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Abstract 
 

This study examines how project complexity in low technology-intensive small- and medium-sized enterprises (SMEs) contribute in 

implementation of open innovation practices, during their new product development projects. The main focus of this paper is to investi-

gate the critical role of complexity in the project level to identifying the compatibility of those external sources involved in NPD. The 

low technology-intensive sector in Spain were chosen as a target context, there were many innovative SMEs operating in these industries 

and because these sectors were going through significant changes. Four external knowledge sources, Universities, suppliers, customers 

and competitors and four open innovation practices, Community, Platform, Partnership and seller-buyer agreement, in the new product 

development were identified. The study shows that in SMEs, project complexity plays an important role in selecting the external source 

and implementation of open innovation practices. The main conclusion of the study is that the external collaboration in new product de-

velopment projects is determined by different dimensions of project complexities and in projects with different type of complexity, the 

SMEs follow different external knowledge sources and open innovation practices. The study results imply that SMEs benefit from open-

ing up their innovation process in the new product development projects. The firms in this study employed a blend of strategies that is 

more compatible with dimensions of project complexity. They collaborated actively with different external knowledge source and differ-

ent modes of collaboration, when they have determination of different dimensions of project complexity. Also, the study extends under-

standing of the strategic use of open innovation in SMEs by demonstrating how SMEs balance the risk of project complexity built on 

new product development and the benefit of creating a wider capability base with partnerships.  
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1. Introduction 

New product development (NPD) refers to a focal point in compe-

tition that leads to many advantages, including higher product 

quality and a shorter time to market. Organizations are able to 

reach markets faster and more efficiently and might succeed in 

generating a sustainable competitive advantage that is not easy for 

their rivals to imitate. Therefore, NPD results not just in access to 

new markets but also in improvements to the competitiveness of 

companies and facilitates relationships with other firms (Veliyath 

et al., 2000). One of the main issues is the necessity to mobilize 

not only internal resources but also external actors in new product 

development. Thus, the process of development entails a series of 

actions that cut across many different functions, both external and 

internal, of an organization, and an increase in product perfor-

mance and technological complexity will build relationships with 

important suppliers to contribute to the success of any organiza-

tion. Regarding the advantages of integrating external innovation 

sources into the NPD process, many companies utilize a Japanese-

style policy for their suppliers. When they become responsible for 

designing the whole system as well as subassemblies, they are 

integrated systematically into the design and production process of 

the organization (Bell, 1999; Chesbrough et al., 2006; Karmarkar, 

2004; Schulttze and Stabell, 2004; Tidd and Hull, 2003). There-

fore, the innovative bonds among a lead manufacturer and the 

nearby group of external suppliers play a key role in generating 

flexibility, and they are assumed to be the main key to better 

products as well as a shorter development cycle (Ireland et al., 

2002). 

Collaborating not just with suppliers but generally with any exter-

nal sources is accepted to increase organizational learning (Inkpen 

and Tsang, 2005; Powell et al., 1996), and, because new 

knowledge is usually retrieved from outside an organization, inter-

organizational relationships are critical (March, 1991). This is the 

same idea as that put forward in previous studies on open innova-

tion, in which inbound open innovation was considered to be an 

important factor for innovation (Chesbrough, 2003). Open innova-

tion has been described as the use of purposive outflows and in-

flows of knowledge to improve internal innovation and to expand 

the markets for using innovation externally (Chesbrough, 2003; 

Van de Vrande et al 2013). A great deal of attention has been paid 

to open innovation during the past years (Chesbrough et al., 2006; 

Elmquist et al 2009; West and Bogers, 2014; West et al 2014). 

Open innovation researchers have emphasized the need for focal 

firms to transcend their boundaries through external technology 

and knowledge sourcing. The current study discusses innovation 

complexity, environmental uncertainty and knowledge recombina-

tion as resulting in enhanced permeability of the boundaries in an 

organization and the need for them to interact more openly with 

external stakeholders and the environment (Karl-Heinz, 2015). 

The idea of open innovation includes a broad range of external 

factors, such as users, suppliers, customers, competitors and uni-

versities. The underlying mechanism to achieve external 
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knowledge and generate open innovation in turn covers a broad 

range of alternatives, such as tournaments and contests, joint ven-

tures and alliances, licensing, corporate venture capital, open 

source platforms and participation in different development com-

munities.  

Researchers have recently begun to consider the governance im-

plications of open innovation (West Et al 2014). Generally, the 

results have demonstrated that improved relationships and 

knowledge flows from different external partners, particularly in 

uncertain contexts, produce better innovation consequences 

(Chesbrough, 2006; Lichtenthaler and Ernst, 2009). In addition to 

such an emphasis on the number or breadth of externalities, still 

other investigations have revealed the advantages of interacting 

with certain external constituents, for example including suppliers 

(Hakansson and Eriksson, 1993; Handfield and Lawson, 2007; 

Petersen et al, 2003; Ragatz et al., 2002), customers (Atuahene-

Gima, 1995; Cooper and Kleinschmidt, 1987; Hippel, 1978), 

competitors (Hamel, 1991) and universities (Gerwin et al., 1992; 

Santoro, 2000) in the innovation process. Although the need to 

improve the access to external knowledge and to achieve greater 

openness in new product development projects is still compelling, 

the managerial and comparative governance implications of such a 

discussion are not clear yet. The mentioned study concentrates on 

aggregates on the form level, such as how specific aggregate 

quantities or types of external relations or governance forms could 

result in more innovation (Chesbrough, 2006; Lichtenthaler and 

Ernst, 2009). 

However, any kind of prescription or advice on the organizational-

level aggregates (which is for the entire organization to employ 

remarkably more open governance forms) could result in misspec-

ified solutions for governance at the micro level. Most of the stud-

ies in fields of collaborative innovation and search strategies have 

emphasized the understanding of an ―optimal‖ amount of external 

partners (Laursen and Salter, 2006, Bianchi et al 2013) and the 

critical role of various kinds of external sources (Laursen and 

Salter, 2006; Nieto and Santamaría, 2007). The most remarkable 

similarity between such investigations is that all of the analyses 

are on the organizational level, which shows that collaboration and 

searches are considered as decisions made for the organization as 

a whole and not decisions made according to the needs of certain 

NPD projects. The main goal of this paper is to focus on the criti-

cal role of complexity in the project level to identifying the com-

patibility of those external sources involved in NPD, like other 

research, and in determining whether the decision to include ex-

ternal sources is made on a project-by-project basis (Bahemia and 

Squire, 2010; Bonesso et al., 2011). To our knowledge, few stud-

ies have focused on the impacts of involving various forms of 

external sources as well as governance at the project level within 

the open innovation context (Tranekjer and Søndergaard, 2013). 

One of the exceptions revealed that adding external sources might 

have a negative impact on the project speed and cost (Faems et al., 

2009; Leiponen and Helfat, 2010). However, little is understood 

about the particular mix of external sources and the reason for 

developing such external collaboration. 

1.1 Complexity and External Collaboration 

In this article we emphasize the inbound knowledge flow from 

external sources. Remarkably, studies in this field of search strate-

gies and collaborative innovation have concentrated on under-

standing the governance mode and optimal knowledge source of 

open innovation in low-knowledge-intensity companies, with a 

focus on the theory of complexity, because structural innovation 

issues involve different kinds of complexity.  

Complex issues are the same as complex systems, which consist 

of many different parts that interact in a non-simple way (Flood, 

1990). Complex issues include a broad range of remarkably inter-

dependent factors, knowledge and choices sets that should be re-

combined creatively to provide valuable solutions. Recently dif-

ferent studies have been performed to realize better project and 

knowledge management and to demonstrate the relationship be-

tween project management, especially innovation management, 

and complexity theory (Cooke Davies et al., 2007; Tepic, et al, 

2013; Poutanen et al 2016).  

Many recent papers on external collaboration have clearly shown 

the important role of ―complexity‖ in current research on project 

management. Such investigations have offered valuable insights 

theoretically, and have sometimes linked practice and theory. 

However, it has been assumed to be a kind of black box; the exact 

elements that lead to complexity in NPD projects have not been 

described in detail. The necessity of a new paradigm for complex 

projects has been explained along with the importance of includ-

ing soft system techniques for modelling a project to support its 

management (Bosch-Rekveldt et al., 2009). The management of 

NPD projects needs a framework regarding external collaboration. 

Such a framework can then be employed to adapt various further 

development phases of such projects to specific external collabo-

rations to manage projects more effectively. However, currently 

no solid framework exists, based on both practice and theory, to 

support the identification and characterization of the external col-

laboration and to appreciate completely the external collaboration 

richness of various NPD projects.  

1.2 Structure of the Paper 

In Section 2 the literature survey is explained, and then the results 

of the case study are presented in Section 3. The achieved frame-

work to incorporate project complexity and external collaboration 

into NPD projects is provided in Section 4 and discussed further in 

Section 5. Then Section 6 covers the foreseen application and 

development of the framework and the study limitations. The con-

clusions and recommendations for future studies are presented in 

Section 7. 

2. Literature review 

2.1 Project Complexity Definitions 

To understand the project complexity elements that contribute to 

external collaboration, in the first step, complexity definitions 

were studied. According to the study by Geraldi (2009), the lack 

of an unambiguous and clear definition of project complexity or 

projects within a complex context has been reviewed in the litera-

ture. Even though project complexity and the surrounding envi-

ronment definitely exert an impact on critical decisions in project 

management, such complexity is usually taken intuitively or based 

on past experiences. As mentioned by Parwani (2002), complexity 

means studying complex systems of which there is no united ac-

cepted definition due to their complexity. Regardless of the inher-

ent difficulty in explaining complexity and various perspectives on 

complexity (Flood, 1990), a high-level project complexity defini-

tion should cover dynamic, structural and interaction factors 

(Whitty and Maylor, 2009), so complexity in projects can be as-

sumed to be relevant to such dynamic, structural factors and their 

interaction, being broader than technological or technical domains. 

The goals and approaches concept (Turner and Cochrane, 1993) 

categorized projects based on whether the project goals are uncer-

tain or well defined and whether the approaches to achieving such 

goals are uncertain or well defined. Then Baccarini (1996) pre-

sented a review of the project complexity concept within the con-

struction industry in which he suggested that an objective measure 

of project complexity is relevant to many different interrelated 

parts, which should be operationalized based on interdependency 

and differentiation. In addition, he elaborated both technological 

and organizational complexities. Later Williams (1999) operation-

alized Turner‘s and Baccarini‘s concepts, to study the dimensions 

of project structural complexity, Williams defined measures of 

product complexity that influence project complexity. He noted 

that concurrent engineering leads to more reciprocal interdepend-
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ency, adding to the complexity of the project. Besides the studies 

conducted by Turner and Baccarini, Williams considered that 

uncertainty adds to project complexity and thus can be assumed to 

be a project complexity dimension.  

2.1.2 Softer Aspects and the Environment 

Although the scholars mentioned above emphasized ―uncertainty‖ 

and ―structural complexity‖, softer aspects and impacts from the 

environment are considered to affect the level of project complexi-

ty (Geraldi and Adlbrecht, 2007; Jaafari, 2003). Later Geraldi 

developed the concept described earlier by Williams and revealed 

the difference between the complexity of faith and the complexity 

of fact (Geraldi and Adlbrecht, 2007) as well as the complexity of 

interaction. Interaction complexity occurs at the interfaces be-

tween organizations and people and any other kind of business 

interaction (Geraldi and Adlbrecht, 2007; Poutanen et al 2016), 

which are assumed to be softer aspects that contribute to the total 

project complexity. 

Furthermore, explicit attention to softer aspects was identified in 

the study by de Bruijn et al. (1996). They considered that project 

complexity can be broken down into social, technical and organi-

zational complexities. They considered that technical complexity 

is related to the technological uncertainty, uniqueness and dynam-

ics of projects. Organizational complexity was considered to be 

relevant to the organization structure and the involved actors and 

project team, and finally social complexity concerns the involved 

actors, their interests and consequences and the risks of a project 

in relation to its environment. In addition, other studies have con-

cluded that the environment is a key contributor to project com-

plexity (Jaafari, 2003; Mason, 2007; Xia and Lee, 2005; Kam-

Sing Wong, 2014). 

2.1.3 Gathering Elements from the Literature 

Many literature sources, such as those noted in the previous sec-

tion, have been utilized to define the elements that can contribute 

to project complexity. First, literature databases were searched for 

relevant papers with the keyword ―project complexity‖ (with a 

publication date of 1996 or later). These papers were reviewed 

along with the referenced papers. This process was stopped when 

no new and related referenced papers were identified. The ele-

ments contributing to project complexity were listed and then 

compared to define the key factors. Overall 28 elements contrib-

uting to project complexity were obtained from the literature 

search. To cover other factors, not included in the original ones, 

for example, uncertainty in methods and goals (Williams, 1999) 

which are respectively covered in ―uncertainty of goals‖ and ―un-

certainty of methods‖ and the level of interdependence among and 

between processes and products (Tatikonda and Rosenthal, 2000) 

was covered in ―interrelations between technical processes‖ and 

―dependencies between tasks‖. If the elements were too generic, 

for example uncertainty (Williams, 1999) or dependency on the 

environment (Vidal and Marle, 2008), they were not added explic-

itly to the final list; however, they were covered implicitly. Those 

elements that emphasize how to manage the complexity of a pro-

ject rather than contributing to project complexity, such as project 

manager leadership style (Müller and Turner, 2007) or partners‘ 

responsibility (Geraldi and Adlbrecht, 2007), were not included in 

the final list. Further, the elements were developed, defined and 

refined to enable a comparison with the elements identified in the 

case studies (Section 3). 

2.2 Sources of Knowledge and Their Combination in 

NPD Projects 

Although the reasons for including external sources to improve 

competitive advantages and innovative performance are global, 

they could be conceptualized in different ways (Sofka and 

Grimpe, 2010; Zhao et al 2015; Greco et al., 2015). For instance, 

Fey and Birkinshaw (2005) concluded that the innovation perfor-

mance and R&D of an organization improve through the use of 

more relational governance, for example relationships with uni-

versities and alliance partners. In this regard Keilet al. (2008) 

demonstrated that greater usage of different open governance 

modes, such as alliances, JVs and CVC investments, results in 

improved innovation consequences for organizations. The main 

intuition, considering formal governance arrangements or informal 

studies, is that having more external relations and greater search 

breadth could produce beneficial results for firms that are striving 

to innovate. In addition, Leiponen and Helfat (2010) showed that 

more sources of external knowledge result in more innovation as 

well as improved financial performance. Furthermore, Love et al. 

(2014) explained the same outcomes by demonstrating how the 

―breadth of external innovation linkages‖ could result in better 

innovation outcomes. One method to conceptualize sources is to 

consider a number of sources or search breadth, as performed in 

the study by Laursen and Salter (2006), who identified a limitation 

to the benefits of adding external partners to the innovation objec-

tives. The negative impact of too much openness might be because 

of the fact that the company experiences attention allocation issues 

while improving the number of its external partners (Knudsen and 

Mortensen, 2011) or higher marginal costs as a result of investi-

gating different types of sources.  

3. Research Question and Method 

To develop a framework as noted earlier, in accordance with theo-

ry and practice, the main research question to be answered in the 

current paper is: 

Which elements of NPD projects contribute to project complexity 

and how should these be included in a framework to characterize 

external collaboration in NPD projects? 

The inductive research approach was selected to answer the re-

search question (Sayer, 1992). This article attempts to synthesize 

the available empirical and theoretical studies in this field through 

a new empirical study. Its goal is not to test specific theories that 

will need a deductive method. Instead, it aims to establish a de-

tailed explanation of external collaboration in new product devel-

opment projects by utilizing an inductive strategy. First, a survey 

of the literature was conducted, through which variables that are 

considered to help different aspects of complexity in NPD projects 

were collected. Second, case studies were performed in which the 

factors contributing to project complexity and proposed open in-

novation practices (OIP) were identified in thirteen interviews 

from twenty-four projects in small and medium-sized firms that 

are active in various low-knowledge-intensive industries across 

Spain. Choosing multiple sources of data via fifteen cases allows 

triangulation and increases the construct validity of the research 

(Greene and McClintock, 1985). The interviewees were deliber-

ately not made aware of the results of the literature analysis, and 

the case studies were then utilized to develop a more detailed 

framework to incorporate project complexity and external collabo-

ration (specifically OIP) into NPD projects. The intention was to 

obtain a detailed framework because of its foreseen future applica-

tion to tailored project management.  

3.2 Data Collection 

Spanish companies with low knowledge intensiveness and a min-

imum of one NPD project during the last two years in various 

industries constitute the sample population of this research. Both 

primary and secondary data sources were gathered, and the data 

construct validity was verified according to triangulation princi-

ples (Greene, 1990). A set of in-depth individual interviews was 

performed with firms (CEOs and R&D directors) following the 

procedure outlined by Eisenhardt (2007) and Yin (2009). Specifi-

cally, the interviews were designed to concentrate on NPD pro-
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jects and any kind of external collaboration (with a focus on the 

open innovation framework) of the firm using semi-structured 

questions, and face-to-face interviews were performed by corre-

sponding scholars (CEOs and R&D directors) at each company as 

well as follow-up telephone interviews. Each of these interviews 

took 60 to 100 minutes. All of the interviews were recorded and 

then transcribed, and, to ensure data validity, a database was gen-

erated. Overall, over 30 hours of recording and almost 250 tran-

script pages were gathered in 2016. After the interviews a copy of 

the case report and transcripts was sent to the interviewees to 

check them for any possible error to ascertain the authenticity and 

validity of the gathered data. Moreover, the collected data were 

triangulated with the information from many evidence sources 

from both observation and secondary information sources, for 

example online reports and information, company websites, 

tweets, material introduced by the informants (internal memos, 

company brochures and archival data) and news releases to im-

prove the validity of the research (Greene, 1990). 

3.2.2 Case Firm Selection 

Following the suggestions provided by Eisenhardt (1989), we used 

a multiple-case design with fifteen manufacturing firms within 

eight industries across Spain. In accordance with Yin (2002), rep-

lication logic was applied regarding case selection. Such an infor-

mation-oriented approach was selected for ―maximizing the in-

formation utility from small samples and single cases‖ (Patton, 

2002). Together these cases covered less successful and successful 

projects regarding both meeting the budgets and delivering and 

scheduling estimates based on the expected results (project per-

formance). A group of factors was considered in the selected pro-

jects, for example innovative projects and new business (mar-

ket/business), and technology was included in different projects 

ranging from old/proven technologies to new/unproven technolo-

gies. In addition, the capital expenditure of such projects ranged 

from 20 to 600 million euros. Various geographical domains were 

considered, and the project location varied between remote and 

industrialized areas (location). The organizations were selected by 

employing purposeful/theoretical sampling according to Patton 

(2002) and Yin (2009).  

Based on the nature of the current research as well as the NPD 

literature and open innovation, our main criteria for choosing these 

firms were: (1) operating in a low-knowledge-intensive industry, 

(2) having at least 1 NPD project during the last 2 years, (3) hav-

ing any form of external collaboration in the NPD process, (4) 

having no more than 250 employees and (5) having an annual 

turnover not exceeding EUR50 million. In addition, to create the 

greatest variation among such cases, firms with different ages, 

sizes and levels of technological development were selected. More 

than 60 invitation letters were sent to senior managers, and inter-

views were performed successfully with 15 firms. 

3.2.3 Data analysis and Interpretation 

The selected unit of analysis was a completed new product devel-

opment project, in which ―project‖ took a broad definition, for 

example including all of the activities from beginning to close-out 

(project proposal/initiation, project design/development, project 

execution/implementation and project commercialization/close-

out were excluded). 

Following a protocol, 30 semi-structured interviews overall were 

performed with general managers or their representatives and 

R&D directors of a total of 24 projects. During these interviews 

we asked the candidates open questions about the variables that 

had contributed to the complexity of a specific NPD project from 

their perspective. To initiate the interview and contribute further 

analysis, their definition or interpretation of project complexity 

was elicited. The candidates did not know the literature results. All 

of the transcripts were analysed to understand the elements con-

tributing to project complexity. A matrix was developed with the 

elements contributing to the project complexity of each NPD pro-

ject in the rows and the total of 30 interviews in the columns (for 

each NPD project). Moreover, the respondents were asked about 

any kind of external collaboration (governance mode and 

knowledge source) that they had engaged in during each project to 

understand the proper mode of external collaboration to handle 

project complexity. 

For the data analysis, we considered this new phenomenon from 

various perspectives and angles. We identified project complexity 

causes from various perspectives, for example a lack of capabili-

ties and resources, fast commercialization practices and business 

model selection. Moreover, we identified the relationship between 

large and small companies in the NPD process. We used both 

inductive and deductive methods in this analysis to interpret the 

cases better and to realize the meaning of theoretical constructs 

(Eisenhardt, 1989). We used both cross-case and within-case anal-

ysis. The within-case analysis includes a description of each case 

in its own context. This is a critical aspect of studying each case to 

gain an effective understanding and perspective (Eisenhardt, 

1989). 

3.3 Case Study Results 

From the case findings, the variables contributing to project com-

plexity from a practice point of view were collected, complement-

ing or confirming the literature elements. Almost all of the identi-

fied elements in the literature survey were confirmed independent-

ly by the interviewees without asking explicit questions. 

Many aspects contributing to project complexity were identified in 

these fifteen cases, demonstrating strong support for these aspects 

specifically. In an effort to summarize them, they were catego-

rized based on the ―what‖, ―who‖ and ―how‖ of the projects as 

follows: 

The ―what‖ of a project regarding the content (the types of com-

plexity in each NPD project); 

The ―who‖ of a project regarding the involved and collaborating 

parties (the number of stakeholders and the different perspectives 

of stakeholders); 

The ―how‖ of a project regarding open innovation practices and 

governance mode practices (the number of tools and practices). 

 In analysing these aspects of ―what‖, ―who‖ and ―how‖ in the 

framework, logically ―what‖ elements were assigned to technical, 

organizational, environmental and interaction project complexity 

dimensions. The ―who‖ elements, which are relevant to the in-

volved knowledge sources, were assigned to various NPD pro-

jects. The ―how‖ elements were assigned to different practices of 

open innovation and governance mode that are implemented in 

NPD projects and that are obtained by a partnership, seller/buyer 

contract, innovation community and platform or innovation mall 

(Bellantuono et al., 2013; Faems et al., 2005; Felin and Zenger, 

2014; Love and Roper, 1999; Tether and Tajar, 2008). Those ele-

ments that describe the ―what‖, ―who‖ and ―how‖ of a project can 

be considered as key factors that define project complexity dy-

namics.  

Besides the elements listed in Table 1, the practitioners explained 

some elements that do not contribute to project complexity but 

instead make it harder to manage a project, such as poor motiva-

tion, poor communication and poor relationship management as 

well as unclarified responsibility distribution. These are known as 

project management flows that do not contribute to a project‘s 

intrinsic complexity because they are manageable; thus, they are 

not included. 
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Table1 : Elements contributing to project complexity from the literature and case study sources 

  
 
3.4 Proposed Structure for the Framework 

Studying previous investigations and gathering elements from 

them (Table 1) revealed that it is not just the technological or 

technical dimensions that define the complexity of a project; envi-

ronmental and organizational aspects also have a key role. De 

Bruijn (2003) identified three complexity dimensions: organiza-

tional complexity, social complexity and technical complexity. 

Then they developed a framework including the environmental, 

organizational and technical elements contributing to project com-

plexity, suggesting the inclusion of various dimensions of project 

complexity in NPD projects. Baccarini (1996) introduced two 

forms of complexity in project systems: technological and organi-

zational complexity. Williams (1999) expanded Baccarini‘s con-

ceptualization of project complexity and then attributed both tech-

nological and organizational complexity to structural complexity 

and assumed uncertainty as the other dimension. Later different 

scholars designed many different frameworks to realize, classify 

and evaluate project complexity better from various perspectives. 

For instance, Geraldi and Adlbrecht (2007) categorized complexi-

ty into three types: faith complexity (the complexity in creating 

something novel, solving new issues or handling high levels of 

uncertainty), fact complexity (complexity in handling a large 

amount of independent information) and interaction complexity 

(complexity relevant to interfaces among locations, for example 

ambiguity, politics and multiculturalism).  

Bosch-Rekveldt et al. (1996) suggested the technical, organiza-

tional and environmental (TOE) framework to evaluate engineer-

ing projects‘ complexity. By means of the TOE framework, engi-

neering projects‘ complexity could be measured by technological 

complexity (goals, tasks, scope, risk and experience), organiza-

tional complexity (size, risk, trust, resource and project team) and 

environmental complexity (risk, market conditions, location and 

stakeholders). He et al. (2013) employed a six-category frame-

work for project complexity, consisting of organizational, techno-

logical, environmental, goal, information and cultural complexi-

ties, to evaluate the complexity of mega-projects. 

Considering the main goals of this study, to assign the contrib-

uting factors to NPD project complexity, we adopted the TOE 

model, incorporating with some changes resulting from mixing 

this model with the model proposed by Geraldi and Adlbrecht 

(2007), to separate interaction complexity and classify all of the 

relevant variables in this group. The traditional technical perspec-

tive is highly concentrated on the project content (T), the organi-

zational view (O) covers softer dimensions, the environmental 

view (E) includes impacts from the environment and interaction 

(I) concerns any type of external collaboration proposed during 

the NPD projects. Therefore, to develop a framework of project 

complexity, all of the variables were assigned to the technical, the 

organizational, the environmental or the interaction category 

(TOEI) (Table 1).  

4. The TOEI Framework for External Collab-

oration in New Product Development Projects 

To design a framework for external collaboration in NPD projects 

from a complexity perspective, the elements obtained from the 

literature and those from the cases were combined and then rec-

orded. To achieve richness in the framework, however, and to 

prevent the inclusion of ―arbitrary‖ factors, the following criteria 

for including elements in the framework were presented. 

The final TOEI framework is demonstrated in Table 2 and in-

cludes eight T elements, nine O elements, five E elements and six 

I elements. All of the proposed elements in the T, O, E and I cate-

gories have both literature and empirical evidence, providing sup-

port for the elements from both practical and theoretical points of 

view. In the E category, there are three elements with partial em-

pirical evidence (supported by some cases), three of which are 

relevant to the project location and one of which is relevant to the 

market condition. The obvious absence of such aspects in other 

cases might be due to the industry under consideration or due to 

this research being approached with a deliberate choice from pro-

ject management insights. This explanation might also apply to 

those elements with empirically supportive evidence in the O cat-

egory, such as HSSE awareness and size (number of locations), 

and the former is significantly related to the process industry (food 

and beverage production). We might not find a ―quality require-

ments‖ element (T category) in previous studies, since little atten-

tion has been paid to quality management in the literature (Turner, 

2010).  

To design the TOEI framework, we kept the richness of the ele-

ments contributing to project complexity and external collabora-

tion as identified in previous studies and practices and did not 

decrease them to a 2×2 matrix, as performed in a recent study by 

Whitty and Maylor (2009) on a matrix of structural dynamic inter-

action. 



102 International Journal of Engineering & Technology 

 
The broad TOEI framework, which has three levels consisting of 

complexity categories, appropriate external collaborators and OIP, 

suggests an opportunity to argue on different aggregation levels 

that various aspects of parties and stakeholders who are involved 

in a project can be a function of the level of project complexity. 

Moreover, the current set-up allows framework extension for use 

in all industries.  

Therefore, this developed framework could be utilized to evaluate 

engineering project complexity and to propose some possible ex-

ternal collaboration solutions (source and mode). Evaluating the 

complexity of a project by its nature is a subjective process in 

which perceived complexity according to past experiences has a 

key role. Due to differences in experiences and skills, people who 

use the framework and evaluate a specific project or phase might 

reach various conclusions about complexity. Here the main goal of 

the framework is to obtain better knowledge of projects‘ complex-

ity and external collaboration. Excluding the absolute scores for 

various elements, this framework helps to identify the areas of 

complexity in a particular project. Understanding such areas of 

complexity, attention will be paid to their management, and, as 

noted by Geraldi (2009), assessing the complexity itself is a tool 

to reinforce active management.  

Table 2: TOEI framework 

Partnership                                           Seller/Buyer agreement                                         Platform                                               Communities 

 

 

 

 

 

 

 
Technical                                                 Environmental                                                Interaction                                           Organizational                            

Organizational                                                                                                                Technical                                             Environmental                                      

Environmental                                                                                                                                              

Interaction                                                                  Project Complexity                                                                   
 

5. Discussion 

Traditionally, size, novelty and innovativeness have been consid-

ered as dominant yet criticized project complexity measures (Wil-

liams, 2002). In this paper a few participants pointed out tradition-

al measures as contributing to project complexity. Often aspects 

that are related to innovativeness and/or novelty, such as the 

―number of new technological tools and methods‖ and the ―num-

ber of stakeholders‖, were noted; thus, it is important to refine 

―innovativeness‖, a general aspect, as a contributor to project 

complexity and results in implementing the external collaboration. 

This will support the overall idea of the current study, which is to 

design a detailed framework to incorporate external collaboration 

and complexity into NPD projects. 

• The TOEI framework includes many elements related to uncer-

tainty and structural complexity. Organizational complexity and 

technical complexity are both included explicitly as key classi-

fications of project complexity. Most of the elements in the 

framework‘s organizational category have a structural charac-

ter, such as the scope, number of goals and tasks, dependencies 

between different tasks and so on. In addition, uncertainty of 

methods and uncertainty of goals are covered in the organiza-

tional category elements. The dominant open innovation modes 

that were obtained from the participants to reduce these types of 

complexities in the projects are partnerships and some other 

modes, like communities, which are open innovation modes 

that can be applied in NPD projects to eliminate some or all of 

the uncertainty and the project complexity. Appropriate collabo-

rators in this type of complexity are suppliers and in a few cases 

customers. This shows that suppliers can play an important role 

in reducing the complexities. Many structural elements are 

identified in the technical category, for example the Product 

novelty, Production site differentiation, Technological base, 

R&D expenditure and internal capabilities. In addition, the 

proper and common external collaborators in this part are sup-

pliers and universities and the dominant OI mode partnership.  

Here it can be observed that most of the appropriate and common 

knowledge sources solving the environmental complexity are 

suppliers and competitors, and the dominant governance modes 

that are helpful in managing such environmental complexity are 

partnerships and seller/buyer agreements. In the case of interaction 

complexity, Suppliers and universities play a role, and the OI 

mode is partnerships and platforms. In the TOEI framework, the 

environment and softer aspects are included explicitly. Softer 

aspects can be identified in both the environmental and the organi-

zational category in the elements of the TOEI framework, for 

example the Market variability, Local regulations, Previous 

knowledge in the market, Market stability and Market competi-

tiveness. Besides, the environmental category covers elements 

such as the competition level, political influences, required local 

content and strategic pressure. Here it can be observed that most 

of the suitable and common knowledge sources addressing the 

environmental complexity are suppliers and competitors, and the 

dominant governance modes that are helpful in managing such 

environmental complexity are partnerships and seller/buyer 

agreements and in some cases communities. In the case of interac-

tion complexity, suppliers play a role and the OI mode to manage 

some aspects of this complexity, such as IP protection and/or in-

formation flows, is partnerships. 

In the TOEI framework, risk is assumed to be a contributor to 

project complexity. To assert the critical role of risk as a contribu-

tor to a project‘s complexity, the TOEI framework contains a spe-

cific risk element in all of the four categories and high risk from 

the technical, organizational, environmental or interaction per-

spectives. In addition, the risk aspects are all covered in other 

different elements of these four categories, particularly topics 

regarding uncertainty, political influence and the IP protection 

condition. Here it is clear that the most appropriate and common 

knowledge sources are suppliers, clients and competitors, and the 

governance modes of partnerships, seller/buyer agreements and in 

some cases platforms could be applicable to manage such external 

collaborations.  

To sum up, it can be said that the developed TOEI framework fits 

the existing critical literature concepts defined in the previous 

section. In addition, this framework presents an ―integrative‖ list 

of elements contributing to external collaboration and project 

complexity in NPD projects. It can integrate various theoretical 

concepts and practice perspectives. 

6. Managerial Implementation and Develop-

ment of the TOEI Framework 

The TOEI framework could be employed as a basis on which to 

measure NPD projects‘ complexity. Using the TOEI framework 

University 

Competitors 

Suppliers 

Suppliers 

Suppliers Suppliers 
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for projects provides a good idea of where we should expect the 

complexity to arise during the project and what the appropriate 

knowledge sources and governance forms are to handle such com-

plexity. Utilizing the TOEI framework can for example support 

risk assessment during the early phases of a project. Due to com-

plexity changes within the life cycle of a project, using the frame-

work in different stages of projects needs to be considered to grasp 

the external collaboration application. Utilizing the complexity 

evaluation might clarify remarkable problems in a project (Geral-

di, 2009). This framework can support the complexity assessment. 

The main goal of employing the framework is to adapt the front-

end development phases of a project better to certain complexities 

by means of a complexity footprint. In the early stages, a project 

can be measured regarding the expected complexity, and particu-

lar actions can be taken to manage external collaboration. For 

instance, in a project in which we can expect predominantly tech-

nical complexities, we might need different governance modes or 

knowledge sources from a project in which we expect predomi-

nantly environmental complexities. Identifying, understanding and 

characterizing such complexities via the use of the TOEI frame-

work in the early steps of a project and the next phases are consid-

ered to improve project management. 

According to the footprint, it might be decided to put more or less 

effort into open innovation management, process management, 

risk management and so on in line with the suggested approaches, 

for example the study by Jaafari (2003) on risk management or the 

study by Aaltonen et al. (2008) about the management of external 

partners. According to the ideas of the current literature, external 

partners can be chosen and/or developed later according to the 

required competencies to manage specific complexities (Felin and 

Zenger, 2014). 

More TOEI framework developments are predicted to overcome 

the limitations of the study. The first limitation is the qualitative 

nature of the study. To design the TOEI framework, the empirical 

findings revealed data saturation for the analysed cases. To rein-

force the existing results, a survey across the industry was con-

ducted with a more quantitative nature. This could not only be 

considered as a strength of this framework but could also represent 

a limitation of the study. Thus, we are not able to claim that the 

TOEI framework is complete. 

7. Conclusion  

To help to manage project complexity and external collaboration, 

this article provided a framework for defining the external collab-

oration in NPD projects. This framework is based on both empiri-

cal data and literature. Using this framework for a certain project 

provides an understanding of its complexity, indicating potential 

methods to manage new product development projects more effi-

ciently. The TOEI framework can be utilized to evaluate a pro-

ject‘s complexity and to predefine possible support from external 

parties. Due to the external collaboration dynamics, we can predict 

repeated use in different phases of a project. 

Applying an inductive method through combining the literature 

points of view with the elements obtained from30 interviews re-

garding 15 cases, the TOEI framework provides a broad under-

standing of external collaboration. Overall 28 elements were iden-

tified, contributing to external collaboration and project complexi-

ty in the following 4 areas: technical complexity, organizational 

complexity, environmental complexity and interaction complexity. 

The number of elements in the framework was not decreased de-

liberately to explain the richness of project complexity. In the 

TOEI framework, 4 different levels were identified to facilitate its 

use: 4 categories known as TOEI, 4 different knowledge sources 

and 4 modes of external collaboration. It will provide a chance to 

argue which aspects will make a particular project complex on 

different levels with different stakeholders and parties involved in 

the project. This set-up is flexible and allows framework exten-

sion, for instance for use in a specific industry. 
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