

requirement from different sources. 

7 LIMITATION 

One drawback of the study was the case selection. The three case companies were varied in size and 

business scale, which was clearly not enough to represent the whole picture of Danish manufacturing 

industry. It was in particular challenge of gathering data from small companies due to their tight agenda 

and strained resources. However, the study was intended to explore some patterns of design requirement 

practice in companies. The results should be validated and generalized with a larger sample. In addition, 

data from 89 companies collected in the survey supported the studies and confirmed part of the findings. 

8 CONCLUSION 

This research consisted of primary case studies in three Danish manufacturing companies (with five 

interviews and three documents.) and secondary data from a survey with 89 valid answers from the 

industry. The research clarified the definition of design requirement type and design requirement 

sources. In addition, it investigated the sources both from literatures and empirical studies. The 

requirement elicitation methods for each source employed in the companies were presented. The 

possible interconnections from sources to four types of requirements were explored in the three case 

presented. The research findings enriched the understanding of where and how design requirements can 

be identified. This knowledge can be used to support companies to focus their efforts on the right sources 

according to the specific context. From the obtained data, insights were gained, which indicated several 

possible design requirement sources and a few patterns of how company make use of the sources. More 



  ICED15 

cases should be involved in future studies to supplement the potential missing links and to generalise 

the result. The development of a design requirement source-type model together with supportive 

toolboxes is suggested as the next step for further research.  
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ABSTRACT 

The manufacturing industry’s interest in emerging 

markets has been increasing dramatically during the 

recent decades as their economy is growing. Western 

companies are making efforts to develop products for 

emerging markets but are also facing various 

challenges in the process of doing so. One major 

challenge is the identification of reliable and valuable 

design requirements. This study aims at investigating 

the influence of the emerging market context on the 

practice of identifying design requirements. A survey 

among Danish industry was conducted with 130 

responses collected. 92 answers provided an insight 

into design requirement identification in a western 

context, whereas 62 provided an insight into both 

emerging and western contexts. The results indicate 

the importance of design requirement identification 

when developing for emerging markets. Requirement 

elicitation and analysis are the most challenging 

phases in a design requirement identification process 

for both western and emerging markets. For Danish 

companies, identifying design requirements for 

emerging markets is more difficult than that for 

western markets, particularly when considering user 

needs, governmental regulations and organizational 

infrastructures. 

KEYWORDS 

Product development, design requirements, 

requirement identification, emerging markets, Danish 

industry 

1. INTRODUCTION 

In the past decades, western companies have 

increasingly turned their focus on emerging markets. 

This shift has had a considerable impact on the product 

development process as the emerging market context 

often demands changes in the way of working in a 

company. Emerging markets have different social, 

cultural, political and economic contexts when 

compared to western markets, which are known as 

developed markets or advanced markets [1]. These 

differences make it difficult for western companies to 

identify reliable and valuable requirements when 

developing for emerging markets, and challenge the 

direct applicability of the conventional practices that 

western companies use in their home markets.  

Several existing studies have addressed product 

development for emerging markets from various 

perspectives. For example, product development for 

the base of the pyramid (BoP) [2], frugal innovation 

[3] and Jugaad innovation [4] support companies to 

develop suitable products with restraint resources; and 

reverse innovation [5] focuses on bringing the 

knowledge developed in emerging markets back to 

western markets. In those studies, seizing the local 

market opportunities and understanding the local 

needs and distinctive requirements are highlighted. 

This awareness of the significance and challenge of 

understanding market needs and requirements 

indicates the importance of requirement identification 

when developing for emerging markets.  

From a product development perspective, discovering 

and identifying requirements are often the initial and 

critical steps of a product development process. 

mailto:s.ahmed-kristensen@imperial.ac.uk
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Design requirements coordinate diverse needs that 

originate from various sources, and form the basis for 

synthesizing a solution [6]. Deficiencies in the defined 

requirements can lead to the waste of resources and 

even to project failure [7]. Reliable and valuable 

requirements function as a tool to keep product 

development on track in terms of being able to guide 

and control that product development leads to the right 

products and effort is allocated to the right directions. 

They also function as an explicit reference for all 

stakeholders in a product development project in order 

to be able to negotiate, guide and check what a team 

should be developing all along the product 

development process.  

Most traditional methods and tools for identifying 

design requirements have been developed and tested 

in a western context. Facts show that how to handle 

the differences in identifying design requirements 

between emerging markets and western markets is still 

problematic for many companies. It is necessary to 

study the design requirement identification for the 

new context of emerging markets. Hence, this study 

aims at investigating how the context of emerging 

markets influences the practice of product 

development, particularly on design requirement 

identification in western companies. In order to do so, 

a survey study was conducted in the Danish industry. 

This paper is structured as follows: section 2 reviews 

the relevant literature. Section 3 describes the research 

approach. Section 4 presents the results and analysis. 

Section 5 discusses the findings. Section 6 concludes 

the paper and proposes for future studies. 

2. LITERATURE REVIEW 

This section presents the reviewed literature from two 

aspects: Section 2.1 introduces emerging markets 

from a product development perspective. A large 

portion of the investigations and discussions on 

emerging markets are in such fields as management, 

business, marketing and economics. Few studies have 

been found that address the issue from an engineering 

design perspective. Section 2.2 presents relevant 

literature on design requirement identification. 

Relevant studies from the engineering design field, as 

well as from requirement engineering in software 

engineering and system engineering are included. 

Finally, section 2.3 summarizes the gaps in the 

literature and specifies the research questions for this 

study.  

2.1. Characterising emerging markets 

According to Hoskisson et al. [8], Emerging markets 

are ‘low-income, rapid-growth countries using 

economic liberalization as their primary engine of 

growth’. They are distinguished from both developed 

markets and other developing countries with the 

characteristics of rapid economic growth, and 

achieved substantial industrialization and 

modernization [9]. For instance, the BRICS countries 

(Brazil, Russia, India, China and South Africa) are the 

most often recognized and mentioned emerging 

markets. Based on the literature, five characteristics of 

emerging markets that influence product development 

are identified. 

Growing potential and opportunities 

The fast economic growth distinguishes emerging 

markets from any other markets and enables them to 

stand out and attract increasing attention from the 

world’s industry [8, 10, 11]. The gross domestic 

product of emerging markets is estimated to 

permanently surpass that of all advanced markets by 

2035 [12]. 

Distinctive and heterogeneous markets 

In spite of the impressive growth, the income level in 

general in emerging markets is still much lower than 

that in developed countries [10, 13], which limits 

customers’ purchasing power and shapes their 

behaviours.  

In addition, users and customers in emerging markets 

may have complete different needs and interpretations 

of products compared to western customers, due to 

their cultural, social and economic background. The 

differences also exist within an emerging country, e.g. 

from eastern China to western China, which makes the 

market fragmented [13].  

Underdeveloped regulatory environment 

The regulatory environment of emerging markets, 

which companies are exposed to, is considered as 

unstable and underdeveloped. It influences the market 

regulation, product regulation, governance 

transparency, and eventually have an impact on a 

company’s ability to earn profits [1]. 

Severe competition 

Western companies in emerging markets are 

competing with both a huge number of local and 

international competitors [9, 10]. Moreover, the 

relatively poorer IP rights protection and other 

consequences of the underdeveloped regulatory 
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environment can make the competition even more 

chaotic.  

Inadequate infrastructures and resources 

The physical infrastructures in emerging markets are 

often weak and underdeveloped [13] and the resources 

are more restraint compared to that in developed 

countries. For instance, the technology is often less 

mature and less invested in emerging markets [11, 13]. 

2.2. Design requirement identification 

Acquiring information and transforming it to well-

defined requirements require many resources and 

much effort. It is a time-consuming and error-prone 

process [14]. Identifying requirements typically 

happens along a number of structured phases. The 

commonly mentioned phases in a requirement 

identification process are:  

Requirement elicitation: to systemically extract the 

requirements from customers and other sources [14, 

15]. 

Requirement analysis: to analyse the requirements for 

conflicts, overlaps, omissions, and inconsistencies 

[16, 17]. 

Requirement specification: to specify explicit and 

formal requirements for development and evaluation 

use [18]. 

Requirement validation: to validate whether 

requirements are consistent with stakeholders’ 

intention [19].  

Requirement maintenance: to update, maintain and 

support the evolution of requirements [20]. 

Requirements build a bridge from the individual 

stakeholder’s needs (the user domain) to the issues 

that have to be considered throughout the design 

process (the product domain). For instance, Pugh [21] 

listed 32 issues that needed to be considered when 

developing a product specification. Ahmed [22] 

identified four classes of issues that designers must 

consider whist carrying out the design process: the 

lifecycle of the product, the environment of the 

product and interfaces, the functional requirements, 

and the characteristics of the product.  

In requirement engineering, the notion of viewpoint is 

introduced as ‘a way of collecting and organizing a set 

of requirements from a group of stakeholders who 

have something in common’ [23]. Each issue which is 

considered in the product development process can be 

identified from multiple viewpoints. Figure 1 

illustrates an example of the relationship between the 

viewpoints and issues in design requirement 

identification. 

 
Figure 1 The relationship between viewpoints and issues 

in design requirement identification (adapted 

from [23]) 

In this paper, the concept of viewpoint is extended 

beyond the human stakeholders by including the non-

human sources for design requirements, e.g. project 

reports and existing products. In the process of 

identifying design requirements, not only the technical 

issues of the product itself should be considered but 

also the socio-cultural context where the product will 

be immersed should be included [2]. This is 

particularly true when developing for emerging 

markets due to the gaps in the external environment. 

Li et al. [24] summarized seven viewpoints that should 

be covered in the process of design requirement 

identification when developing for emerging markets: 

User: all relevant units that buy or use the products, 

e.g. end users and customers (see e.g. [25, 26, 27]). 

Corporation: the company’s own competencies, 

processes, guidelines, policies and strategies (see e.g. 

[25, 26, 28]). 

Competition: the competition in the market (see e.g. 

[29, 30]). 

Regional infrastructure: the infrastructures that are 

needed to support products to work, e.g. physical 

facilities (see e.g. [31, 32]). 

Technology: scientific and engineering laws and 

principles (see e.g. [29, 33]). 

Regulation: governmental regulations, and 

international and regional standards (see e.g. [26, 30, 

31]). 

Organizational infrastructure: the stakeholders 

involved in the product development that are external 

to the company, e.g. suppliers and distributors (see 

e.g. [25]). 

Issues Viewpoints 

Safety Product cost 

Organization 

End user 

Society 

Packing  
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2.3. Research questions 

Two gaps in the literature are identified. First is the 

lack of research studies on examining the 

conventional product development and requirement 

identification theories and methods under the context 

of the rise of emerging markets. Secondly, a large 

number of the existing studies focus on customer 

requirements such as the elicitation or transformation 

of the customer requirements (e.g. quality function 

employment [34]), but a comprehensive overview of 

other viewpoints in requirements (e.g. corporation and 

regulation) is still missing.  

Hence, concerning both the literature reviewed and the 

challenges in practice, two research questions are 

formulated to guide the study: 

- How is the practice of developing for emerging 

markets in western companies different from that for 

western markets in terms of identifying design 

requirements? 

- How can western companies improve their practice 

of identifying design requirements for emerging 

markets? 

3. RESEARCH METHODS 

In order to answer the research questions, a survey 

study was conducted. Denmark was chosen to 

represent the western context in this study due to 1) 

the information accessibility since the authors are 

based in Denmark; 2) Danish companies are also 

facing the challenges of identifying design 

requirements for emerging markets as other western 

companies. This section describes how the survey was 

conducted and the collected sample. 

3.1. Survey instruments 

The survey was designed to investigate the product 

development practice in Danish companies when 

developing for emerging markets and Danish 

industrial practitioners’ opinions on emerging 

markets. The seven predefined viewpoints as 

described in section 2, namely user, corporation, 

competition, regional infrastructure, technology, 

regulation and organizational infrastructure, were 

used as a reference in the survey. The survey was 

tested and revised in a workshop with over 20 

industrial participants in Denmark. The survey 

consisted of four parts:  

1. Background information about the company: 

 Company name, size, and industry sector 

 Typical project length and budget 

 Business status in emerging markets 

2. Background information about the participant:  

 Position, background, experience  

3. Design requirement identification in general and 

for Danish market:  

 Time spent on identifying requirements in general 

 The contribution of each defined viewpoint to the 

final set of design requirements 

 The difficulty level of identifying design 

requirements from each defined viewpoint for 

Danish market 

 The difficulty level of each phase in a design 

requirement process for Danish market 

4. The understanding of emerging markets and design 

requirement identification for emerging markets:  

 The influence of emerging markets’ 

characteristics on product development  

 Key barriers when developing for emerging 

markets 

 The difficulty level of identifying design 

requirements from each defined viewpoint for 

emerging markets 

 The difficulty level of each phase in a design 

requirement process for emerging markets 

 General opinions on product development for 

emerging markets 

3.2. Sampling process 

An initial list with 7723 Danish companies was 

extracted from a professional online business database 

called Bisnode. Those companies all:  

 operated in Denmark;  

 developed or manufactured products, or provided 

product design services to other companies; 

 and were making profit. 

A link to the survey was sent to the companies on the 

list by an email research invitation. Two screening 

questions were added in the email to select relevant 

companies that: 

 have experience with emerging markets; 

 or have potential interest in selling to emerging 

markets. 

3.3. Sample description 

A total of 131 respondents answered the survey. One 

response was deleted due to clearly invalid answers. 

The remaining 130 answers represented 125 different 

companies. Not all respondents completed the survey. 
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All 130 respondents finished part 1 and part 2, which 

presented the basic background information and the 

company’s business status in emerging markets. 75 

(57.69%) of these 130 respondents were working in 

companies that were doing business in emerging 

markets. 92 respondents filled in part 1, part 2, and 

part 3, and 56 (60.87%) of them were doing business 

in emerging markets. Their answers provided an 

insight into the identification of design requirements 

in a western context that was represented by the 

Danish market. Among these 92 respondents, 65 

completed all four parts, of which 45 (69.23%) were 

doing business in emerging markets. Their answers 

provided an insight into both emerging and western 

contexts. Table 1 presents the counts of respondents 

and the represented company sizes. 

Table 1 Sample overview 

The survey response rate was lower than 5%. Possible 

explanations for the low response rate were 1) not all 

the companies on the initial list passed the two 

screening questions, 2) the email addresses generated 

from the database and used to contact companies were 

often general email addresses (e.g. information or 

customer service) and not always up to date.  

Among the 130 respondents, 89 were the business 

owners or from the top management team, 21 were 

managers, while 10 were from other positions, e.g. 

engineers and sales. 68 respondents have a 

background of engineering, 47 have a business 

background, and 47 have a management background 

(multiple choices allowed). 

4. RESULTS 

This section presents the analyzed results from the 

survey study, and the results are discussed in section 

5.  

4.1. Differentiating for emerging markets 

66 respondents in the survey study described the 

business status of their companies in emerging 

markets. 11 (16.7%) companies were developing new 

products for emerging markets. 19 (28.8%) companies 

were adapting existing products for emerging markets 

(with some changes in the design). 36 (54.5%) of the 

companies were selling existing products (without any 

changes in the design) to emerging markets.  

Another reports gained similar results when 

investigating the western companies’ business 

statuses in several emerging markets [35], which 

corroborates the results of this study, see Table 2. It 

provided an extended view from the Danish industry 

to a broader range of companies all over the world, 

and specified data for each emerging market. In 

addition, these results verified the representativeness 

of the sample. 

Table 2 How are the products sold by companies in 

emerging markets compared to products sold in 

home markets (adapted from [35]) 

Emerging 

market 

Very 

different 

Somewhat 

different 

Very 

similar 

Indonesia 12% 41% 47% 

India 16% 32% 52% 

Russia 11% 43% 46% 

China 14% 36% 50% 

65 respondents commented on the necessity of 

differentiating products for emerging markets. 29 

(44.6%) respondents agreed that there was a need to 

differentiate products sold to emerging markets from 

that sold to Danish market. 20 (30.8%) stood neutral 

and 16 (24.6%) disagreed.  

About half of the surveyed companies were already 

either adapting existing products or developing new 

products for emerging markets and close to half of the 

respondents thought it was necessary to differentiate 

products for emerging markets. The necessity of 

differentiating and redeveloping products for 

emerging markets requires understanding of the 

different local needs and requirements, and the 

adjustment of the supportive processes, methods and 

tools for the new context [36].  

This concern was also reflected in the key challenges 

faced by companies when developing for emerging 

markets. In the survey, respondents were asked to 

choose the three most difficult challenges from a list 

Size 

(number of 

employees) 

Total 

answers 

Insights for 

Danish 

market 

Insights for 

emerging 

markets 

Large 

(>249) 

17 13 10 

Medium 

(50-249) 

19 12 11 

Small 

(10-49) 

66 46 29 

Micro 

(>10) 

28 21 15 

Total 130 92 65 
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made upon literature review and a workshop. Table 3 

listed the challenges and counts of answers.  

The top challenges on the list implied the insufficient 

understanding about the requirements and needs in the 

local market and the socio-cultural context. Specially, 

they reflected the difficulty in identifying design 

requirement from the viewpoints of regulation and 

user. It, on the other hand, confirmed the need and 

significance of studying design requirement 

identification for emerging markets. 

Table 3 Key challenges faced by Danish companies when 

developing for emerging markets 

Challenges Answers 
Percent 

n=65 

Difficult to reach and 

understand the local 

regulation and to get local 

approvals 

28 43% 

Different business culture of 

deeply embedded networks 

and personalised exchange 

27 42% 

Insufficient understanding of 

market needs 

24 37% 

Unstable political and 

regulatory environment 

22 34% 

The shortage of financial 

support 

21 32% 

Difficult to develop 

affordable products with 

sufficient features for local 

consumers 

16 25% 

Poor intellectual property 

right protection 

15 23% 

Special constraints under the 

using context, e.g. a lack of 

supportive infrastructure and 

space 

12 18% 

Difficult to overcome the 

impediments to distribute  

11 17% 

High level of product 

diversion within or between 

countries 

8 12% 

Possibility of watering down 

a premium brand 

4 6% 

Language, distance, and time 

zones 

2 3% 

4.2. Comparing design requirement 
identification for Danish market and 
emerging markets 

65 respondents expressed their opinion on whether it 

is more challenging to identify design requirements 

for emerging markets than for that Danish market (or 

western markets). 41 (63.1%) supported that it was 

more challenging for emerging markets; 16 (24.6%) 

were neutral; and only 8 (12.3%) were against it.  

In order to further understand how the design 

requirement identification for emerging markets are 

different from that for western markets, the authors 

compared the design requirement identification 

practice for the two contexts from two aspects: 1) the 

phases in a design requirement identification process, 

2) the viewpoints of design requirements.  

Requirement identification phases 

Respondents were asked to rank the five design 

requirement phases (elicitation, analysis, 

specification, validation and maintenance) with 

respect to how challenging they were in the process. 

The ranking was done separately for Danish market 

and emerging markets.  

The ranking of each phase was coded with the value 

that equal to its rank. For instance, if requirement 

elicitation was ranked as the second most difficult, it 

would be coded as 2 in the analysis. A non-parametric 

Friedman test of the differences among the ranking of 

each phase was conducted respectively for Danish 

market and emerging markets. Friedman test is used 

to detect the differences between groups when the 

dependent variable is ordinal. For Danish market 

(n=92), the test rendered a Chi-square (χ2) value of 

72.57, which was significant (p=.000), while for 

emerging markets (n=65), the Chi-square (χ2) value 

was 24.78, which was also significant (p=.000). The 

mean ranks and the values in the 25th, 50th (median) 

and 75th percentile of each phase is showed in Table 

4. Here lower means indicated higher difficulty levels 

of the phase. 

The results showed that for both western and emerging 

contexts, requirement elicitation and analysis were the 

two most difficult phases in a design requirement 

identification process. Particularly, in emerging 

markets, requirement elicitation was ranked as the 

most difficult phase.  
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Table 4 Descriptive statistics of the ranking of five phases 

in a design requirement identification process 

Phase 
Mean 

rank 

Percentiles 

25th 50th (Median) 75th 

Danish market(n=92) 

Elicitation 2.50 1 2 4 

Analysis 2.25 1 2 3 

Specification 2.98 2 3 4 

Validation 3.22 3 3 4 

Maintenance 4.05 3 5 5 

Emerging markets (n=65) 

Elicitation 2.38 1 2 4 

Analysis 2.62 2 2 3 

Specification 3.51 2.5 4 5 

Validation 3.09 2 3 4 

Maintenance 3.40 2 4 5 

Post hoc comparisons using the Wilcoxon signed-rank 

test were conducted to check the where the differences 

actually occur.  

The results showed that the difficulty level of 

requirement elicitation was not significant different 

from requirement analysis in both Danish market and 

emerging markets contexts. In Danish market, both 

requirement elicitation and analysis were found 

significantly more difficult than the rest three phases: 

requirement specification, validation and 

maintenance. The Z values and p values are presented 

in Table 5.  

Table 5 Post hoc test of the difficulty differences between 

phases in Danish market (only the results for 

requirement elicitation and analysis were showed) 

Phase Compared phase Z p 

Elicitation Analysis -1.01a .314 

Specification -2.14b .032* 

Validation -3.14 b  .002** 

Maintenance -5.54 b  .000*** 

Analysis Specification -3.30 b  .001** 

Validation -4.43 b  .000*** 

Maintenance -6.63 b  .000*** 

a. Based on positive ranks. 

b. Based on negative ranks. 

* p < .05, **p < .01, ***p < .001 

In emerging markets, requirement elicitation was 

significantly more difficult than specification, 

validation and maintenance, while requirement 

analysis was significant more difficult than 

specification and maintenance. The Z values and p 

values are presented in Table 6. 

Table 6 Post hoc test of the difficulty differences between 

phases in emerging markets (only results for 

requirement elicitation and analysis were showed) 

Phase Compared with Z p 

Elicitation Analysis -.86 a .389 

Specification -3.55 a .000*** 

Validation -2.43 a .015* 

Maintenance -3.19 a .001** 

Analysis Specification -3.20 a .001** 

Validation -1.92 a .055 

Maintenance -3.00 a .003** 

a. Based on negative ranks. 

* p < .05, **p < .01, ***p < .001 

Viewpoints in design requirements 

To explore how design requirement identification is 

different from western markets to emerging markets 

from various perspectives, respondents were asked to 

rate how difficult it was to identify design 

requirements considering each viewpoint when 

developing for Danish market and for emerging 

markets respectively. The difficulty level of each 

viewpoint was rated by the respondents on a 5 point 

Likert scale from 1 (not at all difficult) to 5 (extremely 

difficult). The means (M) and standard deviations 

(SD) of the ratings were presented in Table 7.  

Table 7 Descriptive statistics of the difficulty level of 

identifying design requirements considering each 

viewpoint 

Viewpoint 
Danish market 

(n=90) 

Emerging 

markets(n=64) 

 M SD M SD 

User 2.29 .95 2.86 1.08 

Corporation  2.08 .92 2.42 .92 

Competition 2.39 .99 2.83 .97 

Regional 

infrastructure 
1.81 1.03 2.28 .86 

Technology 2.38 .96 2.37 .93 

Regulation 2.37 1.03 2.98 1.08 

Organizational 

infrastructure 
2.17 .90 2.76 .85 

Average of all 

viewpoints 
2.21 .67 2.64 .64 
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Friedman tests showed that the differences among the 

seven viewpoints were significant in both Danish 

market [χ2 (6) =38.96, p=.000] and emerging markets 

[χ2 (6) =45.15, p=.000]. The medians are reported in 

Table 8. 

Table 8 Value of difficulty level for each viewpoint in the 

25th, 50th (median) and 75th percentile when 

developing for Danish market and for emerging 

markets 

Viewpoint 
Danish market 

(n=90) 

Emerging 

markets(n=64) 

 25th 50th  75th  25th 50th  75th  

User 1 2 3 2 3 4 

Corporation  1 2 3 2 3 3 

Competition 2 2 3 2 3 3 

Regional 

infrastructure 
1 1 3 2 2 3 

Technology 2 3 3 2 2 3 

Regulation 2 2 3 2 3 4 

Organizational 

infrastructure 
1 2 3 2 3 3 

The top three difficult viewpoints in Danish market 

were competition, technology and regulation, 

followed by user, organizational infrastructure, 

corporation, and regional infrastructure. And the gap 

between regulation and user was significant tested by 

a Wilcoxon signed-rank test, Z = -6.19, p=.000. And 

in emerging markets, the top four difficult ones in 

were regulation, user, competition and organizational 

infrastructure. The gap was not significant between 

competition and organizational infrastructure [Z = -

.81, p=.416], but was significant between 

organizational infrastructure and corporation [Z = -

2.57, p=.010]. 

A paired sample t-test was conducted to compare the 

differences between the two contexts. Table 9 displays 

the compared means (equal to values in Danish market 

minus values in emerging markets) and p values. The 

bigger absolute values of the compared means 

indicated larger differences between the contexts of 

developing for Danish market and for emerging 

markets.  

The average mean of all viewpoint, in terms of how 

difficulty it was to identify design requirements from 

for emerging markets, was significantly higher than 

the average mean for Danish market. Six viewpoints 

(user, corporation, competition, regional 

infrastructure, regulation, and organizational 

infrastructure) were rated significantly more 

challenging when developing for emerging markets 

than for Danish market. No significant difference was 

found in technical viewpoint between the two 

contexts. The difficulty level dramatically increased 

from developing for Danish market to developing for 

emerging markets for three viewpoints: organizational 

infrastructure, regulation and user. 

Table 9 Comparing the viewpoints in design requirement 

identification between developing for Danish 

market and for emerging markets (n=61) 

Viewpoint 
Compared 

means 
SD p (2-tailed) 

User  -.53 1.18 .001** 

Corporation  -.37 1.18 .016* 

Competition  -.32 1.14 .030* 

Regional 

infrastructure  

-.389 1.12 .009** 

Technology  .02 1.08 .907 

Regulation  -.60 1.21 .000*** 

Organisational 

infrastructure  

-.65 1.14 .000*** 

Average of all 

viewpoints 

-.41 .77 .000*** 

* p < .05, **p < .01, ***p < .001 

5. DISCUSSION 

The study implies the importance of making efforts on 

design requirement identification when targeting the 

new context of emerging markets. Two reasons 

revealed by the results are discussed here. 

First is the need of differentiating products for 

emerging markets. The results show the fact that 

roughly half of the western companies are either 

adapting existing products or developing new 

products for emerging market, and almost half of the 

respondents were positive about the differentiation. 

Moreover, research studies support that products sold 

to emerging markets should be redesigned or adapted 

for the local context. A couple of studies have found 

that the conditions especially the local market needs in 

emerging markets are very different from a western 

market [37], e.g. the lower income level and local 

frugal competitors’ products affect users’ behaviours. 

The existing products developed for western 

customers do not necessarily satisfy the customers in 

emerging markets. And it costs less for western 

companies to learn emerging markets and adapt their 

products for them than to change the markets or to 

educate the customers to accept the offered products 

[37-40]. This need of differentiating products for 

emerging markets calls for new processes and 
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methods to identify design requirements that are 

suitable for the new context [36]. 

Second, the challenges western companies are facing 

in emerging markets are connected with design 

requirement identification. The top three key 

challenges defined in this study can be interpreted as 

a lack of knowledge about the local regulations, 

business cultures and market needs. Particularly, 

regulations and market needs contribute to 

considerable amount of design requirements [41]. 

Facing those challenges indicates that western 

companies may have problems of identifying reliable 

and valuable design requirements or even be using 

inappropriate design requirements. 

In addition, the study points out potential directions of 

where the efforts should be made on identifying 

design requirements when developing for emerging 

markets.  

Firstly, requirement elicitation and analysis are found 

as the most challenging phases in a design requirement 

identification process. Particularly, requirement 

elicitation is challenging when developing for 

emerging markets. These two phases involve 

interaction with a number of external factors, which 

requires that a company to have not only professional 

knowledge to interpret and understand the market but 

also suitable approaches and adequate resources to 

gather sufficient information. This is particularly 

demanding for western companies in emerging 

markets because of 1) the complexity of accessing to 

information; 2) the lingual, social and cultural gaps 

that block the information communication and 

understanding.  

Secondly, the study assesses seven viewpoints in 

design requirement identification and compares them 

between the western and emerging contexts. The 

results suggest that 1) the new context of emerging 

markets increases the difficulty level of identifying 

design requirements; 2) some viewpoints are 

influenced more by the shifting of the context than 

others. The seven viewpoints are hence be grouped 

into three categories based on their market-

dependence: 

Highly market-dependent viewpoint: a viewpoint in 

design requirement identification that highly depends 

on the target market. The requirements proposed from 

the viewpoints vary to a great extent from market to 

market. In this case, the highly market-dependent 

viewpoints are organizational infrastructure, 

regulation and user. Both regulations and users are 

context-dependent entities. Governmental regulations 

and regional standards are normally formulated by the 

local authorities and often different from place to 

place. Users are affected by the social and physical 

surroundings, and they perceive and use the products 

based on their own background and experience. 

Furthermore, when companies enter a new market, 

they often find new local partners, suppliers, 

manufacturers, or distributors. Those new 

organisational infrastructures on one hand contribute 

with their experience and understanding of the market, 

but on the other hand it increases the complexity of 

information gathering. 

Slightly market-dependent viewpoint: a viewpoint in 

design requirement identification that depends on the 

target market but to a small extent. The requirements 

from those viewpoints can be different from market to 

market. In this case, the slightly market-dependent 

viewpoints are regional infrastructure, corporation, 

and competition. The regional infrastructures such as 

the power supply and internet access, are crucial in 

many cases to enable the use of a product, and they are 

particularly critical in the undeveloped areas. 

Corporates can modify their strategies or propose new 

strategies in the new markets which can be reflected 

on the product design. The competitors in the new 

market both local and international can have different 

features from those in a company’s established market 

and hence results in changes in the design in order to 

compete with them. 

Market independent viewpoint: a viewpoint in design 

requirement identification that does not depend on the 

target market. The requirements from those 

viewpoints remains the same or only be influenced 

limitedly by the target market. In this case, the market-

independent viewpoint is technology. In most of the 

Danish companies, technology is considered as an 

internal competency. They often develop technology 

back home and utilise in other markets, hence it is 

limitedly influenced by new markets. 

For specific cases, the market-dependence of each 

viewpoint can be different. For example, companies 

that develop products for a very niche market are 

competing with almost the same competitors all over 

the world. Changing the market does not changes 

much of the competition for them compared with other 

industries. Defining the market-dependence of each 

viewpoint can increase companies’ awareness of the 

consequential changes when entering emerging 

markets.  
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Two viewpoints in design requirement, namely user 

and regulation are emphasized in this study due to 1) 

the highly increased relative difficulty level from 

western market to emerging markets; 2) the reflection 

to the highlighted key challenges. In addition, 

previous study indicate that user viewpoint contributes 

the most to the final design requirement set in terms of 

the number of requirements, followed by regulation 

and technology [41]. Hence, companies are suggested 

to focus their attention and effort to these two aspects 

when identifying design requirements for emerging 

markets. 

The study also implies the challenges of identifying 

design requirements from regulations may be 

overlooked. Limited methods have been developed to 

support the design requirement identification from the 

regulatory viewpoint, which is probably due to the 

impression that regulations are normally well-

documented, easy-accessed and context-dependent 

[42]. However, in the survey, respondents regarded 

the regulatory viewpoint as problematic to design 

requirements in both western and emerging contexts, 

particularly in the emerging context. Thus, it is 

necessary to revaluate the regulation’s role in design 

requirement identification and develop necessary 

supports.  

6. CONCLUSION AND FUTURE 
RESEARCH 

This study investigates the design requirement 

identification practice in western companies under the 

context of developing for emerging markets. Relevant 

literature about product development for emerging 

markets from different fields, e.g. business, 

management, and design were reviewed. Empirical 

data were collected from a survey study conducted in 

Danish industry.  

The study examines the differences between 

identifying design requirements for western market 

and emerging markets from two aspects: the process 

of design requirement identification and the 

viewpoints in requirement identification. The results 

highlighted the challenges that the industry is facing 

and the necessity of improving the theoretical 

understanding and supporting on design requirement 

identification for emerging markets. For the industry, 

the study indicates that western companies should 

focus their effort on identifying design requirements 

when developing for emerging markets, especially 

considering user needs and regulations. 

The study is limited by its sample size and the 

representativeness of the Danish industry. The results 

would be generalizable if the study is extended to a 

larger sample and to other western countries.  

Three potential topics are proposed for future studies. 

First is to deeply understand the reasons behind those 

challenges when companies developing for emerging 

markets and to understand companies’ decisions in 

emerging markets, e.g. why sell existing products or 

adapt products. Second is to compare the differences 

and commonalities of product development for 

emerging markets between western companies and the 

local companies in emerging markets, and the possible 

learning from each other. Thirdly, by combining the 

first two points, supportive design methods or tools 

are needed to guide companies’ practice in emerging 

markets. The majority of existing discussions on 

product development for emerging markets e.g. frugal 

innovation, are in such fields as innovation 

management and business. At the same time, design 

studies should follow up the trend and provide 

sufficient supports to facilitate the unique design tasks 

emerged under this specific context.  
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Identifying and Changing Design Requirements during the Product 

Development Process 

Keywords: design requirements, product development, survey, case study, emerging markets 

Abstract (max 200 words) 

Design requirements in the context of emerging markets have become critical because the 

influence of emerging markets on product development has increased. This study investigates 

when design requirements are identified and also when changes to those requirements are 

permitted during product development processes. This study compares manufacturing 

companies’ practices in western and emerging markets and discusses three contextual factors 

(i.e., users, competition and regulations) and their effects on design requirements. A survey of 

Danish (n=80) and Chinese (n=165) companies provides the primary data. Four case studies 

(two from Denmark and two from China) support the interpretation and discussion of the survey 

results. The results demonstrated that Danish companies focus their efforts on design 

requirements during the early stages of the product development process, and Chinese 

companies allow design requirements to be changed later in the product development process. 

Noticeable differences in the effects of competition and regulations on the two different 

contexts were noted, which impact how design requirements are identified and changed. This 

study extends conventional knowledge about design requirements that was developed in 

western contexts to emerging markets and provides information for companies in both contexts 

that addresses design requirements during the product development process.  

1 Introduction 

Identifying design requirements is a critical component of the product development process and 

a central issue for design research (Chakrabarti 1994). Traditional product development models 

often suggest that design requirements should be identified during the early stages of the 

product development process. In practice, design requirements may need to be changed because 

of a number of factors such as new legal requirements, unexpected competitor situations and 

customer preferences (Almefelt et al. 2006). Therefore, identifying design requirements is an 

iterative process, and design requirements co-evolve with the product development process 

(Sudin and Ahmed-Kristensen 2011; Darlington and Culley 2002). 

The influence of emerging markets (e.g., Brazil, China and India) on product development is 

growing. Therefore, it is increasingly valuable to gain an advanced understanding of how design 

requirements are identified in the context of emerging markets. The impressive size and growth 

rate of emerging markets (Hoskisson et al. 2000; Gu, Hung, and Tse 2008; Hitt et al. 2000) 

attract a large number of western manufacturing companies. In addition, increasingly more 

companies that originate in emerging markets perform well in product development. For 

example, China has been broadly perceived as a new centre of gravity for global R&D activities 

(Chen and Vang 2008; Li and Yue 2005). 
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Emerging markets have different social, cultural, political and economic contexts than western 

markets (Dubiel and Ernst 2012). These differences result in different needs and requirements 

for products. For example, one study indicated that Russia’s cultural features (e.g., high power 

distance, femininity, high uncertainty avoidance) affected the preferred designs in the Russian 

market (Salmi and Sharafutdinova 2008). These scholars demonstrated that socio-cultural 

factors (e.g., national cultural politics, mass culture, the importance of mainstream fashion, and 

a distinct expression of masculinity and femininity in dress and other public behaviour) affected 

customer requirements.  

In addition, these differences between emerging markets and western markets influence product 

development processes. For companies that originate in emerging markets, the early process 

design activities such as need definition and conceptual design are, in certain cases (e.g., 

Kenyan companies), not standardised, and design decisions are not documented (Donaldson 

2006). User involvement occurs more often during the later stages of the product development 

process in companies that originated in emerging markets when compared to western 

companies (Li and Ahmed-Kristensen 2014).  

Despite certain exceptions, prior studies regarding how product development processes are 

influenced by the emerging market context are scarce, and most design research is conducted 

in the context of developed countries and relatively affluent markets (Viswanathan and 

Sridharan 2012; Jagtap and Larsson 2013; S. Jagtap, Larsson, and Kandachar 2013; Jagtap et 

al. 2014). Currently, there is only a limited understanding of product development processes in 

the context of emerging markets. Specifically, it is not well understood how emerging markets 

affect the identification and management of design requirements. Do design requirements co-

evolve with the product development process in the same manner for emerging markets as in 

western markets? What are the influential factors? These questions remain unanswered.  

Therefore, this study seeks to gain a better understanding of the processes used to identify 

design requirements by comparing the product development practices of manufacturing 

companies in western and emerging markets. This study focuses on the co-evolution of design 

requirements and the product development process. The analysis is based on data collected from 

a survey and multiple case studies. This study has two primary goals: first, to advance the 

knowledge of design practices in emerging markets and examine the suitability of traditional 

design knowledge in this new context; and second, to better understand the evolution of design 

requirements, (e.g., by analysing when the design requirements are identified and changed 

during the product development process). Two primary research questions are formed to guide 

the study: 

Research question 1: What are the differences in the processes that companies use to identify 

and change design requirements between western and emerging markets? 

Research question 2: What factors affect these differences? 
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2 Literature Review 

This section reviews relevant research studies and includes a description of the processes that 

companies use to identify and change design requirements (Section 2.1). In addition, this 

section provides a summary of the characteristics of emerging markets (Section 2.2) and 

compares product development between western and emerging markets (Section 2.3). 

2.1 Identifying and Changing Design Requirements 

Design requirements describe the qualitative and quantitative definition[s] of the functions and 

constraints that should be fulfilled by a product (VDI 1987). Identifying design requirements is 

a central component of the design process (Jevnaker 2005; Haug 2015; Rizal 2005); poorly 

defined design requirements can lead to inappropriate products and even project failures (Hall, 

Beecham, and Rainer 2002). 

Design requirement identification requires comprehensive information from multiple sources. 

Sudin, Ahmed-Kristensen, and Andreasen (2010) categorised design requirement sources into 

two groups: human sources (e.g., clients, end users, and colleagues) and artefact sources (e.g., 

semi-developed specifications, proposed solutions, existing products, prior projects, and 

guidelines). Stakeholders (e.g., customers, marketers, and designers) (Brace and Cheutet 2012) 

often represent the human sources that generate requirements. Similarly, Cooper, Wootton, and 

Bruce (1998) separated the sources into individuals (e.g., customers, users or suppliers), written 

materials (e.g., books, trade journals, or technical manuals), and objects (e.g., competitors’ 

products) and suggested that firms differentiate between internal and external sources. Sources, 

particularly external sources such as customers, are context dependent and consequently vary 

for different markets. For example, a Chinese user may have different requirements for a 

product than a Danish user, and special regulatory requirements could exist for the Chinese 

market that a product would have to fulfil prior to entering the market. 

It is often suggested that design requirements should be identified early in the product 

development process (Cross 2008) because of their influence on the entire process, and the costs 

for design changes increase dramatically if they are not implemented early in the process (Abts 

and Schaudt 2015). Ulrich & Eppinger (2011) propose a generic product development model 

that includes six stages: planning (pre-stage), concept development, system-level design, detail 

design, testing and refinement, and production ramp-up. In this model, customer needs should 

be identified at the beginning of the concept development phase. Then, the product 

specifications are established during a two-stage process. The target specifications are 

determined immediately after identifying the customers’ needs. The final specifications are 

established after the product concept has been determined. Similarly, Pahl et al. (2007) offers a 

comprehensive model of the design process that includes the following design stages: planning 

and task clarification, conceptual design, embodiment design, and detail design. For this model, 

the design requirements should be determined during the planning and task clarification stages.  

However, in practice, clear and unambiguous design requirements are rarely identified during 

the early stages of the product development process (Haug 2015). Researchers have recognised 

that the process for identifying design requirements is iterative and design requirements co-
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evolve with the product development process (Sudin and Ahmed-Kristensen 2011; Darlington 

and Culley 2002) because clearly understanding the problems and developing solutions are two 

aspects that also co-evolve (Dorst and Cross 2001). Suwa, Gero, and Purcell (2000) studied the 

architectural design process using protocol analysis. These scholars provided empirical 

evidence of the co-evolution of the problem-space and the solution-space. Maher and Tang 

(2003) proposed four types of requirement changes: adding new problem requirements, refining 

problem requirements, searching for new problem requirements and re-examining problem 

requirements. Ahmed and Kanike (2007) determined that specification changes were likely to 

occur during the development and prototype phase and more than likely to occur during the 

design phase, before changes are documented.  

Studies have been conducted to analyse the reasons for requirement changes and their co-

evolution with the product development process. Both internal and external factors initiate 

requirement changes (Morkos, Shankar, and Summers 2012). Almefelt et al. (2006) revealed 

the underlying factors for changes in requirements that included knowledge gained through 

development work (e.g., through testing), conflicting requirements, technical difficulties in 

meeting a high specification, opportunities for function-sharing and synergies, unexpected 

demands to reduce costs, new legal requirements, and unexpected competitor situations and 

customer preferences that result in changed market requirements. Sudin and Ahmed-Kristensen 

(2011) proposed a mechanism to determine when a requirement change is needed, and the 

mechanism includes internal factors of change (i.e., requirement analysis and solution 

evaluations) and external factors of change (i.e., technology changes, market demands changes 

and customer requests changes). Vajna et al. (2005) stated that requirements could be affected 

by changes in technology, trends, perceptions, and regulations. 

However, many of these studies were conducted with a focus on only one or a few projects or 

companies and are mostly related to product development for western markets. Therefore, little 

is known about how firms identify and change requirements differently between the western 

and emerging market contexts, and an analysis of this issue is needed.  

2.2 Characteristics of Emerging Markets 

There is a broad consensus that emerging markets differ from conventional western markets in 

a number of dimensions (Sheth 2011). Many of emerging markets’ distinctive characteristics 

significantly affect product development processes and design requirements. Four 

characteristics are summarised along with their relevance to product development in the 

following section. 

2.2.1 Low average per capita income and inadequate infrastructure  

Despite their rapid growth, emerging markets have a per capita income that is lower than 

average (Kuepper 2016; Heakal 2015). Their infrastructure is generally inadequate (Sheth 

2011), which requires specific focus on the price-performance relationship and resource-

constrained limitations as they relate to design requirements. This issue has prompted a number 

of design studies that address low-income populations (e.g., studies on design for the bottom of 

the pyramid).  
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2.2.2 Distinctive socio-cultural contexts 

Emerging markets that are located in the Middle East, Latin America, East and Southeast Asia 

and Africa, have entirely different histories, cultures and social customs and differ greatly from 

western markets (e.g., West and Northern Europe and North America). It is critical that 

companies understand these cultural differences and adapt their strategies and products (Dubiel 

and Ernst 2012). Numerous stakeholders in design (e.g., users and customers) are immersed in 

the context and are also affected by the local culture.  

2.2.3 Underdeveloped legal and regulatory environments 

The regulatory environments of emerging markets are unstable and underdeveloped, and 

enforcement of existing rules is insufficient. The external institutions in emerging markets, 

which may be associated with, for example, highly bureaucratic and corrupt legal-political 

governance (Bruton et al. 2010; Khanna and Palepu 1997), make the innovation process 

particularly challenging (Chen et al. 2013).  

2.2.4 Severe competition 

In emerging markets, a company competes with a large number of both local and international 

competitors (Gu, Hung, and Tse 2008). In emerging markets, 60% of the consumption is of 

unbranded products and services (Sheth 2011). In addition, competition is chaotic due to 

relatively poor intellectual property rights protections and other consequences of 

underdeveloped regulatory environments. Severe competition may incite companies to closely 

monitor competitors’ activities and include any new information in their design requirements.  

These characteristics indicate possible reasons for differences in product development 

processes and the identification of design requirements between companies in emerging and 

western markets and highlight specific challenges for emerging markets. 

2.3 Product Development in the Contexts of Western and Emerging Markets 

Products developed for emerging markets and their requirements are affected, to a large extent, 

by contextual factors (e.g., customers, competition and regulations). Salmi and Sharafutdinova 

(2010) analysed mobile phones in Russia and determined that Russia’s cultural features (e.g., 

high power distance, femininity, and high uncertainty avoidance) influenced the preferred 

design in the Russian market. Donaldson (2006) stated that Kenyan customers did not trust 

vendors and had a ‘West is the best’ bias. Kenyan product buyers and sellers focused on a short-

term perspective, which reflected the prevalent desire for ‘quick profit’. Er (1997) determined 

that competition was the vital ingredient for industrial design in the context of newly 

industrialised countries. Parry and Song (1994) suggested that regulations’ effects on 

production were one of the primary constraints for Chinese state-owned enterprises that 

developed new products. Li, Ahmed-Kristensen, and Daalhuizen (2016) determined that 

identifying design requirements was more challenging for emerging markets than for western 

markets and considered six factors that included users, organisations and businesses, 

regulations, competition, regional infrastructure, and other stakeholders. 
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Product development is organised differently in western markets than in emerging markets and 

is often considered to be less advanced in emerging markets than in western markets. For 

example, Donaldson (2006)’s study demonstrated that Kenyan engineers and technicians from 

industrialised sectors lacked design expertise and did not understand the need for a rigorous 

design process. This scholar observed that firms concentrated on the detailed design and 

manufacturing phases of the product development processes in Kenya; the early design phases 

(i.e., need definition and conceptual design) were absent when adapting designs or importing 

foreign designs for local markets. Li and Ahmed-Kristensen (2014) compared the product 

development processes for Danish and Chinese manufacturing companies. These scholars noted 

that the projects were more controlled in the Danish companies than in the Chinese companies, 

particularly during the early stages of the product development process. In addition, the Danish 

companies involved product users during the early stages, in contrast to the Chinese companies. 

Jagtap et al. (2014) investigated design processes used for the base of the pyramid (BOP) and 

top of the pyramid (TOP) markets in terms of the design strategy employed by the designers, 

requirement handling behaviour, and information behaviour. Their study determined that the 

BOP designers used a problem driven strategy, and the TOP designers used a solution driven 

strategy; the BOP designers engaged in more planning activities to address design requirements 

and spent more effort evaluating the design requirements.  

Despite the efforts made to address emerging markets, prior studies on design that focused on 

design requirements were predominately conducted in the context of developed countries and 

relatively affluent markets (Viswanathan and Sridharan 2012; Jagtap and Larsson 2013; Jagtap, 

Larsson, and Kandachar 2013; Jagtap et al. 2014). Donaldson (2006) stated that design studies 

that address emerging markets are largely descriptive and characterise the design process and 

the environment differences relative to more industrialised economies. To the best of the 

authors’ knowledge, few studies have analysed design requirements with a specific focus on 

emerging markets.  

3 Research Method 

This section explains the research approach and describes the data collection and analysis 

methods.  

The goal of this research is to compare manufacturing companies’ processes for identifying and 

changing design requirements in the context of western and emerging markets. For practical 

reasons, the authors investigated Danish and Chinese companies to represent these two contexts. 

Denmark is a developed country with sufficient infrastructure and advanced innovation 

capacity. China is perceived as one of the most representative countries of emerging markets. 

China is one of the most popular emerging markets and has maintained a considerably high 

economic growth rate (Mutum, Roy, and Kipnis 2014). The contrast between Denmark and 

China is expected to provide valuable insights on practices for these two different contexts. 

This study focuses on design requirements for a home market (i.e., Danish companies 

developed products for the western context, and Chinese companies developed products for the 

emerging market context). Designing for foreign markets is a control variable and investigates 

whether the target market influenced design requirements.  
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The data for this study was collected using two methods and included data for both the Danish 

and Chinese manufacturing industries. A survey questionnaire was distributed and used as the 

primary data source to specify quantitative differences in the design requirement practices 

between the two contexts. Four case studies were performed to gather complementary data and 

to better understand the practices and determine any possible explanations for the survey results. 

Section 3.1 presents information regarding the survey, and Section 3.5 describes the case studies. 

3.1 Survey  

This section presents the survey instrument, the design and sampling processes, the validity 

check, and the sample characteristics.  

3.1.1 Survey Design and Instrument 

The survey used for this study was originally designed in English by the research team. The 

survey was evaluated by five other academic experts for clarity and unambiguity, then revised 

in several iterations based on this feedback. A native-speaking researcher on the research team 

translated the survey into Chinese using the same structure and questions to ensure 

comparability (Leeuw, Hox, and Dillman 2008) and to capture both commonalities and 

differences in and across the two cultures (Kumar 2000). Three independent native Chinese 

speakers (one academic expert and two industrial experts) checked the Chinese version for 

clarity and unambiguity. 

The survey included four sections: 1) background information for the respondent and their 

respective company, 2) the product development processes used in the company, 3) the 

processes for identifying design requirements and 4) a description of the factors that influenced 

design requirements. 

The primary issues that were investigated in the survey include the following: 

The product development process: the product development processes used by the companies 

were investigated with reference to the generic product development model that was developed 

by Ulrich & Eppinger (2011). To document the product development process that was used by 

the company, respondents were asked if their own processes included stages that were the same 

or similar to those in the model. The survey included open-ended questions such as, “If your 

product development process involves other stages, please specify.” This type of question 

enabled respondents to specify activities that were not included in this model.  

Design requirements, as related to the product development process: this section investigated 

how companies identified design requirements during the product development processes from 

two dimensions: 1) the stage of the product development process that design requirements were 

identified; and 2) how changes to design requirements were addressed and when they were 

permitted in the process.  

Factors that influenced design requirements: three influential factors were analysed to improve 

the understanding of contextual differences and include the following.  
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 Users: for this study, this term refers to customers and users that buy or use the product. 

The user’s perspective is generally considered to be the basis for product development 

(Wang and Tseng 2014). Users are important because they directly influence the 

identification of design requirements (Chen, Khoo, and Yan 2003).  

 Competition: this term refers to competition in the market and should be assessed when 

companies identify design requirements because of the risk of institutionalising old and 

non-competitive designs (Tseng and Jiao 2007). Competition is one of the primary external 

reasons for requirement changes (Fricke et al. 2000).  

 Regulations: this term refers to government regulations and international and regional 

standards. Almefelt et al. (2006) determined that new legal requirements are factors that 

lead to changes in requirements for projects. Specifically, the regulatory environment is 

different for western and emerging markets.  

The participants’ responses that were related to the three influential factors were measured by 

two dimensions: first, the contribution of the three influential factors to design requirements; 

and second, the difficulty in identifying design requirements when considering the three 

influential factors. Five-point Likert scales were applied for these measurements. The scale 

ranged from “no contribution” to “essential contribution” to measure contribution and ranged 

from “not at all difficult” to “extremely difficult” to measure the difficulty in identifying design 

requirements. The scales were coded as 1-5 in the analysis, as illustrated in Table 1. 

Table 1 Code scheme of responses for the contribution and difficulty of the influential factors on design 

requirements.  

Code  1 2 3 4 5 

Responses for 

contribution 

No 

contribution 

Slight 

contribution 

Moderate 

contribution 

Significant 

contribution 

Essential 

contribution 

Responses for 

difficulty 

Not at all 

difficult 

Slightly 

difficult 

Somewhat 

difficult 

Very difficult Extremely 

difficult 

3.2 Sampling process 

The survey was distributed online and used different sampling processes in China (Chinese 

version) and in Denmark (English version). In Denmark, the research team conducted the 

sampling. In China, the sampling was outsourced to a third party service agency because the 

contact information for Chinese companies was not available; this approach has been adopted 

by other researchers (e.g., Zhou et al. 2013; Chen, Cheng, and Urpelainen 2015). The sampling 

process used for each country is described in detail in the following section.  

In Denmark, the companies were recruited from multiple sources to minimise sample 

homogeneity (Sawang and Unsworth 2011). The first source, Bisnode (a professional business 

information provider), provided a list of companies that was extracted from a database of 

Danish companies. From this database, companies were selected using two criteria: 1) 

manufacturing companies were selected by using the NACE (Nomenclature of Economic 

Activities) code (category C) (European Commission 2010) and 2) firms that exported to 

foreign countries (an option provided by the database). The list included 1726 companies, and 



Page 9 of 27 

 

1570 companies provided a valid company email address. The second source was a list of 

Danish subsidiaries in 17 foreign countries (e.g., Argentina, Brazil, Chile, China, and Portugal) 

that was downloaded from the Ministry of Foreign Affairs of Denmark. From this list, the 

research team identified 366 additional manufacturing companies. Among these, 239 

companies provided valid email addresses for specific individuals (managers and product 

development related positions, e.g., product managers, were prioritised), and 127 companies 

provided valid general company email addresses.  

The survey was submitted to all 1936 companies with an email invitation that was followed by 

two reminders. In total, 119 responses were collected from the two sources. A total of 46 

responses were obtained from the first source, with a 2.5% response rate, and 73 responses were 

obtained from the second source, with a 19.9% response rate. Although the response rate for 

the first source was low, this was expected because the email addresses that were extracted from 

the database were often for general information or customer service and were less likely to 

generate interest in supporting academic research or reach an individual who possessed the 

necessary knowledge to respond to the survey. The low response rate was also expected and 

often occurs when the self-enumeration method is applied, i.e., a respondent completes a 

questionnaire without the assistance of an interviewer (Statistics Canada 2010). 

In China, the survey responses were collected by a paid sampling service that used a generally 

acknowledged online survey platform, ‘Sojump’, which has been used by other research studies. 

(see e.g., Zhou et al. 2013; Chen, Cheng, and Urpelainen 2015). This platform has a user base 

of more than 2.6 million voluntary users and is similar to a crowdsourcing platform, e.g., the 

Mechanical Turk (Kaufmann, Schulze, and Veit 2011). The study used three criteria to recruit 

participants from the user base. First, the participants worked in a manufacturing company 

(controlled by the survey platform). Second, the company was located in the Yangtze 

(Changjiang) River Delta in China. The Yangtze River Delta includes the Shanghai 

municipality, the Zhejiang province and the Jiangsu province and was selected because it is a 

hub of the Chinese economy (see, e.g., Marton 2000). In addition, numerous manufacturing 

companies operate in the Yangtze River Delta. Third, the company exported products to foreign 

countries (controlled by the survey platform).  

A total of 23113 surveys were submitted, and 252 responses were collected, which resulted in 

a 1% response rate. This response rate was very low and can be explained by the following 

three reasons. First, the Sojump service did not screen participants for their suitability prior to 

submitting the survey and therefore resulted in a large percentage of unsuitable participants. 

Second, reminders were not sent, and third, the respondents did not receive assistance from an 

interviewer to complete the survey (self-enumerated) (Statistics Canada 2010).  

3.3 Validity check 

The process resulted in 371 total responses from both China and Denmark that were reviewed 

and checked for validity. All incomplete, repeated and invalid answers were removed. 

Incomplete answers included all responses that did not complete all the compulsory questions. 

Repeated answers included all responses that were submitted from the same IP address more 

than once. Invalid answers were noted when a participant responded that they did not 
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understand the survey, responded with meaningless random letters for the optional open 

questions or selected the same option for all the questions. A total of 125 responses were 

removed from the analysis, which reduced the total valid responses to 246 (66.3%) (see Table 

2). An additional review was conducted by the research team; 25 (10%) of the 245 valid answers 

were randomly selected to confirm the company name, size and contact information (the 

participant was permitted to voluntarily provide their information for future contact after the 

survey). All 25 responses were valid; the company name represented an existing company, and 

the contact information (if provided) was valid and consistent (i.e., the company name and size 

matched the public information). 

Table 2 Overview of deleted answers from China (CN) and Denmark (DK) 

 CN  DK Total  

Total answers 252 119 371 

Deleted answers    

Invalid answers 86 1 87 

- Incomplete answers 1 36 37 

- Repeated answers 0 2 2 

Valid answers 165 (65.5%) 80 (68%) 245 (66.3%) 

3.4 Sample Characteristics 

The final sample included 165 responses from China and 80 responses from Denmark. The 

sample included a wide spectrum of company sizes that ranged from micro to large. Table 3 

and Table 4 illustrate the distribution of companies and the total number of employees. Both 

the number of total employees and the number of non-production employees were recorded 

during the survey. Non-production employees were not directly engaged in the production 

process. This information increased the equivalency between China and Denmark because 

many Chinese manufacturing companies employ a large number of production employees, but 

Danish companies often outsource their manufacturing processes to other countries (Hansen 

and Ahmed-Kristensen 2010). 

Table 3 Distribution of companies for total number of employees 

 Size class (total number of employees)  

 <10 10-49 50-199 200-499 500-1000 >1000 Total  

CN (n=165)        

Number of 

companies 

1 

(0.6%) 

3 

(1.8%) 

27 

(16.4%) 

49 

(29.7%) 

44 

(26.7%) 

41 

(24.8%) 

165 

(100%) 

DK (n=80)       

Number of 

companies 

6 

(7.5%) 

26 

(32.5%) 

24 

(30.0%) 

11 

(13.8%) 

3 

(3.8%) 

10 

(12.5%) 

80 

(100%) 

Table 4 Distribution of companies for total number of non-production employees 

 Size class (total number of non-production employees)  

 <10 10-49 50-199 200-499 500-1000 >1000 Total  

CN (n=165)        
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Number of 

companies 

5 

(3.0%) 

66 

(40.0%) 

50 

(30.3%) 

22 

(13.3%) 

11 

(6.7%) 

11 

(6.7%) 

165 

(100%) 

DK (n=80)       

Number of 

companies 

21 

(26.3%) 

30 

(37.5%) 

18 

(22.5%) 

3 

(3.8%) 

2 

(2.5%) 

6 

(7.5%) 

80 

(100%) 

To compare the differences in company size for Denmark and China, one-way ANOVA tests 

were conducted. The results indicated that in the sample, Chinese companies were significantly 

larger than Danish companies both in terms of total employees (M(CN)=4.55, SD(CN)=1.123; 

M(DK)=3.11, SD(DK)=1.432, F(1,243)=72.874, and p=.000) and the number of non-

production employees (M(CN)=3.01, SD(CN)=1.237; M(DK)=2.41, SD(DK)=1.384, 

F(1,244)=11.463, and p=.001). 

The survey collected information regarding the positions held by the respondents in their 

company. Respondents held various positions, including business owners, top managers, mid-

level managers, and employees. Respondents were involved in various functions of the 

company’s engineering design activities (e.g., R&D, production, management and marketing), 

and their diverse backgrounds provided insights from several perspectives.  

The survey included a question about the respondents’ experience in product development (see 

Table 5). The Chinese respondents had significantly less experience in product development 

than the Danish respondents (as determined by one-way ANOVA tests, M(CN)=1.97, 

SD(CN)=.768; M(DK)=2.33, SD(DK)=.897, F(1,243)=10.304, and p=.002).  

Table 5 Respondents' experience in product development 

 Years of experience in product development 

 <5 years 5-10 years >10 years 

CN (n=165)    

In general 51 (30.9%) 68 (41.2%) 46 (27.9%) 

For foreign markets  95 (57.6%) 45 (27.3%) 25 (15.2%) 

DK (n=80)    

In general 23 (28.7%) 8 (10.0%) 49 (61.3%) 

For foreign markets  30 (37.5%) 6 (7.5%) 44 (55.0%) 

3.5 Case studies 

In addition to the survey data, four case studies were conducted to support the survey results 

with a qualitative analysis. Two Danish companies and two Chinese companies were included 

in the case studies; all were manufacturing companies and exported products to foreign markets 

(see Table 6). All four companies were among the leading players in their home markets, and 

they all applied plan-driven product development processes that were comparable to a generic 

product development process (Ulrich and Eppinger 2011). The case companies varied in size 

and industry. Because this study focuses primarily on a qualitative analysis of the survey 

findings instead of a quantitative analysis of the companies, these differences were not deemed 

critical.  
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Table 6 Overview of the four cases analysed in this study 

Company Company A Company B Company C Company D 

Country Danish Danish Chinese  Chinese 

Product Medical 

devices 

Medical 

devices 

Lighting 

LEDs 

Consumer 

electronics 

Registration date 2001 1985 2007 1994 

Size (Total employees) Approx. 500 31 Approx. 1300 Approx. 6000 

Size (Non-production 

employees) 

Approx. 150 19 Approx. 500 Approx. 4000 

For each case, interviews were conducted with employees who were involved in product 

development (e.g., project management and design). The research team conducted a total of 11 

interviews with 11 different interviewees. The interviews were audio recorded with permission 

and were semi-structured to ensure consistency across the cases by using the same questions 

and allowed interviewees to answer freely. The interviews were conducted in English for the 

Danish companies and in Chinese for the Chinese companies. The interview language was 

selected based on the interviewee’s preference. The interviews were analysed in the original 

language. The key issues discussed in the interviews include the following:  

1) the product development process utilised by the company,  

2) the stage of the product development process that design requirements were identified, 

3) the sources were used to identify design requirements, 

4) changes to design requirements and at what stage in the process they were permitted, 

5) factors that influenced design requirements, and 

6) how processes differed for home and foreign markets. 

In addition, documents from three companies (A, C and D), including product development 

process documents and requirement documents, were reviewed during the data analysis. The 

research team was not able to access documents from Company B due to confidentiality issues. 

The data overview is presented in Table 7. 

Table 7 Overview of data collected from the four cases 

Company Company A Company B Company C Company D 

Interviewees Managing Director  

Marketing Manager  

Quality Manager  

R&D Manager 

Designer  

Product 

Manager 

Product Manager  

Project Manager  

Technologist 

Managing 

Director  

Product 

Manager 

Documents 

reviewed  

Process doc. 

Requirement doc. 

N/A  Process doc. 

Requirement 

doc. 

Process doc. 

Requirement 

doc. 

4 Survey Results 

This section presents the results from the survey. The survey results and the four case studies 

are assessed in greater detail in Section 5. The primary focus of this study is on the home market; 

therefore, all results refer to designing products for the home market unless otherwise stated. 
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4.1 Identifying and Changing Design Requirements 

Danish companies and Chinese companies were compared to determine at which stage of the 

product development process the design requirements were identified. The respondents were 

asked to select the stage(s) during which they identified design requirements. The generic model 

by Ulrich and Eppinger (2011) was used as a reference.  

Figure 1 illustrates the percentage of Danish and Chinese companies that identified design 

requirements at each stage of the product development process. Respondents were able to select 

multiple stages. In Denmark, a large percentage of companies identified design requirements 

during the first two stages: the planning stage (52.5%) and the concept development stage 

(45.0%). Fewer than 20.0% of the Danish firms identified design requirements during any of 

the remaining stages (i.e., system-level design, detail design, testing and refinement, and 

product ramp-up). The highest percentage (43.6%) of Chinese companies identified design 

requirements during the concept development stage, followed by 38.8% during the planning 

stage. More than 20% of Chinese firms identified design requirements during the later stages; 

however, this was less than for the first two stages. These results indicate that more Chinese 

companies identified design requirements during the later stages of the product development 

process. 

 

Figure 1 The stage(s) in the product development that companies identified design requirements. 

The Chinese and Danish companies reported that design requirements were identified at each 

stage of the product development process; these results were tested by one-way ANOVA. The 

results are reported in Table 8 and indicate that Danish companies significantly more often 

identified design requirements during the planning phase, and Chinese companies significantly 
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more often identified design requirements during the system-level design and production ramp-

up stages.  

Table 8 Differences in the identification of design requirements at each stage for Denmark (DK) and China (CN) 

Stage  DK (n=80) CN (n=165) Difference between DK and CN 

M SD M SD F(1,243) Sig. 

Planning .53 .503 .39 .489 4.163 .042* 

Concept development .45 .501 .44 .497 .040 .841 

System-level design .19 .393 .32 .468 4.860 .028* 

Detail design .20 .403 .29 .456 2.310 .130 

Testing and refinement .14 .347 .24 .430 3.622 .058 

Production ramp-up .04 .191 .21 .406 12.449 .001** 

* p < .05, **p < .01, ***p < .001 

Respondents were asked to indicate which stage(s) in the product development process that 

changes were made to design requirements. Figure 2 illustrates the percentages of Danish and 

Chinese companies that change design requirements at each stage in the product development 

process. The largest number of Danish companies (35.0%) changed requirements during the 

concept development stage. The largest number of Chinese (47.9%) changed requirements 

during the testing and refinement stage. It appears that Danish companies identified and 

addressed changes early in the product development process, but Chinese companies identified 

changes during the testing stage.  

 

Figure 2 The stage(s) of the product development process that companies changed design requirements. 

The one-way ANOVA tests indicated that significantly more Chinese companies changed 

design requirements during the later stages of the product development process (i.e., the detail 
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design stage, the testing and refinement stage or the product ramp-up stage) than Danish 

companies (see Table 9).  

Table 9 Differences in the stages that design requirement changes were permitted for Denmark (DK) and China 

(CN) 

Stage  DK (n=80) CN (n=165) Difference between DK and CN 

M SD M SD F(1,243) Sig. 

Planning .18 .382 .18 .387 .017 .897 

Concept development .35 .480 .27 .447 1.535 .217 

System-level design .26 .443 .33 .473 1.260 .263 

Detail design .28 .449 .43 .497 5.599 .019* 

Testing and refinement .25 .436 .48 .501 12.199 .001** 

Production ramp-up .09 .284 .23 .422 7.492 .007** 

* p < .05, **p < .01, ***p < .001 

A comparison was conducted between the home and foreign markets of the Danish and Chinese 

companies to determine if there were differences in when design requirements were identified 

and changed (see Table 10). As in the prior results, for both home market and foreign markets, 

Chinese companies identified and changed design requirements during the later stages in 

product development, and the Danish companies changed design requirements during the 

earlier stages in product development. Therefore, it is reasonable to state that differences in 

identifying and changing design requirements between Danish and Chinese companies were 

primarily due to the country of origin of the companies. The target market context (i.e., whether 

the product was developed for western markets or emerging markets) may have affected these 

differences, but does not appear to be the primary reason for these differences in this case. 

Table 10 Differences in identifying and changing design requirements at each stage for China (CN) and 

Denmark (DK) when designing for foreign markets 

Stage  DK (n=80) CN (n=165) Difference between DK and CN 

M SD M SD F(1,243) Sig. 

Identifying design requirements 

Planning .54 .502 .44 .498 1.953 .164 

Concept development .54 .502 .41 .494 3.438 .065 

System-level design .25 .436 .39 .489 4.594 .033* 

Detail design .24 .428 .33 .473 2.351 .127 

Testing and refinement .19 .393 .35 .477 6.599 .011* 

Production ramp-up .06 .244 .24 .430 12.113 .001** 

Changing design requirements 

Planning .18 .382 .22 .418 .789 .375 

Concept development .39 .490 .25 .437 4.601 .033* 

System-level design .34 .476 .39 .490 .728 .394 

Detail design .33 .471 .50 .502 7.057 .008** 

Testing and refinement .28 .449 .50 .502 11.902 .001** 

Production ramp-up .11 .318 .30 .458 10.499 .001** 

* p < .05, **p < .01, ***p < .001 
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4.2 Influential Factors 

Three influential factors (i.e., users, competition and regulations) were analysed in this study 

through two constructs. The first construct was contribution and was measured by how much 

each factor contributed to identifying the requirements during the product development process. 

The second construct was difficulty and referred to how difficult it was to identify requirements 

when considering these factors. 

4.2.1 Contribution to design requirements 

Table 11 presents the descriptive statistics of the three factors and the differences for the Danish 

and Chinese companies (one-way ANOVA test). No significant differences were observed for 

users and regulations for the Danish and Chinese companies. However, the competition’s 

contribution was rated significantly different for the Danish and Chinese companies. 

Table 11 Contribution of the three factors - users, competition and regulations - to design requirements for firms 

operating in Denmark (DK) and China (CN) 

Factor  DK  CN (n=165) Difference between CN and DK 

M SD M SD F Sig 

Users 3.61 (n=80) 1.355 3.62 .836 .007 (1,243) .934 

Competition 2.76 (n=78) 1.197 3.69 .867 47.715 (1,241) .000*** 

Regulations 3.42 (n=78) 1.419 3.39  1.057 .032 (1,241) .858 

* p < .05, **p < .01, ***p < .001 

The differences of the three factors were analysed in greater detail for each context by using 

the Kruskal-Wallis Test. The results indicated that the differences in contribution among the 

three factors were significant for the Danish companies [χ2(2) = 19.131 p = 0.000] and the 

Chinese companies [χ2(2) = 6.660 p = 0.036]. Post hoc tests (Mann-Whitney Test) were 

conducted to analyse the differences in contribution for the three factors (results presented in 

Table 12).  

Table 12 Comparison of the influential factors’ contribution to design requirements 

Comparison of the factors DK (n=78) CN (n=165) 

 Z Sig (1-tailed) Z Sig (1-tailed) 

Users vs. competition -4.317 .000*** -.694 .244 

Users vs. regulations -.789 .215 -1.860 .032* 

Competition vs. regulations -3.075 .001** -2.442 .008** 

* p < .05, **p < .01, ***p < .001 

As illustrated in Figure 3, among Danish companies, competition contributed significantly less 

to design requirements than users and regulations; the analysis did not determine any significant 

difference between users and regulations. For Chinese companies, both users and competition 

contributed more to design requirements than regulations, and the analysis did not determine 

any significant differences between users and competition. These results indicate that Chinese 
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companies focus more on competition and users, and Danish companies focus on users and 

regulations when considering design requirements. 
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Figure 3 The contribution of users, competition and regulation to design requirements 

4.2.2 Difficulty in identifying design requirements 

To measure the difficulty associated with the three factors, respondents were asked to identify 

the level of difficulty for identifying design requirements when considering the factors. Table 

11 presents the descriptive statistics of the three factors and the differences for companies that 

operated in Denmark and China (one-way ANOVA test). For all three factors, the rating was 

significantly higher in China than in Denmark. These results could have occurred for two 

reasons: 1) Design requirements were more challenging for Chinese companies than for Danish 

companies, or 2) Chinese respondents, in general, responded with higher ratings. Therefore, the 

relative rates between the three factors within each context were more valuable in this case. 

Table 13 The difficulty in identifying design requirements when considering users, competition and regulation 

for Denmark (DK) and China (CN) 

Factor  DK  CN (n=165) Difference between CN and DK 

M SD M SD F Sig 

Users 2.01 (n=80) .968 2.81 .968 38.032 (1,243) .000*** 

Competition 2.35 (n=78) .965 2.94 1.016 18.636 (1,241) .000*** 

Regulations 2.31 (n=78) 1.061 2.76 .989 10.463 (1,241) .001** 

* p < .05, **p < .01, ***p < .001 

The Danish companies reported the most difficulty in identifying design requirements when 

considering competition, followed by regulations and users. For the Chinese companies, the 

most problematic factor for design requirements was competition, but users were reported to be 

more difficult than regulations. However, the Kruskal-Wallis Test did not result in any 

significant differences in difficulty between the three factors for Danish companies [χ2(2) = 

4.215 p = 0.122] or for Chinese companies [χ2(2) = 2.437 p = 0.296].  

5 Discussion  

In this section, the survey results and the supplementary data from the four case studies are 

discussed. The differences in identifying and changing design requirements for Danish and 
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Chinese companies are first interpreted, then explained in Section 5.1 and discussed in greater 

detail in relation to the three influential factors in Section 5.2. 

5.1 Identifying and Changing Design Requirements 

The survey results indicated that for both Danish and Chinese companies, design requirements 

were identified during the entire product development process. However, for Danish companies, 

most of the requirements were identified during the early stages of the product development 

process, (i.e., the planning stage and the concept development stage); this trend was less evident 

in the Chinese companies. Jagtap et al. (2014) study that analysed the design process for BOP 

and TOP addressed similar issues related to the emerging markets context. Their results 

indicated the BOP designers were more engaged in clarifying design objectives, and the BOP 

designers were more information intensive. These differences suggested that the market-context 

(e.g., BOP and TOP) could influence the design processes. One of the primary explanations the 

researchers provided for this difference was that the BOP designers were less familiar with the 

design tasks because none of the participants were from the BOP strata. In contrast, this study 

investigates design requirements in manufacturing companies operating in western countries 

and emerging markets, and provides a broader perspective by analysing different companies 

and extends the focus from designers to external factors (e.g., users, competition, and 

regulations).  

The Danish practice is similar to methods described in numerous product development models 

(e.g., Ulrich and Eppinger 2011). The study results indicate that design requirements and 

product development processes co-evolve. Changes to design requirements were noted for the 

Danish firms, but most of these changes occurred during the concept development stage and 

decreased along the process. The experiences reported by the Danish companies are similar to 

other studies that were conducted in a western context. For example, Chakrabarti, Morgenstern, 

and Knaab (2004) observed in a design experiment that requirements were identified primarily 

during the task clarification phase and increasingly less during the subsequent phases. Ahmed 

and Kanike (2007) analysed over 1500 reports and determined that changes to design 

requirements were more likely to occur during the development and prototype phase and more 

than likely to occur during the design phase, before changes were documented. This consistency 

is expected because most product development models were constructed based on the 

developed western context.  

For Chinese companies, the majority of requirements are identified during the early stages of 

the product development process. However, significantly more requirements are identified later 

in the product development process for Chinese companies than for Danish companies. In 

addition, most Chinese companies permitted changes to design requirements at later stages of 

the product development process, which appears to contradict western practices and models. 

Changes in design requirements that occur late in the product development process were noted 

in both Chinese cases. For Company C (Chinese), around 10% of the projects accepted late 

changes in the requirements (Managing Director, Company C). For Company D (Chinese), 

requirements were changed for 20% of the projects (Product Manager, Company D). These 

changes were permitted during any stage of the product development process, and 
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modifications were permitted even after the product had been delivered to the market. Three 

explanations for these differences are provided.  

The first explanation relates to the organisation and the processes for identifying requirements 

in Chinese companies. For the two Chinese case companies (Company C and D), the 

information collection and requirement specification processes were separated and conducted 

by different teams. Information related to the requirements was first collected by an independent 

team (often from the marketing department) and then delivered to product managers. Then, the 

product manager compiled the information into design requirements for a specific project. 

Conversely, the information collection and requirement specification processes were conducted 

by the same person for both Danish cases (Company A and B). The Chinese product managers 

who manage the design requirements may have a limited understanding of the collected data, 

if all requirement information is collected by the marketing department. In addition, when 

requirements are formulated by a variety of experts (e.g., marketing), designers have more 

difficulty in fully understanding the precise meaning or implications of the information (Haug 

2015). However, a short physical distance between the employees (e.g., marketing 

professionals, product managers, designers and engineers) can enhance communication in 

Chinese companies. 

For the Chinese companies, the data collected by the marketing department were used for 

specifying design requirements for multiple projects, and the planning phase is simplified for 

each project and often excluded from the project process. This explains why significantly fewer 

Chinese companies identified design requirements during the planning stages. The results 

indicate that platform products (Ulrich and Eppinger 2011), where new products were based on 

established platforms, may be popular among Chinese manufacturing companies. The types of 

new products (e.g., market pull, technology push and platform products) affect design 

requirements and how they are developed (Darlington and Culley 2004).  

Second, the sources that provide requirement information affect the requirement identification 

process. The case studies indicated that end users were typically used as a crucial source of 

requirements for Danish companies. For Company A (Danish), the four primary sources that 

were used to identify design requirements included customer visits, focus groups with 

professional experts, using competitors’ products as a benchmark and management decisions. 

For Company B (Danish), the most important sources for design requirements were customers 

(either through direct contact or feedback through sales or distributors), internal R&D teams 

and regulations. In contrast, Chinese companies more often generated design requirements by 

benchmarking competitors’ products and learning from best practices. Company C (Chinese) 

primarily benchmarked their design requirements against competitors’ products, particularly 

from advanced competitors in Northern America. Company D (Chinese) combined 

benchmarking and sales data (e.g., sales records) and additional data from user studies to 

develop design requirements. In general, Chinese companies place less importance on field 

studies, which allows them to spend less time identifying requirements early in the process. 

However, companies may make changes in requirements late in the process when they are 

highly dependent on benchmarking and sales data, particularly in a highly competitive market 

such as China. For instance, requirements may be changed late in the process because a 
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competitor launched a new product. One problem is that marketing data may be too general to 

provide designers with accurate information regarding a specific user’s situation and experience; 

this may result in a design that fails to adequately target end users’ needs (Haug 2015; McGinley 

and Dong 2011). Furthermore, it was noted that for Company C (Chinese), the development 

team informally interacted with users during the development process, and customers were 

invited to the testing and refinement stage to validate the end product. The involvement of users 

in the testing and refinement phase in Chinese companies (Li and Ahmed-Kristensen 2014) can 

result in changes to requirements late in the process.  

Third, in general, Chinese manufacturing companies spend more time on the later stages than 

the early stages of the product development process. This was noted during the analysis of the 

product development processes for the four case companies. The product development 

processes for each case company are illustrated in Figure 4 according to company documents 

and interviewees’ descriptions. For the Chinese cases, the testing and refinement stage and 

production ramp-up stage actually occurred during several stages of the process (more detailed 

steps than for Danish companies). The designed product is tested and refined in several formal 

rounds (e.g., as engineering samples or in pilot production). The product development processes 

of the Chinese companies differed from many product development models (e.g., the stage gate 

system (Cooper 2008)), for which the early stages are planned in greater detail. This indicates 

that Chinese companies strongly focus on correcting errors, which results in changes late in the 

process of product development. However, product improvement is often the motivation for 

changes during the earlier stages (Sudin and Ahmed-Kristensen 2011; Ahmed and Kanike 

2007). Although costs increase when changes are made late in the process, late changes are also 

more feasible because Chinese companies own their manufacturing facilities and utilise 

relatively cheaper human resources. 
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Figure 4 Product development processes in case companies 

5.2 Influential Factors 

In the survey, three factors (users, competition and regulations) were investigated for each 

context, i.e., western and emerging markets. The results indicated differences in these three 
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factors for the two contexts. This section discusses the effects of these differences on the 

identification and change of design requirements during the product development process.  

The difficulty in identifying requirements when considering the different factors was not 

significantly different. However, significant differences were noted for the contribution of each 

factor to design requirements. Specifically, competition contributed the least for Danish 

companies but contributed the most for Chinese companies. It appears that Chinese companies 

focused more on competition when they identified design requirements.  

This strong focus on competition among Chinese companies may be a result of inherent features 

of the Chinese market. The large number of competitors in the Chinese market, and particularly 

local unbranded competitors, result in incredibly severe market competition (Sheth 2011). 

Furthermore, the majority of emerging markets have a low per capita income (Kuepper 2016; 

Heakal 2015) and are considered low-end or middle-end markets. In this study, both Danish 

cases (Companies A and B) targeted the high-end market; their products were specialised for a 

small group of users. The products of both Chinese cases (Companies C and D) targeted the 

middle and low-end markets. Middle and low-end markets are generally larger, particularly in 

China. This makes it easier for Chinese companies to meet customer needs. Conversely, the 

lack of significant barriers stimulates the development and production of a large number of 

competitive products and substitutes, which drives companies to prioritise competition during 

the product development process. Companies that compete in a competitive market with mass 

products should carefully observe customers reactions and make improvements to products 

accordingly (Fricke et al. 2000).  

As a consequence, competition pressures Chinese companies to respond quickly. The response 

time is of great importance, and speed becomes important during the product development 

process. Therefore, the process for identifying design requirements should be effective and 

conducted as quickly as possible. Unlike the western context that is engaged in quality-based 

competition, companies in Asian emerging countries generally employ a price-based 

competition strategy (Er 1997). Rather than focusing on product differentiation and adding 

considerable value to products, Chinese companies generally launch products that are similar 

to existing products with only minor modifications, which requires less time and effort spent 

on identifying requirements, particularly during the early stages of the product development 

process.  

In addition, for the Chinese companies, regulations contributed significantly less to design 

requirements than users and competition; the companies were less challenged by the effects of 

regulations during the requirement identification process. This result indicates that Chinese 

companies may be less concerned about regulations and may have less problems with 

regulations when addressing design requirements.  

Compared to western markets, emerging markets are, in general, less regulated. Less regulation 

allows companies to operate with more freedom and less control. Conversely, this type of 

environment may make competition more chaotic. Less effective intellectual property right 

protections and imitators in the markets may discourage companies from engaging in 

fundamental innovation, which strengthens the focus on competition among Chinese companies.  
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In a well-regulated market, a well-formulated product development process is often required, 

particularly for certain industries such as medical devices. For example, both Danish case 

companies that were analysed in this study had implemented a stage-gate product development 

model for more than 10 years, which requires more standardised methods of identifying design 

requirements. In contrast, companies operating in emerging markets often believe that a formal 

product development process is not necessary (Donaldson 2006). The Chinese manufacturing 

industry, in general, is less knowledgeable and has less experience with product development 

models. For example, the two Chinese companies had structured their engineering product 

development processes within the last five years. Company C stated that they implemented the 

Integrated Product Development (IPD) model with support from an external consultant. 

However, internal employees did not well understand the model. This indicates that the product 

development process (including identifying and changing design requirements) in Chinese 

companies is generally less standardised, which provides another explanation for the 

differences between the Danish and Chinese companies.  

6 Implications and Conclusion 

This study compared the processes used by western and emerging markets to identify and 

change design requirements by contrasting the practices of Danish and Chinese companies. 

This study analysed when the requirement identification took place during the product 

development process and at what stage changes to requirements were permitted. Three 

influential factors that included users, competitions and regulations were investigated for each 

context; in addition, their influence on design requirements was analysed. This study reviewed 

primary quantitative data that were collected through a survey that resulted in 80 Danish 

responses and 165 Chinese responses. In addition, this study reviewed secondary qualitative 

data from two Danish case companies and two Chinese case companies.  

The results demonstrate distinct differences between the Danish and Chinese companies. The 

Danish companies had a stronger focus on identifying design requirements during the early 

stages of the product development process. The Chinese companies permitted more changes to 

design requirements during the later stages of the product development process. Competition 

and regulations affected the differences between the western and emerging markets.  

From an academic perspective, this study provides an understanding of design requirements 

and extends the understanding from the conventional context of western markets to emerging 

markets. The study indicates that current stage-gate product development models are limited 

with respect to identifying design requirements. It is unclear, with those models, how to present 

how when design requirements are identified and changed throughout the product development 

process, particularly for Chinese firms. This study noted differences in the co-evolution 

between design requirements and product development processes for companies operating in 

western countries and emerging markets. Specifically, this study indicated that competition and 

regulations directly influenced design requirements for the two contexts. 

This study has practical implications for practitioners of both western and emerging markets. 

The results revealed that Chinese companies and Danish companies focus their efforts on 

identifying design requirements during different stages of their product development processes. 
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The analysis implies that Chinese companies respond quickly to changes but may lack thorough 

and systematic user studies. This Chinese practice may be an effective method to react to intense 

competition for middle and low-end markets and/or in a less-regulated market. It is suggested 

that companies adapt their product development processes and approaches to the specific 

context.  

Future studies should investigate this issue in greater detail by analysing multiple countries in 

both western and emerging markets. By doing so, the findings can be tested and generalised to 

a larger sample. In addition, this study demonstrated that the context of the origin (i.e., from 

western countries or emerging markets) of the manufacturing companies was the primary 

reason for the differences in when the different companies identified and changed design 

requirements. However, the target market (i.e., whether the product was developed for western 

markets for emerging markets) may also affect this practice. This should be explicitly 

investigated in a future study. 
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6.2 Challenges of identifying design requirements for emerging markets 
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Appendix B – Survey I 

 



Thank you for finding the time for this survey.

The survey was designed by a research group from Technical University of Denmark. The
research aims at generating supportive design methods for Danish companies to develop
products for emerging markets. It is part of the Global Opportunities for Danish SMEs in
Emerging Markets project (www.godsem.dk), which is funded by Industriens Fond with 4 million
DKK. This survey is for gaining an initial understanding about the practice and challenges when
developing products for emerging markets. Hence, we are sending this survey to companies
which have experience in emerging markets or have potential interests in them. Your input is
greatly appreciated and will contribute to the Danish industry.

The survey will take about 10 minutes. All data will be kept confidential and respondents will be
kept anonymous. If you have any questions regarding the survey, please don't hesitate to
contact us:

Xuemeng Li: xuemli@dtu.dk (PhD student)

Saeema Ahmed-Kristensen: sakr@dtu.dk (Professor)

Thanks again for your time and efforts.

Information

Survey I

1

http://www.godsem.dk
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About the company

Survey I

1. What is the name of the company where you work?*

2. What is the size of your company (number of employees)?*

Micro (< 10)

Small (10-50)

Medium (51-250)

Large (> 250)

3. What is the industry sector of the your company?*

Material

Consumer Goods

Information Technology

Automobiles & Components

Industrials

Health Care

Telecommunication Services

Energy

Other (Please specify)

4a. What is the typical length of product development projects in your company?*

< 3 months

3 - 6 months

6 months - 1 year

1 - 2 years

2 - 4 years

> 4 years

2



4b. What is the typical number of employees involved in one product development project in your
company? (in full time equivalents)
*

< 5

5 - 10

11 - 20

21 - 50

51 - 100

> 100

4c. What is the typical budget-size of product development projects in your company? (in DKK)*

5. Is your company doing business in emerging markets?

(Emerging markets refer to developing countries which are growing rapidly, e.g. Brazil, China, and
India.)

*

Yes.

No, but has planned to.

No, and no plans recently.

3



About the company

Survey I

6a. What is the best description for your company's business status in emerging markets?

Sell existing new products to emerging markets (without changes).

Sell existing mature products to emerging markets (without changes).

Adapt existing products to emerging markets (with some changes).

Develop new products for emerging markets and sell them in emerging markets.

Develop new products for emerging markets and sell them in both emerging markets and western markets.

Other (Please specify)

6b. Please explain the answers given to the previous question (business status in emerging markets)
from your company's perspective. (e.g. intended business strategy or financial constraint)

7. How would you describe your company's product development practice for emerging markets?

(Please rate from:

extremely successful - products have been sold successfully in emerging markets;

to not successful - attempted but unsucceeded in either adapting or selling products to emerging
markets)

Extremely successful

Very successful

Moderately successful

Slightly successful

Not successful

4



8. In which emerging markets is your company doing business in or planning to do business in?

Brazil

China

India

Russia

South Africa

Other (Please specify)

5



About you

Survey I

9. What is your current position in your company?*

10. What is your experience or educational background?*

Business

Design

Engineering

Management

Marketing

Sales

Other

11. How much experience do you have with product development?*

None

< 1 Year

1 - 3 Years

3 - 5 Years

5 - 10 Years

> 10 Years

12. How much experience do you have with emerging markets?*

None

< 1 Year

1 - 3 Years

3 - 5 Years

5 - 10 Years

> 10 Years

6



About you

Survey I

13. In which emerging market or markets do you have experience?

Brazil

China

India

Russia

South Africa

Other (Please specify)

7



To answer the following questions, please think of a typical product development project for the
Danish market you have been involved in or you know about.

Design requirement

Survey I

14. Do you have a formal written list of design requirements for each of your product development
project?

(Design requirement - A description that defines what the product should do (not how to do) and set up
the boundaries to product solution space, also referred to as specification.)

*

No, we develop without clearly defined design requirements.

No, but we have an informal design requirement list.

Yes, we have formally documented design requirement documents.

Other (Please specify)

15a. How much time do you usually spend on identifying design requirements in a product development
project? (Percentage of the total project time)
*

< 5%

5% - 10%

11% - 20%

21% - 30%

31% - 40%

> 40%

15b. Is the time you spend on identifying design requirements:*

before the product development process.

during the product development process.

both before and during product development process.

Other (Please specify)

8



No
contribution

Slight
contrubution

Moderate
contribution

Significant
contribution

Essential
contribution

Users and customers

The company's processes and policies (e.g. product portfolios
and organisational processes)

Competitors

Supportive infrastructures (e.g. roads, power and
telecommunications)

Technology

Regulations and standards

Suppliers, distributors, and external manufacturers

Other (Please specify)

16. How much do the following contribute to developing design requirements in your product
development projects?
*

Not at all
difficult

Slightly
difficult

Moderately
difficult

Very
difficult

Extremely
difficult

Users and customers

The company's processes and policies (e.g. product portfolios and
organisational processes)

Competitors

Supportive infrastructures (e.g. roads, power and telecommunications)

Technology

Regulations and standards

Suppliers, distributors, and external manufacturers

Other (Please specify)

17. When developing products for the Danish market, how difficult is it to identify design requirements
for the following considerations?
*

9



18. Please rank the following aspects with respect to how challenging they are during the development
of design requirements in a product development project for the Danish market.

Please be aware that the choices will be reordered automatically from the lowest number to the highest
once you choose a number. 1 stands for the most challenging aspect.

*

Requirement elicitation/collection: to collect requirements from users, regulations and other sources

Requirement analysis: to analyse and prioritise requirements and achieve agreement to satisfy all

stakeholders

Requirement documentation: to record requirements in order to make them formal through proper

specification mechanism

Requirement validation: to test and ensure that documentations accurately express the stakeholders'

needs

Requirement management: to update and support the evolution of requirements

10



To answer the following questions, please think about a product development project for
emerging markets that you have been involved in or you know about.

Emerging markets

Survey I

Not at all
influential

Slightly
influential

Moderately
influential

Very
influential

Extremely
influential N/A

Rapidly growing economy and changing market

Fragmented market (high level of product diversion)

Population in 'bottom of the pyramid' and the growing middle
class

Different cultural, social and historical context

Unstable regulatory environment

Underdeveloped local regulations

Severe competition with unbranded competitors and state
supported giant competitors

Poor-organised competition due to the regulatory environment

Underdeveloped infrastructure for supporting the products and
distribution

Shortage of supporting resources, e.g. power, material,
technology, education and finance

Other (Please specify)

19a. When developing products for emerging markets, how influential are the following aspects?

(If you don't understand one specific description, you may choose N/A)

*

11



Please specify your reasons.

19b. Please identify when developing products for emerging markets, which of these aspects is the
most influential and please explain why.
*

Rapidly growing economy and changing market

Fragmented market (high level of product diversion)

Population in 'bottom of the pyramid' and the growing middle class

Different cultural, social and historical context

Unstable regulatory environment

Underdeveloped local regulations

Severe competition with unbranded competitors and state supported giant competitors

Poor-organised competition due to the regulatory environment

Underdeveloped infrastructure for supporting the product and distribution

Shortage of supporting resources, e.g. power, material, technology, education and finance

20. What are the barriers/challenges when developing products for emerging markets?

Please choose the three most challenging aspects.

*

Unstable political and regulatory environment

Difficult to reach and understand the local regulation and to get local approvals

Poor intellectual property right protection

Overcome the impediments to distribute can be frustrating

Special constraint under the using context, e.g. a lack of supportive infrastructure and space

The shortage of financial support

High level of product diversion within or between countries

Insufficient understanding of market needs

Possibility of watering down a premium brand

Different business culture of deeply embedded networks and personalised exchange

Difficult to develop affordable products with sufficient features for local consumers

Other (please specify)
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Not at all
difficult

Slightly
difficult

Moderately
difficult

Very
difficult

Extremely
difficult

Users and customers

The company's processes and policies (e.g. product portfolios and
organisational processes)

Competitors

Supportive infrastructures (e.g. roads, power and telecommunications)

Technology

Regulations and standards

Existing suppliers, distributors, and external manufacturers

New suppliers, distributors, and external manufacturers established for
entering emerging markets

Other (Please specify)

21. When developing products for emerging markets, how difficult is it to identify design requirements
considering the following ?
*

22. Please rank the following aspects with respect to how challenging they are during the development
of design requirements in a product development project for the emerging markets.

Please be aware that the choices will be reordered automatically from the lowest number to the highest
once you choose a number. 1 stands for the most challenging aspect.

*

Requirement elicitation/collection: to collect requirements from users, regulations and other sources

Requirement analysis: to analyse and prioritise requirements and achieve agreement to satisfy all

stakeholders

Requirement documentation: to record requirements in order to make them formal through proper

specification mechanism

Requirement validation: to test and ensure that documentations accurately express the stakeholders'

needs

Requirement management: to update and support the evolution of requirements

Strongly
disagree Disagree

Neither
agree or
disagree Agree

Strongly
agree

There is a need to differentiate products sold to emerging markets from that
sold to Danish market (or Western markets).

It is more challenging to identify design requirements for emerging markets
than for Danish market (or Western markets).

23. How do you view the product development for emerging markets?*

13



More information about our research (a 4 MDKK project funded by Industriens Fond) can be
found on: www.godsem.dk

Thank you for taking the time to complete this survey

Survey I

Name

Email

Telephone

Other

Invitation to further collaboration

If you are interested in developing products for emerging markets and are interested in being a case
study for the research, or if you wish to join the Global Opportunities for Danish SMEs in Emerging
Markets project (no costs required with the possibility to join free workshops, networking, or be case
company), please set in contact.

Current partner companies (over 80 companies including 7 networks) are available on:
http://godsem.dk/members.html

Information about our next workshop in October: http://godsem.dk/events/index.html

14
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Identifying and Managing Engineering Design Requirements for Emerging Markets 

Appendix C – Interview guide for Study One 



 

 

Interview guide 
Term explanation: 
Design requirement: a description that defines what the product should do (not how to do) and set up the 

boundaries to product solution space [1], also referred to as the product description, technical specification, or 

design specification [2]. 

Emerging markets: low-income, rapid-growth countries using economic liberalization as their primary engine of 

growth [3], e.g. BRICS countries (Brazil, Russia, India, China, and South Africa).  

Interview questions: 
Product development and design requirement 

1) Can you describe the general product development process (physical products?) in your company?  

a) Do you apply any product development process model? 

b) How many phases are included and what tasks are specified in each phase? 

c) Please draw the process step by step 

2) How do you define design requirements in product development projects? What is a design requirement 

from your understanding? 

3) Can you describe the specific process that how you identify design requirements in your company? 

a) Please draw the process for design requirements step by step 

4) In which phase in your product development process, are design requirements identified? 

a) Please place the design requirement process in the product development process 

5) How much time do you spend on identifying design requirements?  

6) How much money do you spend on identifying design requirements? 

7) How many people generally work on identifying design requirements? 

8) What are their roles in the project? 

9) From where do you collect design requirements? (describe the sources of design requirements) 

a) First answer openly, then draw  on the paper, check the following if not mentioned (both human and 

non-human sources): 

 local partners, suppliers, external manufacturers 

 users and customers 

 regional infrastructures needed for the products to work in the using context 

 the market competition 

 regulation 

 your companies own policies and strategies 

 technological requirements 

10) Are there any sub-groups under each source? 

11) Evaluate each source in table 1. 

12) How do sources interact with each other? 

13) Draw the interactions and information flow in figure 3 

14) Introduce the design requirement types and finish figure 1 

15) Finish figure 2 

16) What techniques/methods do you use to identify design requirements from each source? 

17) Who is responsible for the task? 

                                                             
[1] I. Sommerville, Software Engineering (6th edition), Boston, MA, USA: Addison-WesleyLongman Publishing Co., Inc., 2001. 

[2] M.J. Darlington, and S.J. Culley, Current research in the engineering design requirement, IMechE Part B: Journal of Engineering 

Manufacture, 216 (2002), 375-388. 

[3] A. Dubiel and H. Ernst, Success factors of new product development for emerging markets, in The PDMA handbook of new 

product development, 2012, pp. 100–114. 



 

 

18) Mark out the challenges in each source 

19) Which sources will be affected when developing for emerging markets? (market-dependent sources) 
20) What aspects(perspectives) do you consider when identifying design requirements? 
21) How do you manage the changes to design requirements? 
Emerging markets 

22) What are your understandings about emerging markets? 

23) What are you motivations of entering emerging markets? 

24) What were the considerations you have before entering emerging markets?  

25) Is the reality different from your expectations? What are the differences? 

26) What are the key differences between Danish market and emerging markets from your perspective? 

27) What are your expectations in emerging markets? 

28) What are the challenges (related to product development) you are facing when approaching emerging 

markets? What are the challenges in design requirement identification for emerging markets? 

29) What have you learned from the experience in emerging markets? 

Document permission 
Ask if it is possible to have their: 

 Design requirement documents/specification  

 Project report 

 Platform requirement/specification 

 Other documents they think may be relevant  

Closing 
Thank interviewee for cooperation, inform the interviewee that a summary will be sent to him/her with the 

survey link (if requested), ask if is possible to get in contact again if there is a need for clarification of 

information. A further meeting will be discussed if the participant expresses a need for this or wishes to talk off 

the record. 

Ask for: 

 The time frame for observing? (meetings, process etc.) 

 Other people can be interviewed? 

Evaluation 
An evaluation of how the interview went and any areas for suggested improvement will be sent with the 

summary in preparation for the future interview.  

  



 

 

Interview form 
Company:   

Location:  Date:  

Start: End: Duration: 

Researcher: Xuemeng Li  

Structure: semi-structured Audio recorded:        X□Yes     □No 

Interviewee name:  Years at the company: 

Telephone: Email:  

Previous experience: 
 
 
 
 

Position in the team:  
 

Years:  

Comments: 
 
 
 
 
 

 

Evaluation form 

Is the content of the interview relevant to your business? 

 
 
 

How do you feel about the structure of the interview? 

 
 

Do you have any other comments about the interview? 

 
 

 

Design requirement types: 

 

 End user requirement: users’ expectations of the product’s capabilities, aesthetics and usability; 

 Corporate requirement: business issues and product lifecycle issues; 

 Regulatory requirement: safety/health, environmental/ecological, disposal and/or political issues; 

 Technical requirement: engineering principles, material properties and physical law etc. 
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Appendix D – Survey II 



Thank you for finding the time for this survey.

The survey was designed by a research group from Technical University of Denmark, the
Department of Management Engineering. The research aims at generating supportive design
methods for Danish companies to develop products for foreign markets. This survey will collect
fundamental information for us to understand the practice in order to develop new methods. Hence,
we invite all Danish manufacturing companies that deliver products to foreign markets to give your
input. Your participation will contribute to the improvement of our industry.

This research is part of the Global Opportunities for Danish SMEs in Emerging Markets project
(www.godsem.dk), which is funded by Industriens Fond with 4 million DKK. 

The survey will take about 15 minutes. All data will be kept confidential and respondents will be
kept anonymous. If you have any questions regarding the survey, please don't hesitate to contact
us:

Saeema Ahmed-Kristensen (Professor): s.ahmed-kristensen@imperial.ac.uk 

Jaap Daalhuizen (Assistant Professor) : jaada@dtu.dk 

Xuemeng Li (PhD student): xuemli@dtu.dk 

Thanks again for your time and efforts.

In this survey, a few relevant concept are defined as following:

Home market: the country where the company's headquarter is in.

Foreign markets: markets that are significantly different from your home market in many
dimensions, such as social, cultural, economic, and political (for example, the Asian markets to a
Danish company).

Product development process: the sequence of steps or activities which a company employs to
conceive, design and commercialize a product.

Sources for product requirements: the sources from where the relevant information is captured to
define requirements.

Perspectives of product requirements: perspectives that may raise requirements for a product, e.g.
user perspective, regulatory perspective, technical perspective.

About the survey

Survey II

1

http://www.godsem.dk
mailto:s.ahmed-kristensen@imperial.ac.uk
mailto:jaada@dtu.dk
mailto:xuemli@dtu.dk
http://godsem.dk/events/index.html


Please fill in the following background about you and the company you are working in.

Home market: the country where the company's headquarter is in.

Foreign markets: markets that are significantly different from your home market in many
dimensions, such as social, cultural, economic, and political (for example, the Asian markets to a
Danish company).

Background information

Survey II

What is the name of the company where you work?

What is your current position in the company? (e.g. product
manager, R&D director, and CEO)

1. Basic information*

less than 10 10-49 50-199 200-499 500-1000
more than

1000

Total number of employees

Number of non-production employees 
(please include people who are NOT directly
engaged in production e.g. R&D and
administration)

2. What is the size of your company (number of employees)?*

2



3. Which industry sector does your company belong to?*

Architecture, machinery, and transportation 

Furniture, retail and design

IT technology and electronics

Energy and environment

Food, agriculture, and fisheries

Health and life science

Manufacturing

Other (Please specify)

0 - 5 years 5 - 10 years more than 10 years

Product development in general

Product development for foreign markets

4. How much experience do you personally have in product development?*

5. Which foreign markets does your company sell products to?*

China

Brazil

India

Russia

Southern Europe

Eastern Europe

USA

Middle East

Latin America

Southern Asia

Other (please specify)

3



Never Rarely Sometimes Frequently Every time

We sell existing products  to foreign markets (without changes
in the design compared to the products that we sell to our home
market).

We adapt existing products  to foreign markets (with some
changes in the design compared to the products that we sell to
our home market).

We develop new products for foreign markets.

6. What is your company's business status in foreign markets?
(Please choose the frequencies of each description according to your practice.)
*

less than 10% 10% - 20% 21% - 30% more than 30%

For home market

For foreign markets

7. How much time does your company usually spend on capturing product requirements in a product
development project? 
(Please choose the percentage of the total project time.)

*

4



Please answer the following questions according to the practice in your company.

Product development process: the sequence of steps or activities which a company employs to
conceive, design and commercialize a product.

Product development process

Survey II

Yes, it
includes.

No, it
doesn't
include. I don't know

A planning stage or similar: (preparation stage) begins with corporate strategy and includes
assessment of technology developments and market objectives.

A concept development stage or similar: to define the target market, and to generate,
evaluate and select product concepts.

A system-level design stage or similar: to define the product architecture and the
decompose the product into subsystems and components.

A detail design stage or similar: to specify the geometry, material, and tolerances of all of
the unique parts in the product and to identify all standard parts to be purchased.

A testing and refinement stage  or similar: to  construct and evaluate multiple preproduction
versions of the product.

A production ramp-up stage or similar: to train the work force and to work out any
remaining problems in the production processes.

If your product development process involves other stages, please specify here:

8. Does your product development process include following stages or similar stages?
A generic product development process is used as reference here, but you may have different wording in
your practice. 

*

5



Other (please specify)

9. Is the product development process you use for foreign markets different from the one you use for your
home market?
*

Yes, we have a completely different process when developing for foreign markets.

Yes, we adapt the product development process when developing for foreign markets.

No, we use the same product development process without any changes for foreign markets.

6



Please answer the following questions according to the practice in your company.

Product development process: the sequence of steps or activities which a company employs to
conceive, design and commercialize a product.

Product development process - part 2

Survey II

10. If you use a different product development process when developing for foreign markets, please
describe how this process is different from the one used for your home market:

7



Please answer the following questions according to the practice in your company.

Product development process: the sequence of steps or activities which a company employs to
conceive, design and commercialize a product.

Requirement capturing practice in your company

Survey II

at
planning stage

at concept
development stage

at system-
level

design stage
at detail

design stage
at testing and

refinement stage

at
production
ramp-up

stage N/A

Define product requirements
when developing for your
home market

Define product requirements
when developing for foreign
markets

Change product requirements
when developing for your
home market

Change product requirements
when developing for foreign
markets

Other (please specify)

11. When do you define or change product requirements in your product development process? (Multiple
choices are allowed)
*

12. When do you capture information for defining or changing product requirements from the following
information sources? (Multiple choices are allowed)
*

8



at
planning stage

at concept
development stage

at system-
level

design stage
at detail

design stage
at testing and

refinement stage

at
production
ramp-up

stage

We
don't capturing

information
from this

information
source

From customers and
users for your home
market (e.g. product
users, buyers and
people
influence the purchasing
processes or decisions)

From customers and
users for
foreign markets (e.g.
product users, buyers
and people influence the
purchasing processes or
decisions)

From internal
stakeholders for your
home market (e.g.
engineers, designers,
managers,
manufacturers and
suppliers)

From internal
stakeholders for
foreign markets (e.g.
engineers, designers,
managers,
manufacturers and
suppliers)

From information on
products for your home
market (e.g. existing
products, and
competitive product
specifications)

9



From information on
products for
foreign markets (e.g.
existing products, and
competitive product
specifications)

From governmental
regulations and
standards for
your home market

From governmental
regulations and
standards for
foreign markets

at
planning stage

at concept
development stage

at system-
level

design stage
at detail

design stage
at testing and

refinement stage

at
production
ramp-up

stage

We
don't capturing

information
from this

information
source

Other (please specify)

10



Please answer the following questions according to the your experience and knowledge about
product development.

Sources for product requirements: the requirement origins, from where the relevant information is
captured.

Perspectives of product requirements: perspectives that may raise requirements for a product, e.g.
user perspective, regulatory perspective, technical perspective.

Your opinion on requirement capturing

Survey II

no
contribution

slight
contribution moderate contribution

significant
contribution

essential
contribution

Requirements defined from user and customer
perspective when developing for your home market

Requirements defined from user and customer
perspective when developing for foreign markets

Requirements defined from competition perspective
when developing for your home market

Requirements defined from competition perspective
when developing for foreign markets

Requirements defined from regulatory perspective
when developing for  your home market

Requirements defined from regulatory perspective
when developing for foreign markets 

Other (Please specify)

13. How much do the product requirements defined from the following perspectives contribute to product
development?
*

11



not at all
difficult

slightly
difficult

somewhat
difficult

very
difficult

extremely
difficult

To define requirements from user and customer perspective in your home
market is

To define requirements from user and customer perspective in foreign
markets is

To define requirements from competition perspective in your home
market is

To define requirements from competition perspective in foreign markets is

To define requirements from regulatory perspective in your home market is

To define requirements from regulatory perspective in foreign markets is

Other (Please specify)

14. How difficult is it to define product requirements when considering the following perspectives?*

12



More information about our research - 'Global Opportunities for Danish SMEs in Emerging Markets:
Strategies and Methods for Adaptive Product Development' project can be found on:
www.godsem.dk

Thank you for taking the time to complete this survey

Survey II

Name

Email

Telephone

Other

15.

Invitation to further collaboration

If you are interested in receiving the analysed results from us, please get in contact.

13
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Appendix E – Interview guide for Study Two 



访谈计划及问题 
 

一、基本信息介绍 
1. 介绍研究背景及需要的信息 

本次访谈服务于丹麦国际机遇和产品创新研究项目。该项目由丹麦工业基金会资助，由丹麦科技大学工

程管理学院的研究团队负责。本次研究的主要目的是了解企业在面向不同市场进行产品开发时的差异与

类同，提出新的设计方法以支持企业优化面向新市场的产品开发活动。所有收集到的信息仅供学术研究

用途并将做匿名处理。 

如有任何相关问题欢迎联系：李雪萌（丹麦科技大学博士生在读），邮件：xuemli@dtu.dk，电话：+45 

28590882。 

更多项目信息可以访问项目网站：http://godsem.dk 

感谢您的参与！ 

 

相关术语的解释说明： 

本地市场：企业所在地的市场。（企业熟悉了解的环境） 

海外市场：与本地市场在文化，社会，经济，政治等方面有显著不同的海外市场。（如欧洲市场） 

产品开发流程：企业构想，设计，开发，商业化新产品的一系列活动及步骤。 

需求来源：产品需求的来源，从哪里可以获取确定产品需求所需的信息。 

需求视角：从什么样的视角来看待产品，用于组织收集有相同特征的一类个体对于产品的要求。例如用

户的视角，技术的视角，法律法规的视角等。 

 

注：文件中红色部分为举例说明文字。 

 

2. 询问被访者基本信息并填写访谈记录表 

公司名称： 公司成立年份： 

公司规模： 

总员工数：                                                                           非生产制造员工数： 

公司本部所在地： 所属行业： 

访谈地点： 访谈日期： 

开始时间： 结束时间： 时长： 

采访者：  

访谈形式： 是否录音： 

被访者姓名： 在公司工作时间： 

电话： 电子邮件： 

职位： 在该职位的时间： 

产品开发相关经验：  

面向海外市场的产品开发相关经验时间：  

其他备注： 
 
 
 
 

mailto:xuemli@dtu.dk
http://godsem.dk/


二、关于产品开发模型/流程的问题 
1. 您公司产品主要面向哪些市场进行产品开发？ 

2. 您公司产品有销售到哪些海外市场？ 

3. 您公司是否有针对海外市场开发新产品？如有请说明是哪些海外市场？ 

4. 您所在公司销售怎样的产品到海外市场？ 

 情形 A：直接销售现有产品到海外（产品不经过任何改动） 

 情形 B：改进现有产品并销售到海外（产品经过部分改动） 

 情形 C：面向海外市场开发新产品 

 

您所在公司销售到海外的产品大约有百分之多少是情形 A？                                       % 

您所在公司销售到海外的产品大约有百分之多少是情形 B？                                       % 

您所在公司销售到海外的产品大约有百分之多少是情形 C？                                       % 

 

5. 请描述您公司的产品开发流程（最好可以提供产品开发流程图文件）。包含几个步骤，每一步的大概

内容。 

6. 您公司是否使用不同的或改进过的产品开发流程进行面向海外市场的产品开发？如果是，请解释不同

之处在哪里。 

 

三、关于设计需求提取的问题 
7. 请描述您公司是如何提取产品需求的？您所在公司是否有提取需求的标准流程？如果该流程包含哪些

步骤及活动？如果没有，请以具体项目为例描述产品需求的提取确认过程。 

8. 以下确认产品需求的活动分别是在产品开发流程中的哪一步或者哪几步进行的？ 

需求提取活动 产品开发流程步骤 

信息收集：从不同来源收集相关信息  

分析信息：分析解决信息中的冲突，疏漏，重

复，不连贯等问题 

 

细化需求：细化信息为具体正式的产品需求  

验证需求：验证信息是否与信息来源本意保持一

致 

 

例如，该企业在概念设计阶段（产品开发流程步骤）收集信息，则填写： 

需求提取活动 产品开发流程步骤 

信息收集：从不同来源收集相关信息 概念设计 
 

以上活动的分布在面向国内市场和海外市场是是否有差异？如果有，请描述具体的不同在哪里。 

没有差异 

9. 您认为通过以下视提取出来的需求对产品开发的成功影响有多大？ 

请以 1-5 分进行打分，5 分为影响巨大，1 分为没有影响 

视角 对产品开发的影响 

 本地市场 海外市场 

用户以及客户   

市场竞争   

法规制度    

技术 （新技术应用）   

 



例如，该被访者认为通过用户以及客户视角提取出来的产品需求对产品开发的成功在本地市场有巨大影

响为 5 分，在海外市场影响普通为 3 分，则填写： 

视角 对产品开发的影响 

 本地市场 海外市场 

用户以及客户 5 3 

10. 您认为通过以下视角提取需求的过程分别有多困难？ 

请以 1-5 分进行打分，5 分为非常困难，1 分为不困难 

视角 提取需求的困难程度 

 本地市场 海外市场 

用户以及客户   

市场竞争   

法规制度   

技术 （新技术应用）   

例如，该被访者认为通过用户以及客户视角提取产品需求的过程在本地市场不困难为 2 分，在海外市场

非常困难 5 分，则填写： 

视角 对产品开发的影响 

 本地市场 海外市场 

用户以及客户 2 5 

11. 您所在公司一般从哪里来源提取用户视角的设计需求？ （例如，直接询问客户，设计师自己观察提出

需求等） 

12. 您所在公司一般从哪里来源提取市场竞争视角的设计需求？ （例如，竞品分析，市场调研等） 

竞争产品分析，性价比 

13. 您所在公司一般从哪里来源提取法规制度视角的设计需求？ （例如，咨询律师，研究法规文件等） 

14. 您所在公司一般是在产品开发的哪一步或者哪几步从以下来源收集信息以便提取产品需求的？ 

需求来源 产品开发流程步骤 我们的需求提

出过程中不涉

及这个来源 

 本地市场 海外市场  

外部客户，包括产品使

用者，购买者以及影响

产品购买决策的人 

   

内部成员，包括公司员

工（工程师，设计师，

管理层等）以及供应商

和生产商 

   

产品信息，现有产品的

信息研究，包括公司已

有产品以及竞争产品 

 
 
 

  

政府法规以及行业标准    

其他信息，请补充 

技术，新技术，新材料 

 
 

  

例如，在本地市场该企业在项目筹划阶段和概念设计阶段向外部客户收集信息，在海外市场该企业仅在

概念设计阶段向外部客户收集信息，则填写： 



需求来源 产品开发流程步骤 我们不从这一

来源收集需求

信息 

 本地市场 海外市场  

外部客户，包括产品使

用者，购买者以及影响

产品购买决策的人 

项目筹划，概念设计 概念设计  

如果该企业在收集需求信息的时候不包含某一信息来源则选择标注‘我们不从这一来源收集需求信息’： 

需求来源 产品开发流程步骤 我们的需求提

出过程中不涉

及这个来源 

 本地市场 海外市场  

外部客户，包括产品使

用者，购买者以及影响

产品购买决策的人 

  
√ 

15. 在面向本地市场和海外市场的需求提取过程是否还有其他的差异？如果有，请说明不同之处在哪里。 

16. 是否有其他关于面向海外市场提取产品开发需求的意见及建议？ 

四、结束 
感谢参与者的合作。之后会将访谈信息总结发给参与者。询问如有需要是否可以联系参与者对不清楚的

地方做进一步的解释说明。如可能，请提供以下文件（仅作研究用途，如有必要可以签署保密申

明）： 

 产品开发流程文件 

 一个产品开发项目的需求文件以及项目报告（可以选择企业认为最成功的案例） 
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Appendix F – Templates for the PRE toolkit 



Appendix F-1 Templates for the PRE toolkit - The perspective table

Perspective Definition Simple Personas

User
Customer needs and users’ expectations about 

the product’s capabilities, experience, 

aesthetics, usability, etc. 

Organisational and 

business

Business concerns that affect the product 

design, such as the strategic plans, business 

situations, financial status, and marketing.

Competition
The concerns about competition situation and 

competitive landscape in the target market.

Regional 

infrastructure

The condition of the services and facilities in the 

region that are necessary for the product to 

function, e.g. roads, electrical grids, water 

supply and telecommunications.

Technical
The technical aspects that a product must fulfil, 

e.g. technical functions, technical performance 

and engineering requirements.

Regulatory

The governmental regulations, certifications, 

and international and regional standards on 

issues such as safety/health, environment/ 

ecology, disposal and polity.

Other external 

stakeholders

Expectations concerning the product from 

external stakeholders involved in the product life 

cycle, excluding users but including suppliers, 

manufacturers, distributors, business partners 

etc.

 The perspective table - Phase 0: Collect input

Perspective Table



Appendix F-2 Templates for the PRE toolkit - The requirement table

User
Organisational and 

business
Competition Regional infrastructure Technical Regulatory

Other external 

stakeholders
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Requirement Table

 The requirement table - Phase 1: Categorise Requirements and Identify Gaps



Appendix F-3 Temaplates for the PRE toolkit - The task table

Identify a 

new 

requirement

Validate an 

existing 

requirement

T1

T2

T3

T4

T5

T6

T7

T8

T9

T10

 The task table - Phase 2: Make an Action Plan

Type

Task Table
No. Identified gaps and requirements that need to be 

validated from previous phase

Clarification Sources



Appendix F-4 Templates for the PRE toolkit - The action plan

Source For Tasks? Who? How? Time Priority Comments

Action Plan

The action plan - Phase 2: Make an Action Plan




