
 

 
 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPROVED: 
 
Audhesh K. Paswan, Major Professor 
Michael Beyerlein, Committee Member 
Charles Blankson, Committee Member 
Lou E. Pelton, Committee Member 
Jeffrey K. Sager, Chair of the Department of 

Marketing and Logistics 
Kathleen B. Cooper, Dean of the College of 

Business Administration 
Sandra L. Terrell, Dean of the Robert B. 

Toulouse School of Graduate Studies 

HOW COMPONENTIAL FACTORS AND CONSTRAINT ENHANCE CREATIVITY  

IN THE DEVELOPMENT OF NEW PRODUCT IDEAS 

Tanawat Hirunyawipada, B.Eng., M.B.A. 

Dissertation Prepared for the Degree of 

DOCTOR OF PHILOSOPHY 

UNIVERSITY OF NORTH TEXAS 
 

August 2007 



Hirunyawipada, Tanawat, How componential factors and constraint enhance 

creativity in the development of new product ideas, Doctor of Philosophy (Marketing), 

August 2007, 127 pp., 15 tables, 9 figures, references, 249 titles. 

New product ideation is the transformation of a raw idea into a robust concept 

with consideration of fit and feasibility of technologies, customer benefits, and market 

opportunity. Although the ideation process often involves ambiguous processes, it is the 

most critical activity in new product development (NPD). As a creativity task, the 

ideation process is considered heuristic rather than algorithmic. However, managing the 

ideation process as either a completely heuristic or an entirely algorithmic procedure 

leads to just conventional outcomes. 

Rooted in cognitive psychology, this study proposes that ideation activities in 

NPD should be pursued as Simonton’s “constrained stochastic behavior.” An ideation 

task not only needs good componential factors but also requires constraint to frame the 

task by precluding unwieldy ideas while promoting high variability of ideas. Focusing on 

the inputs and attempting to strike a balance between algorithmic and heuristic ideation 

process may provide the mechanisms to manage the psychological perceptions with an 

aim to stimulate and orchestrate the ideation staff’s cognitive efforts to generate the 

creative idea. 

To achieve this goal, new product idea creativity is considered as the ideas that 

could turn out to be products that are novel to and useful for customers, and appropriate 

to firms’ existing production systems. In addition, the study asserts that componential 

factors include two factors: specialization representing idea creators’ depth of NPD 

knowledge, experience, and skills in a product domain, and diverse expertise 



representing the breadth of ideation team’s knowledge, experience, and skills 

concerning the same domain of NPD. These factors are essential and collectively can 

enhance creativity in the development of new product ideas. Finally, goal constraint is 

defined, operationalized, and incorporated in the NPD ideation framework. This 

constraint encapsulates the overall criteria and stylistic principle for a particular product 

domain and reflects the frame of reference for new product idea development. 

The findings provide mixed results, and yield at least three new concepts. First, 

the process of new product idea development truly requires specialization and diverse 

expertise if its ultimate goal is creativity. Both componential factors are essential and 

together can enhance new product ideas on all important dimensions. Second, goal 

constraint exhibits a linear relationship, rather than an inverted U–curve relationship, 

with idea newness and usefulness–two dimension of creativity important for customers. 

Finally, goal constraint can enhance creative outcomes of new product ideas, especially 

in the ideation team exhibiting a low level of specialization. 
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CHAPTER 1 

INTRODUCTION 

Product Innovation and Performance 

Product innovation has been valued as a crucial factor of business success 

(Hamel 2000). Every organization is confronted with a dynamic competitive environment 

where there are significant shifts in customers’ knowledge, communication, and 

technology (De Meyer 2004). These changes compel organizations to continue to 

innovate. As Leenders, van Engelen, and Kratzer (2003, p. 69) suggest, “every 

organization, regardless of size, profit motive, or industry, experiences regular 

pressures to renew, expand, or modify its product or service offerings.” It appears that 

product innovation not only enhances the firm’s strategic success (Hamel 2000) but also 

increases its competitiveness (Hitt et al. 2001). The portentous role of product 

innovation on financial performance is reinforced in a recent study. The study conducted 

by the Boston Consulting Group based on Compustat data from 1995 to 2000 reveals 

that successful offerings help the organizational innovators to achieve greater profit 

growth, and their stock returns are apparently higher than the industry medians 

(McGregor 2006). 

 

Product Innovation and the Development of New Product Ideas 

Product innovation is essential to a firm’s “positional advantage,” i.e., “superior 

customer value” (Day and Wensley 1988, p. 3). Literature addressing new product 

successes and failures has long been established with a stream of research in 

marketing (e.g., Booz, Allen, and Hamilton 1968, 1982; Cooper 1979, 1984, 1996; 
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Crawford 1992, 1994). Specifically, several extant studies attempt to identify how new 

product development (hereafter, NPD) could be pursued successfully (see Henard and 

Szymanski 2001; Montoya–Weiss and Calantone 1994). As exhibited in at least two 

empirical reviews of NPD studies, several factors (e.g., products, the development 

process, organizational strategy and structure, firm resources, market, technology, 

competition environment, etc.) have been discovered as the potential predictors of the 

success of new products (Henard and Szymanski 2001; Montoya–Weiss and Calantone 

1994). Although all of these NPD–related activities are plausible to the success of new 

products, the critical success factor is indeed the activity that happens prior to the 

implementation of NPD (Clark and Wheelwright 1995; Cooper 1994; Khurana and 

Rosenthal 1998; Reid and de Brentani 2004; Smith and Reinertsen 1991, 1992).  

The activities in the early stage of NPD often referred to as “the fuzzy front end” 

(hereafter, FFE) which mainly involves the generation of new product ideas that have 

not been committed or approved by the management of the firm (Smith and Reinertsen 

1992, p. 47; see also Cooper and Kleindschmidt 1986; Montoya–Weiss and O’Driscoll 

2000; Reid and de Brentani 2004; Smith and Reinertsen 1991). In their original 

definition, Smith and Reinertsen (1992, p. 47) suggest that “the front end of a 

development project starts when the need for a new product is first apparent, whether 

the company acts on it or not,” and “the front end terminates when the firm commits 

significant human resources to development of the product.” Khurana and Rosenthal 

(1998, p. 59) expand the activities associating with FFE “to include product strategy 

formulation and communication, opportunity identification and assessment, idea 

generation, product definition, project planning, and executive reviews.” Because the 
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main purpose of the activities in this predevelopment stage is the idea creation, this 

study primarily focuses on the idea development for new products or “new product 

ideation” (“new product ideation,” new product idea generation, new product idea 

development, new product idea creation, the development of new product ideas, the 

generation of new product ideas, and the creation of new product ideas are used 

interchangeably in this study) (Goldenberg, Mazursky, and Solomon 1999, p. 200). 

The development of new product ideas is a process by which a raw idea is 

converted into a concrete product concept with consideration of fit with and feasibility of 

technologies, value proposition, and the idea’s commercialization potential (Cooper and 

Kleindschmidt 1987; Montoya–Weiss and O’Driscoll 2000). Simply put, the generation 

of new product ideas is at the initial phase of NPD in which the newly developed ideas 

should be appropriate to target customers and fit with all aspects (e.g., marketing, 

technology, production) of firm’s capability (Khurana and Rosenthal 1998). 

Although the ideation process can encompass a lot of tentative thinking and 

ambiguous procedures, it is asserted by several practitioners and researchers as the 

NPD critical activity (e.g., Calantone, Di Benedetto, and Schmidt 1999; Clark and 

Wheelwright 1995; Moenaert et al. 1995; Montoya–Weiss and O’Driscoll 2000; Smith 

and Reinertsen 1991, 1992). A simple reason is that a successful invention is most 

likely an outcome of a good new product idea. One may argue that good ideas may 

occur by chance or due to luck. However, as Rosegger (1996, p. 125) argues, “while 

some inventions may be the results of the proverbial ‘flash of insight’, the vast majority 

involves the commitment of resources to the purposeful search for potentially useful 

new technical ideas.” 
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It is not surprising that the importance of idea development is greatly recognized 

in the NPD literature. The well–executed ideation process can generate significant 

enhancement in the process of NPD. Smith and Reinertsen (1992, p. 47) suggest that 

even the minor improvement occurring at the FFE can result in the greatest time 

savings at a minimal investment (“largest and cheapest opportunities”). Reducing cycle 

time is essential in NPD where the life cycle of many products continue to be shortened, 

and products rapidly pass out of use or usefulness (Griffin 1997b; Hayes, Wheelwright, 

and Clark 1988; Rosenau 1988; Womak, Jones, and Roos 1990). The Product 

Development and Management Association (PDMA) research on NPD practices shows 

that the reduction of cycle time exhibits a clear progress in industrial practices (Griffin 

1997a; Page 1993). Nearly half of the respondents (41%) from the PDMA survey 

indicated that their firms’ NPD cycle time were lower than that in five years ago (Page 

1993). A more recent PDMA survey reaffirms that new products could be developed 

more quickly, i.e., 15%–20% reduction in NPD cycle time (Griffin 1997a, p. 450). 

Improvement in the ideation process also has a significant impact on the 

efficiency and effectiveness of resource deployment in NPD. Port (1998) reports that 

majority (75%–85%) of relevant costs of making the products are decided during the 

ideation stage, reflecting a significant commitment from the firms for the NPD project 

after the approval of that new product idea has been granted. Booz, Allen, and Hamilton 

studied data from 1,000 firms with highest research and development (R&D) spending 

in 2004 (Jaruzelski, Dehoff, and Bordia 2005). This report noted that “70% of the final 

cost of a product (the cost reflected in gross margin) is driven by the R&D–based design 

decisions” (Jaruzelski, Dehoff, and Bordia 2005, p. 6). Comparing three major stages in 
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NPD, Cooper and Kleinschmidt (1988, p. 255) hold that the firms spent minimally (7.1%) 

for the “predevelopment activities” compared with what they invested in NPD activities 

(39.0%) and the commercialization of new products (53.9%). This information reaffirms 

that the ideation cost is relatively low but its impact could be immeasurable (Coates, 

Cook, and Robinson 1996; Smith and Reinertsen 1991, 1992; Urban and Hauser 1993). 

Therefore, an understanding of idea development can help firms unlock their potential 

for new product ideas, efficiently and effectively manage subsequent NPD phases, and 

enhance the success of their new products. 

Indeed, in view of the impact of the ideation process, a firm competing on product 

innovation needs to truly understand how to develop good new product ideas to achieve 

greater success. This statement is supported by the findings from the “BusinessWeek–

Boston Consulting Group 2006 senior management survey on innovation” using 

information from 1,070 executives from around the world (North America 46%; Europe 

30%; Asia or the Pacific region 16%) (McGregor 2006). Findings from this study show 

that “poor idea selection” (21%) and the “dearth of ideas” (18%) are among the great 

“enemies of innovation” (McGregor 2006, p. 68). An intensive review of the empirical 

studies examining the relationship between the activities in FFE (i.e., ideation activities) 

and the performance of new products provides additional supportive evidence (Henard 

and Szymanski 2001). The analysis of 29 effects from 12,676 respondents indicates 

that the range of correlations between the “predevelopment task proficiency” (of the 

activities in the FFE) and new product performance is 0.19 to 0.76 ( X =.46, p≤.05) 

(Henard and Szymanski 2001, p. 365–367). These results are strongly related to the 
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notion that good and creative ideas for new products mean “better utilization of human 

capital and key competencies” (Boeddrich 2004, p.274).  

Having good knowledge and skill sets regarding the generation of new product 

ideas not only enhance firms’ competitive advantage in their innovation–based games 

but also lay the groundwork for their future competencies (Boeddrich 2004; Day, Gold, 

and Kuczmarski 1994). A firm needs an inventory of new product ideas to be converted 

into the successful products when the market is ready to adopt those ideas (Tauber 

1972). However, not all new product ideas could end up being the successful products. 

Griffin’s (1997a, p. 448) “mortality curve” indicates that only 15.2% of the total number 

of ideas generated by one firm could be converted into commercially successful 

products. Hence, having the organizational setting that supports a more “thoughtful 

approach” to generate new product ideas seems to pay off in the future (Day, Gold, and 

Kuczmarski 1994, p. 69). Conversely, firms that lack knowledge of idea development 

may not be able to accumulate a sufficient number of good ideas in their ideation stock 

(Tauber 1972). A deficiency in knowledge of idea development may have deleterious 

effects on a firm’s ability to compete with new products. 

In summary, a better understanding of idea development helps firms to (1) have 

a good starting point before committing their valued resources to any NPD project, (2) 

orchestrate and allocate appropriate skills and resources for the following NPD phases, 

and (3) create the inventory of potential ideas for future product implementation. 
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Review of Literature 

Idea development is a highly complex area that has so far received limited 

research attention (Day, Gold, and Kuczmarski 1994; Kim and Wilemon 2002; Reid and 

Brentani 2004). A critical review of extant research reveals four areas of ideation 

research. 

First, the area most studied is how firms organize their work units and routines 

for ideation activities. Among the pioneer attempts, Khurana and Rosenthal (1998, p. 

64–65) urge firms to adopt the “holistic front end” by linking “business strategy, product 

strategy, and product–specific decisions” in the FFE. Kim and Wilemon (2002) note that 

idea development should be approached from a team perspective in which a team 

leader needs to be appointed to take responsibility of the ideation process. In addition, 

new product researchers have advocated several key success factors supporting 

common wisdom in the development of new product ideas, including (1) firms’ resource 

commitment to ideation activities (Kim and Wilemon 2002), (2) the adoption of the 

standardized procedure to obtain customer insights (Flint 2002), (3) firms’ infrastructure 

to allow the sharing of information (Kim and Wilemon 2002; Zahay, Griffin, and 

Fredericks 2004), and (4) fortification of firms’ relationship with relevant parties 

associating with new product idea development (Kim and Wilemon 2002). In the context 

of radically new products, Reid and de Brentani (2004) hold that the flow of information 

tends to be bottom up–individuals search for environmental information, discover new 

product ideas, and select the ideas before submitting those ideas to the organization–

level decision. Management should clearly understand the nature of ideation in 

discontinuous innovation and appropriately design firms’ process and structure to 
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maximize the efficiency and effectiveness of the ideation process in this context (Reid 

and de Brentani 2004). 

The second research area in FFE is the idea screening and selection process. 

The Nortel Network case study reflects the idea selection criteria in which information 

concerning market, technical, production, and business feasibilities is used to screen 

out less potential ideas for NPD (Montoya–Weiss and O’Driscoll 2000). Another seminal 

case study advocates the implementation of the “Analytic Hierarchy Process” where 

new product ideas are rated according to their fit with the essential criteria (Calantone, 

Di Benedetto, and Schmidt 1999, p. 68). This screening technique illuminates the 

collective role of competencies (e.g., market, technology), return, and 

anticipated/unanticipated risks in the selection of new product ideas (Calantone, Di 

Benedetto, and Schmidt 1999). 

Discovering sources of new product ideas is the third research area gaining 

attention from NPD scholars. Generally, firms’ employees (e.g., R&D staff, members of 

NPD project teams) are considered to be the first group of people to generate new 

product ideas. Boeddirich (2004, p. 280) suggests that employees with different 

“archetypes” (including, “emotional perceiver,” “reserved scientist,” “open 

communicator,” “dominant entrepreneur”) differ in their proclivity to generate new 

product ideas. Essentially, firms need to beware of assigning people with certain 

“archetypes” to the appropriate tasks in the ideation process (Boeddirich 2004, p. 280–

281). 

As an external source, a group of customers appears to be among the good 

sources of new product ideas (Flint 2002; Olson and Bakke 2001). New product ideas 
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often originate from the “leading edge customers” who can produce novel, tempting new 

product concepts (Olson and Bakke 2001, p. 388). The “lead user” process attempts to 

gather insights from the “leading edge” customers in the selected segments as well as 

“from users in other markets that face similar problems in a more extreme form” (Lilien 

et al. 2002, p. 1042). A longitudinal study of several NPD projects at 3M show that the 

NPD projects adopting the “lead user” process for their idea development exhibit greater 

projection of NPD outcomes (e.g., sales, product newness, market share, and customer 

needs) (Lilien et al. 2002, p. 1055). 

Market information is an important source of new product ideas. Troy, 

Szymanski, and Varadarajan (2001) find the effects of firms’ climate and setting on the 

relationship between the amount of market information and firms’ ideation capabilities. 

Especially, they find that (1) firms’ encouragement of new interpretation of market data, 

(2) information sharing and accessibility, and (3) integration of different job roles 

significantly heighten the impacts of the amount of market information on the number of 

new product ideas firms generate (Troy, Szymanski, and Varadarajan 2001). 

In sum, the third research area asserts that firms’ employees, lead customers, 

and marketing information are the major sources rich with new product ideas. However, 

as suggested by Huston (2004, p. 192), firms should allocate more efforts to search 

beyond the conventional idea “landscape” and pay more attention to the “periphery” for 

novel ideas because “this is often where the breakthrough innovations will be found.” In 

addition, Huston (2004, p. 191) advocates firms to take a “broad searching” stance 

while maintaining their “thinking with focused evaluation and execution.” 
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The final research area consists of the studies attempting to articulate idea 

development at a cognitive level. For example, Coates, Cook, and Robinson (1996, p. 

108) indicate several techniques for the ideation process e.g., "attribute listing, 

brainstorming, brainwriting/blue slip technique, forced relationships and free 

association, heuristic ideation technique, lateral thinking, mind mapping, morphological 

analysis, product checklists, synectics, ideal solution, lotus blossom technique, nominal 

group technique” (Coates, Cook, and Robinson 1996, p. 108; see also Couger et al. 

1991; Osborn 1993; Sowrey 1987). Dahl and Moreau (2002, p. 58) suggest that a 

newness dimension of ideas “can be enhanced during the idea generation by 

encouraging the extensive use of analogies and providing no external benchmarks” for 

the idea generators. Goldenberg, Lehman, and Mazursky (2001, p. 74) note that firms 

can use such initial criteria as “templates” and “source of the idea” to predict the 

“emergence” and success of products. The products that can be categorized into one of 

the “templates” and serve customers’ need are potentially successful (Goldenberg, 

Lehman, and Mazursky 2001, p. 80). In their seminal work, Goldernberg, Mazursky, and 

Solomon (1999, p. 209) posit that the “templates,” which is derived from past data of 

successful products, can be used to guide the development of new product ideas and 

reduce the business risks resulting from the implementation of these ideas. 

Although idea development is important, past research suggests that the 

understanding of the activities in this pre–development stage is deficient (Calantone, Di 

Benedetto, and Schmidt 1999; Crawford 1994; Day, Gold, and Kuczmarski 1994; Flint 

2002; Montoya–Weiss and O’Driscoll 2000; Reid and de Brentani 2004). Review of the 

ideation studies in NPD literature indicates that majority of previous studies are either 
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conceptual (Boeddrich 2004; Coates, Cook, and Robinson 1996; Flint 2002; Huston 

2004; Kim and Wilemon 2002; Olson and Bakke 2001; Reid and de Brentani 2004; 

Vandenbosch, Saatcioglu, and Fay 2006) or case studies–based research that employs 

limited in–depth interviews (Khurana and Rosenthal 1998: 12 Japanese/US companies; 

Zahay, Griffin, and Fredericks 2004: 20 practitioners). Other case studies are based on 

a single industrial practice (Calantone, Di Benedetto, and Schmidt 1999: 1 company; 

Montoya–Weiss and O’Driscoll 2000: 1 company). Surprisingly, the number of empirical 

studies seems to be minimal (i.e., 7 studies, see for example Table 1). 

In summary, previous ideation literature indicates four prominent areas: the 

conceptual organization of idea development, idea selection/screening techniques, 

sources of ideas, and idea development techniques at the cognitive level. Although 

these streams of research yield some knowledge of ideation in NPD, there is a clear 

gap needed theoretical development that warrants additional scholarly and managerial 

attention. 

 

  



 12

TABLE 1 

EMPIRICAL STUDIES OF THE DEVELOPMENT OF NEW PRODUCT IDEAS 

Authors Methods (a) Unit Informants Key Findings 

Ames and Runco 2005 Interview, 
regression 

Individuals Entrepreneurs Successful entrepreneurs produce more ideas and do 
that in an untraditional way. 

Dahl and Moreau 2002 Experiment, 
ANOVA 

Team NPD practitioners and 
undergraduate engineering 
students 

Using analogical thinking without exemplar/cues 
increases the newness of ideas. 

Goldenberg, Lehman, 
and Mazursky 2001 

Archival data, 
logistic 
regression 

Product NPD experts Successful products are produced from the ideas that 
align with one of the existing idea categories and 
respond to customers’ needs. 

Goldenberg, Mazursky, 
and Solomon 1999 

Experiment, 
ANOVA 

Team Graduate students Product attribute classification using historical data of 
successful products can be used to guide the “new 
product ideation” (p. 200) process and reduce the 
business risks resulting from the implementation of 
these ideas. 

Griffiths-Hemans and 
Grover 2006 

Survey, SEM Individuals 
and 
organization

R&D and engineers in high 
tech firms 

Several factors are identified in the 3 stages of FFE, 
which include idea generation, idea evaluation and 
selection, and firms’ approval of new ideas. 

Lilien et al. 2002 Survey, t–test NPD Project NPD team members from 
various 3M divisions 

“Lead user” (p. 1042) process for their idea 
development exhibit higher estimation of NPD 
outcomes (e.g., sales, product newness, market share, 
and customer needs). 

Troy, Szymanski, and 
Varadarajan 2001 

Survey, 
regression 

Team Single informant from each 
NPD team, National 
Housewares 
Manufacturers Association  

Organizational climate and settings moderate the 
market information quantity–the number of new 
product ideas relationship. 

 
(a) SEM – Structural equation model 
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Research Gaps 

Product innovation is the result of firms’ “successful implementation of creative 

ideas within an organization” (Amabile et al. 1996, p. 1155). A new product idea, which 

is the prerequisite to the NPD task, “will be judged as creative to the extent that it is both 

a novel and appropriate, useful, correct, or valuable response to the task at hand” 

(Amabile 1983, p. 360). Firms generally expect the ideation process to generate 

creative ideas which are described as something not only original/new, but also solving 

customer problems (see Im and Workman 2004; Levitt 2002). 

It is clear that the development of new ideas is a task associating with creativity 

(Amabile 1983; Amabile et al. 1996). However, to this author’s knowledge, there is no 

theory–driven empirical ideation study, nor empirical creativity studies that focus on new 

product ideas framed in creativity (see Table 1 and 2). Perhaps, the most noticeable 

gap in the ideation literature is this lack of a robust theoretical foundation used in the 

extant literature. 

The “debate about the target, source, and criteria of creativity assessment” have 

produced a consensus regarding the creativity definition which focuses on the “attribute 

of creative products,” i.e., novelty and usefulness, “as the most useful approach for 

empirical study and theory development” (Ford 1996, p. 1114; see also Amabile 1983; 

Busse and Mansfield 1980; Mumford and Gustafson 1988). Therefore, novelty (or 

newness) and adaptiveness (or usefulness) are the two essential characteristics of 

creative ideas (Amabile 1983; Ford 1996). These two dimensions of creativity imply the 

involvement of social surroundings (or “social milieu”) which will later decide to what 

extent the ideas become new and useful to them (Csikszentmihalyi 1988, p. 325). It is 
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important for ideation research to address the incorporation of social surroundings’ 

influences in the processes of idea generation (Amabile 1983, 1996; Csikszentmihalyi 

1990).  

Social surroundings also impact ideation tasks in the sense that most of these 

tasks involve the group/team structure. People from relevant functions but different 

disciplines (e.g., R&D, NPD, marketing, engineering, etc.) could be assigned to the 

team to develop new product ideas. This cross–functional structure has been 

extensively studied in the process of new product development (e.g., Atuahene–Gima 

1996a, 1996b; Ayers, Dahlstrom, and Skinner 1997; Gatignon and Xuereb 1997; 

Leenders and Wierenga 2002; Li and Calantone 1998; Luo, Slotegraaf, and Pan 2006; 

Sherman, Souder, and Jenssen 2000; Song, Thieme, Xie 1998; Song and Montoya–

Weiss 2001) but, to the best knowledge of this author, no robust research has been 

conducted in the ideation process. The meta–analysis of cross–functional integration 

and NPD success reports that none of the NPD ideation studies has been specifically 

conducted on the cross–functional team (Hirunyawipada and Vahie 2005). As such, the 

empirical study of the ideation process should embrace the social surroundings in which 

the creative ideas will be implemented and adopted. 

As a creativity task, an ideation process is “heuristic” rather than “algorithmic” 

(Amabile 1983, p. 360–361). Heuristic tasks are those where the path usually includes 

speculative formulation, trial–and–error method, or not completely identifiable 

explanation to solve the problems; conversely, an algorithmic task has a clearly 

designated way to solve problems (Amabile 1983; Amabile et al. 2005). 
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TABLE 2 

EMPIRICAL STUDIES OF NEW PRODUCT DEVELOPMENT AND CREATIVITY 

Authors Methods(a) (b) Unit Informants Key Findings 

Andrews and Smith 
1996 

Survey, 
regression 

Project Consumer goods product 
managers 

Product managers’ knowledge and skill sets, their motivation, and working 
environment impact the “creativity of the marketing program” (p. 175).  

Bharadwaj and Menon 
2000 

Survey, 
regression 

Individuals 
and firm 

Senior management, 
cross–sectional data 

Creativity at individual and organizational levels collectively enhances 
innovative outcomes. 

Im and Workman 2004 Survey, SEM NPD team Project managers and 
team leaders 

The usefulness dimension of new products mediates the relationship 
between market orientation and new product success. 

Kickul and Gundry 
2001 

Survey, HLR Firm Chief executive officers of 
E–commerce firms 

Ability to identify business opportunity is a function of CEOs’ creativity. 

Kratzer, Leenders, and 
Engelen 2004 

Survey, 
regression 

NPD team NPD team members in 
digital products 

Interaction and communication among the members of subgroup inhibit 
teams’ creative outcomes. 

Leenders, Engelen, 
and Kratzer 2003 

Survey, 
regression 

NPD team NPD team members in 
electronic products 

Creativity increases when NPD team members moderately interact with all 
the other members of their teams. 

Menon et al. 1999 Survey, 
regression 

Firm Senior management, 
cross–sectional data 

The organizational culture that encourages innovation, openness, and 
quick feedback enhances the “marketing strategy making (MSM)” (p. 19). 
They also find that comprehensiveness of “MSM,” cross–functional 
integration, and communication quality positively correlate with “strategy 
creativity” (p. 25). 

Moorman and Miner 
1997 

Survey, 
regression 

NPD Project, 
team 

VP–Marketing of 
advertising firms 

The level of “organizational memory dispersion” (p. 95) correlates with 
new product performance and creativity. 

Prajogo, Power, and 
Sohal 2004 

Survey, SEM Firm Senior managers Managers’ ability to manage knowledge and creativity within their firms 
has direct impacts on product and process innovation. 

Stevens, Burley, and 
Divine 1999 

Survey, 
regression 

Individuals NPD analysts in a 
chemical company 

“MBTI creativity index” (p. 460) can be used to select creative staff to 
produce successful products. 

 

(a) SEM – Structural equation model 
(b) HLR – Hierarchical Multiple Linear Regression
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The generation of new product ideas is heuristic in the sense that it is the 

process whereby individuals generate variation of ideas in somewhat mysterious ways. 

Looking at a creativity task in this way may provide limited contribution to the idea 

development process where people work together in the complex social system (e.g., 

cross–functional integration teams dedicated for the NPD projects). This social system 

needs the interaction and often enhances the alteration of the original ideas to fit with 

evolving exigencies and customers’ articulated/unarticulated sought benefits 

(Vandenbosch, Saatcioglu, and Fay 2006; Roger 2003). 

In contrast, several studies have attempted to address the weakness of heuristic 

process by attempting to replace this process with an algorithmic approach. As Table 1 

illuminates, building too rigid of a framework to specify the idea generation procedure 

and constructing the static ideation schemes to facilitate the development of new ideas 

may not appropriately address the dynamism of idea development. Such a rigid 

framework as “structured approach to problem solving” can limit the depth and breadth 

of new product ideas (Prince 1970, p. 45 as cited in Tauber 1975, p. 68; see also Alford 

and Mason 1975). In addition, studies with an exclusive focus on single sourcing of 

ideas (i.e., customers) cannot augment the diversification of the ideas for new products; 

and this may lead to product disadvantages (Karmarkar 1996; Wind and Mahajan 

1997). Hence, the need for further understanding of the development for new product 

ideas is apparent. 
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Theory Development 

Creativity literature has suggested that theory development for creativity tasks 

should focus on the tasks’ inputs (or a “componential approach,” Ahuja and Thatcher 

2005, p. 431) rather than the characteristics of creative individual approach (Amabile 

1983, 1996). There is a clear evidence of unsound argument as to which cognitive 

capabilities and individual characteristics can be strongly related to the ability to 

produce novel and useful ideas (see Bailin 1994). This is strongly related to what 

Bharadwaj and Menon (2000) have discovered, that is, the firms having a low level of 

individual creativity (but a high level of organizational creativity) can deliver significantly 

superior innovative performance. 

Departing from the conventional psychological tests in which the main thesis 

centers on creative persons’ characteristics (e.g., Barron 1955; MacKinnon 1962, 1965), 

the “componential approach” (Ahuja and Thatcher 2005, p. 431) views the crucial inputs 

at the appropriate level of the idea development unit (e.g., group, team, connected 

groups, hierarchical structure of multiple groups–see Ford 1996) as a vital way to attain 

creative outcomes. From an “interactionist perspective” (Woodman, Sawyer, and Griffin 

1993, p. 294), Csikszentmihályi (1988, p. 336–337) suggests that creativity needs to be 

studied from a “system view” in which creative outcomes are produced by the individual 

creators (“the person” as the input to creativity tasks) who craft new ideas through the 

interaction with (1) those who select the ideas (“the field”) and (2) those who will adopt 

and disseminate the ideas to a larger group of people (“the domain”) (see also Ford 

1996, p. 1114). 
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Creativity has to be carefully considered using certain criteria because it is not 

the creator but rather the related groups of people who determine the extent to which an 

outcome of a creativity task becomes creative (Csikszentmihályi 1988, 1990; Ford 

1996). Any outcome that lies outside of the fields’ frameworks is likely to be judged as 

unwieldy rather than creative (Ford 1996). 

Both the “componential” (Ahuja and Thatcher 2005, p. 431) and “interactionist” 

perspectives (Woodman, Sawyer, and Griffin 1993, p. 294) illuminate a fundamental 

challenge in idea development research: the concurrent aim to accommodate extant 

ideation criteria and promote creative processes in NPD. To address this issue, this 

study takes the integrative approach by suggesting that the componential factors for a 

creativity task need to be revisited. Idea development may not be a task for an 

individual creator. The process of new idea development needs to include the multiple 

bases of knowledge and skills that reflect the criteria of the fields as the inputs for new 

product idea development. This can increase the likelihood that the fields will accept the 

new product ideas. 

Additionally, multiple knowledge bases together with competent individuals 

should be looked at as input for a creativity task to enrich variation through their 

interaction (Simonton 1999). The approach to understand the creativity task by 

incorporating both the idea generators’ knowledge and skills and multiple views that 

may reflect external fields (i.e., consumers, market, and competitors) and by allowing 

these crucial factors to freely interact has been suggested as the most practical way to 

gain acceptance from the market or target domain as well as enhance creativity (e.g., 

Crawford 1991). This view is supported by Durant (2002, p. 490) who suggests that the 
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perspective of “synchronicity” which encourages multiple points of views enhances the 

firms’ likelihood to generate new and meaningful product ideas. 

The second challenge arises from the nature of a creativity task and an attempt 

to manage the task. While the extant literature suggests that an ideation task is 

heuristic, most of research has pursued the creativity task as algorithmic process. The 

generation of new product ideas by an individual and/or a group of individuals implies 

that creative and habitual actions are rival behaviors (Ford 1996). That is, creative 

actions strive to increase variations while habitual actions endeavor to fall back to 

conventional ways of thinking. Freeing the ideation process to be completely heuristic 

(i.e., anything goes) may result in failure as well as breakthrough (i.e., just happens by 

chance) while too much of an algorithmic procedure could lead to repetitive uses of 

creators’ knowledge, resulting in the non–innovative outcomes (see Simonton 1983; 

Taylor and Greve 2006). 

Following Simonton (2003, p. 475), this study proposes that creativity is a 

“constrained stochastic behavior.” As he suggested, creativity “demands the intrusion of 

a restricted amount of chance, randomness, or unpredictability” (Simonton 2003, p. 

476). This view suggests that a creativity task should be modeled as “a quasi–random 

combinatorial process” (Simonton 2003, p. 475; see also the “chance–configuration 

theory of creativity” in Simonton 1997, p. 67). This approach seeks a balance between 

the heuristic and the algorithmic approaches, implicitly suggesting that creativity 

demands a certain level of restriction in which efforts can be focused to increase 

variation within specific “constraint” (Stokes 2006, p. 7; Simonton 1997, 1999, 2003). In 

a sense, constraint guides a creativity task to increase variability by “precluding reliable, 
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repetitive response and promoting unusual, unexpected ones” (Stokes 2001, p. 355; 

see also Stokes 2006; Stokes and Fisher 2005; Stokes and Harrison 2002). 

 

Research Contributions 

Understanding that the generation of new product ideas is truly important in the 

sense that it impacts the allocation of resources in later stages, the present study 

accordingly seeks to contribute to theoretical and managerial practices. First, focusing 

on the inputs for a team that generates new product ideas may advance the knowledge 

of how to select, organize, and structure the team components to achieve a fruitful 

ideation process. 

Second, this study suggests that the most effective way to achieve creativity is to 

strike a balance between algorithmic and heuristic process in which the interactions 

between the team members’ knowledge and skills, and other crucial factors play the 

vital roles in successful idea development, and this could be pursued by introducing a 

specific type of constraint into the framework of a creativity task. Constraint can be used 

to manipulate an ideation team’s psychological perceptions with an aim to stimulate and 

orchestrate the team’s cognitive efforts to generate creative ideas. It is the purpose of 

this study to identify the managerial mechanism to be employed when firms intend to 

effectively adopt the team format for generating new product ideas.  

Finally, the important dimensions of new ideas are addressed, as well. 

Psychological studies have identified several dimensions of new ideas (see Guilford 

1968). However, it is unlikely that all those dimensions (especially in the context of an 
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NPD pre–development stage) will have significant impacts on the success of NPD, 

especially if the success is considered in terms of efficiency and effectiveness.  

 

Unit of Analysis 

NPD teams in established–for–profit organizations are the units of analysis (e.g., 

Sethi 2000; Sethi, Smith, and Park 2001; Thamhain 1990) because most of NPD 

activities and new product idea development occur at the team level (Brown and 

Eisenhardt 1995; Hargadon and Sutton 1997; Khurana and Rosenthal 1998; Sutton and 

Hargadon 1996; Troy, Szymanski, and Varadarajan 2001). There is supporting 

evidence for the importance of the team–based approach in NPD. IBM’s research team 

conducted the survey of 765 organizational leaders from 20 industries around the world 

and found that these executives acknowledged the need to create a more team–based 

environment to foster innovation (IBM 2006). 

Adopting the team approach for new product idea development is appropriate, 

especially when the industries exhibit some specific characteristics. In markets where 

NPD is complex and needs interdependence (i.e., needs of integration) among different 

functional units, companies will benefit greatly from the adoption of teaming 

mechanisms because it effectively facilitates the collaboration and cooperation among 

different work units (Mohrman, Cohen, and Mohrman 1995). A recent study confirms 

that functional integration is more effective than an increase in R&D budget when new 

product success is a desirable goal (Jaruzelski, Dehoff, and Bordia 2005). However, this 

setting has gone unnoticed in creativity research (Kazanjian, Drazin, and Glynn 2000; 

see also Table 2). 
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Research Plan 

The following chapter (chapter 2) provides an inter–disciplinary review of the 

team, ideation, and creativity literatures. From this literature review, hypotheses are 

generated to explore the relationship between the creativity tasks’ inputs and potentially 

important dimensions of the creative ideas. Accordingly, the competing theories linking 

creativity and constraint will be brought into the framework to support the hypotheses, 

and a theoretical framework for empirical analysis is proposed. 

Chapter 3 deals with the research methodology. This is followed by an 

explanation of the research design. The population of interest is members of new 

product idea development team or NPD team members who are involved in the 

generation of new product ideas. This sample is drawn from the sectors clustered 

around technology industries. However, it is highly possible that the sample may come 

from different types of businesses even though they share similar technology context. 

Hence, a variable capturing the contextual difference will be controlled to accomplish 

some level of sample homogeneity. As suggested by Calder, Lynn, and Tybout (1981, 

1982), homogeneous sample allow researchers to observe more exact effects against 

their theoretical priori and accordingly reduces the chance of misinterpretation of the 

covariation between selected constructs in that research context. This is particularly 

germane to empirical study, especially in light of the research tradition of focusing on 

the effects of group behavior on their performance.  

In chapter 4, the research design focuses on the conceptualization and 

measurement of seminal constructs included in the model proposed in the preceding 
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chapter. The measures of the constructs come from three sources, including: (1) the 

scales borrowed from the existing literature, (2) the scales partially adapted from 

relevant others, and (3) the newly developed scales based on extant theories. The 

measures are reconciled with the constructs amalgamated within the proposed model, 

and multi–tier data analytics are presented to test the model. This chapter also critically 

assesses the reliability and validity of each construct. Pending the outcomes of reliability 

and validity testing, the data attempting to represent the (revised) model is tested using 

multivariate data analytics. The results of the data analysis are reported with respect to 

the hypothesized relationships presented in Chapter 2.   

Chapter 5 of the dissertation is a platform to discuss the implications gleaned 

from the empirical testing in Chapter 4. The data analysis is critically evaluated to 

assess the extent to which the hypothesized relationships provide a nomological 

framework for understanding the success of idea generation in the pre–development 

stage of NPD. The new concepts apparently emerging from the study as well as both 

the managerial and theoretical contribution will be deliberately discussed.  

This final chapter additionally provides the recapitulation of the relation between 

theoretical and practical rationality. This chapter briefly delineates the development of 

ideation theory in this dissertation. Then, the conclusions are framed in both the 

descriptive and normative implications from the model testing, with considerations of the 

limitations that exist in the research design. Finally, suggestions for future research are 

presented.
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CHAPTER 2 

HYPOTHESES 

Idea Generation in New Product Development 

The activities and decisions made during the development of new product 

concepts/ideas are special and complex. Several attempts have been made to examine 

“the fuzzy front end” (hereafter, FFE or the front end; Smith and Reinertsen 1992, p. 47) 

and its impact on new product development (hereafter, NPD) in order to cope with this 

ambiguous nature (Bacon et al. 1994; Cooper and Kleinschmidt 1994; Gupta and 

Wilemon 1988; Moenaert et al. 1995). Focusing on a high–technology setting at Nortel 

Networks, Montoya–Weiss and O’Driscoll (2000, p. 146) find that the FFE may include 4 

stages (e.g., “idea qualification, concept development, concept rating, concept 

assessment”). These important activities concerning the creation of new product ideas 

(e.g., “generation, collection, adoption, clustering, screening, selection, improvement”) 

and the decisions on innovation projects are the thesis of the FFE (Boeddrich 2004, p. 

275). Accordingly, this stream of research has expanded to incorporate several 

activities but it is very likely that all of the ideation efforts have principally revolved 

around two core activities: (1) new product idea development, and (2) the 

selection/screening of new product ideas (see Cooper 1988; Khurana and Rosenthal 

1998; Murphy and Kumar 1997). Figure 1 illustrates the multi–dimensionality underlying 

the front end of the NPD stage.
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FIGURE 1 

THE FRONT–END OF NEW PRODUCT DEVELOPMENT 

 

 
 

Sources:  Adapted from Anil Khurana and Stephen R. Rosenthal (1998), “Towards Holistic "Front Ends" in New Product Development,” Journal of 
Product Innovation Management, 15, 1, p. 59. Used with permission (see also Boeddrich 2004; Mohrman, Cohen, and Mohrman 1995; 
Montoya–Weiss and O’Driscoll 2000).
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As presented in Figure 1, the development of new product ideas requires 

simultaneous consideration of (1) “product strategy formulation and communication,” (2) 

“opportunity identification and assessment,” (3) customer and market consideration, and 

(4) product concept feasibility (Khurana and Rosenthal 1998, p. 59; Kim and Wilemon 

2002; Montoya–Weiss and O’Driscoll 2000; Murphy and Kumar 1997). Apparently, the 

interdependent activities in the front end occur on the continuing basis whereby new 

product ideas are developed to be appropriate to the target market and to enhance 

firms’ competitive position (Montoya–Weiss and O’Driscoll 2000). 

At the end of this pre–development stage, the front end purportedly generates 

new product concepts or ideas. Depending upon the outcome of primary executive 

review, firms’ approval of a new product idea is at the end the FFE where the execution 

of the NPD begins (Figure 1). The outcome of the FFE is the commencement of new 

product concept/idea that will subsequently need the corporate executives’ commitment 

to allocate necessary resources to implement the concept/idea in a subsequent NPD 

execution phase. 

 

Team–Based Approach for Idea Development 

Central to the ideation activities in the front end is the production of new product 

ideas by a group of individuals working together. The issue of team approach in 

developing new product ideas has been widely documented in the literature (e.g.,  

Khurana and Rosenthal 1998; Kim and Wilemon 2002; Kratzer, Leenders, and Van 

Engelen 2004; Leenders, Engelen, and Kratzer 2003). Some organizations may deploy 

a product champion approach where an original product idea is generated by an 
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individual. However, that idea still needs knowledgeable others to provide inputs and 

refine the original ideas to achieve the state of practicability. Therefore, a group work or 

team–based approach is suitable to unlock firms’ potential to generate new product 

ideas (see Mohrman, Cohen, and Mohrman 1995). 

 

Idea Generation and Creativity 

The front end is the first stage of the NPD process. It includes all the idea 

development activities that can lead to the organizational–level implementation of the 

product innovation process (Reid and de Brentani 2004). Idea development in the front 

end concerns itself with creativity task by creating the original ideas that are useful and 

socially appropriate (Amabile 1983, 1996). Because idea development is a creativity 

task, creativity theory is perhaps the most appropriate one to explain the extent to which 

the outcomes of the task are pronounced creative (Amabile 1983; Guilford 1950; Kris 

1952; Mumford and Gustafson 1988). 

According to the componential view in creativity theory (Amabile 1983, 1996), 

seminal works assert that creativity should be operationalized as a task’s outcome that 

is judged by knowledgeable others (see also Briskman 1980; Harrington 1990; 

Hausman 1979; Hocevar 1981). This idea is probably the most sensible and received 

remarkable support in the extant literature (e.g., Amabile 1983, 1996; Amabile and Conti 

1999; Amabile et al. 2001; Amabile et al. 2004; Amabile et al. 2005; Bailin 1994; 

Ghiselin 1963; Harmon 1963). 

Creativity is a result rather than a process and is impacted and justified by 

several relevant groups of people (or the “fields”) (Csikszentmihályi 1988, p. 325; see 
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also Busse and Mansfield 1980; Csikszentmihályi 1990; Ford 1996). The social groups 

or the “fields” in this sense represent the sub–community of people who also determine 

to what extent new ideas (as a creativity task’s outcome) are considered creative or 

innovative (Csikszentmihályi 1988, p. 325; Harrington 1990). These groups also perform 

a significant role in the process of choosing, maintaining, and disseminating the ideas to 

a larger group of potential adopters (Getzels and Csikszentmihályi 1975).  

Because creativity is context–dependent and needs the incorporation of “social 

recognition” as the judging criteria, it could be assessed by different important groups of 

relevant individuals in a specific social setting (Mumford and Gustafson 1988, p. 27; see 

also Getzels and Csikszentmihályi 1975). Specifically, Ford (1996, p. 1126) holds that 

the assessment of creativity in organizational settings is performed through the 

interaction among related “fields,” including: (1) “work unit members” (i.e., NPD team 

members), (2) “socialized organizational actors” (i.e., other members in the 

organization), (3) “functional/professional specialists,” and (4) customers (see also 

Csikszentmihályi 1988, p. 336–337). 

In the front end, the outcomes of idea development are new product ideas or 

concepts. Subsequently, these new product concepts will go through the execution 

phase of NPD where several NPD–relevant activities are performed by the 

organizational members in the related work units (or the “fields,” Csikszentmihályi 1988, 

p. 325; see Figure 1). In an NPD context, team members and customers seem to 

represent the two “fields” (Csikszentmihályi 1988, p. 325) that mainly involve in the 

assessment of a new product idea. The NPD team represents the work group that will 

adopt the ideas for the subsequent NPD phase whereas target customers of the product 
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originated by this idea are those who will consequently deal with new product adoption. 

From the “interactionist perspective” (Woodman, Sawyer, and Griffin 1993, p. 294; see 

also Csikszentmihályi 1988, 1990; Ford 1996), it could be suggested that the extent to 

which the new product idea/concept is considered creative depends upon the 

judgments of these two groups (i.e., NPD team and end customers) who will later 

accept and implement the idea for making new products, and adopt that product idea. 

The assessment of the idea development outcomes by these groups are discussed in 

following paragraphs. 

The NPD team is the first group to implement a new product idea in the 

successive activities. For example, the team will prepare the detailed design of the 

product, work together on the specification of the product, create the prototype, and 

help the project progress to the next stages of development. During the NPD process, 

the team members discover whether they have creative product concepts/ideas to 

execute. According to the creativity theories of which new and useful ideas are valued 

(Amabile 1996), a creative idea for this team is best defined as the idea that could fit 

and utilize the existing production infrastructure and probably increases the efficiency 

and effectiveness of the NPD process. 

The new product concept/idea should enhance the simplicity of the detailed 

designs and the preparation of specification. The idea should be well refined in order 

that it does not have to go back and forth between the pre–development and the NPD 

execution phases because this could prolong the development of the new product (e.g., 

increase in cycle time, inability to tap the potential market at the right timing etc.) as well 

as incur unnecessary costs which may diminish the product’s financial return. 
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The appropriateness/usefulness of the new product idea significantly affects the 

efficiency and proficiency of NPD (e.g., reduced cycle time, increased productivity) 

(Smith and Reinertsen 1991, 1992). This dimension of new product idea has exhibited a 

significant relation with the success of NPD while the relationship between the idea’s 

newness dimension (new to the firms) and the success of new products show several 

evidences of a disparate finding (Cooper 1979; Griffin 1997a, 1997b; Hayes, 

Wheelwright, and Clark 1988; Henard and Szymanski 2001; Page 1993; Rosenau 1988; 

Womak, Jones, and Roos 1990).  

From an NPD team’s view, the degree to which a new product idea is considered 

creative tends to be more about the idea’s usefulness/appropriateness with the process 

of NPD rather than newness. As such, the first creative outcome dimension reflecting 

the social recognition criteria of a group of NPD team members (the first “field,” 

Csikszentmihályi 1988, p. 325) is termed the idea appropriateness which reflects the 

extent to which a new product idea is appropriate to the NPD process. 

A group of target customers are considered the second “field” that will judge a 

new product idea (Csikszentmihályi 1988, p. 325; Ford 1996). Responses from target 

customers regarding new product ideas can be obtained during the execution phase of 

NPD when the prototype test and validation are conducted as well as during the market 

test of new product concepts. From the customer’s viewpoint, a creative new product 

idea is assessed by the degree to which the idea is useful and original/unique to the 

target group (Mintzberg 1988). A new product idea that could be executed to produce 

the product that solves customers’ problems, satisfies their needs, or becomes useful to 

them (respond to their sought benefits) is considered a useful idea (or idea usefulness); 
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and the new idea that could be implemented to generate customers’ perception of which 

the idea is original and unique is idea newness (see Figure 2). According to Cooper 

(1979), both dimensions of a new product idea possess significant impacts on the 

success of new products. 

In sum, the three dimensions of new product ideas represent the value that 

instigates the related influential groups to consider the ideas creative. The value of new 

product ideas implies their appropriateness which can enhance the efficiency of a NPD 

process as well as their usefulness and newness which can effectively satisfy the target 

customers’ needs and wants (or sought benefits) or solve customers’ problems. 

According to Brown and Eisenhardt (1995), the efficiency and effectiveness are the key 

indicators of new product success. NPD efficiency is defined in terms of “speed and 

flexibility of development,” that is, a new product could be made with “a fast, productive 

development process” while effectiveness reflects the extent to which NPD can result in 

a “product with unique benefits and fit–with–firm competencies” (Brown and Eisenhardt 

1995, p. 359, 366; see also Cooper and Kleinschmidt 1987; Zirger and Maidique 1990). 

It appears that both the efficiency and effectiveness of new product ideas enhance the 

success of NPD. 

 

Componential Factors and Creative Ideas: the Individuals 

The “componential theory” of creativity has consistently suggested that the inputs 

of the creativity task are the crucial factors to achieve creative outcomes for new idea 

generation (Amabile 1997, p. 42; see also Amabile 1983, 1996). Specifically, relevant 

knowledge and skills (or “domain–relevant skills,” Amabile 1983, p. 363) are needed to 
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produce creative ideas in a specific domain (Amabile and Conti 1999; Woodman, 

Sawyer, and Griffin 1993). Knowledge and skills are the functions of cognition, and “the 

integration and reorganization of cognitive structures is likely to underlie major creative 

contribution” (Mumford and Gustafson 1988, p. 27; Simonton 1999). 

Adopting this theoretical perspective (Mumford and Gustafson 1988; Simonton 

1999, 2003), this study proposes that the cognitive elements (or “knowledge elements,” 

see Amabile et al. 2005, p. 368) and configuration are the foundations for understanding 

creative outcomes in the development of new product ideas. Since this study focuses 

on the team level where most of new product activities occur (Brown and Eisenhardt 

1995), knowledge and expertise for the production of new product ideas in an 

organizational setting can be looked at from two different levels–individuals and team. 

Individuals in this sense are persons assigned to the development of new 

product ideas. Baer (1993) suggests that the actual performance of ideation is 

influenced by a distinct input for the task. That is, the availability of individuals’ 

necessary expertise. To be creative in a particular area, at least one should have 

relevant knowledge and skills (Taggar 2002). This expertise encompasses 

“competencies and talents applicable to the domain” or simply put, “everything that the 

individual knows and can do in the particular domain” (i.e., NPD team members’ 

relevant knowledge and skills) (Amabile 2001, p. 333). It is an individual’s specialized 

knowledge, skills, and experience in the domain (specialization). 
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FIGURE 2 

CONCEPTUAL FRAMEWORK 
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Following the “componential theory” of creativity (Amabile 1997, p. 42; Taggar 

2002), this study defines specialization as the extent to which individuals possess 

knowledge required for their functions as well as know how to implement that 

knowledge for a specific task within that product domain. Domain reflects a meticulous 

set of products. The idea of product domain is also distinct in consumer perspective. 

From a traditional view, products within the same category encompass similar 

attributes. However, consumers assemble product groups using their “familiar usage” 

rather than the product’s conventional categories (Ratneshwar and Shocker 1991, p. 

291). A product domain encapsulates the degree to which customers perceive several 

products with similar/complementary usages and benefits to be in the same cluster of 

interest. This product domain view is appropriate especially when technology becomes 

converged, resulting in increased usage similarity and less distinct categories among 

the products. 

In NPD context, specialization in a product domain could be explained as the 

complementary knowledge bases. For example, personal digital assistants (PDA), 

laptop computers, cell phones, computer game console, portable music player etc. may 

be classified into different product categories (e.g., consumer electronics, computers, 

telephone). However, many attributes of these products have been developed by 

utilizing some complementary knowledge bases. These relevant–knowledge bases 

make up the product domain specialization that can be utilized to generate new product 

ideas within that domain. In this sense, individuals possessing a depth of such 

knowledge and skills are considered specialized in their domain (Taggar 2002).  
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Specialization also includes one’s “memory for factual knowledge, technical 

proficiency, and special talents in a target work domain” (Amabile 1997, p. 42). In a 

sense, it is an individual’s technical, procedural, and intellectual knowledge and skills for 

that problem domain. Specialization could be the problem solvers’ “network of possible 

wanderings” (Amabile 1983, p. 363). This refers to cognitive elements (or “knowledge 

elements,” Amabile et al. 2005, p. 368) that guide individuals to solve a given problem 

or perform a given task in a specific domain. Simonton (1999, p. 79) views these 

elements as individuals’ “repertoire of ideas.” Each cognitive element represents the 

chunk of ideas that could be related to the product domain. The amount of cognitive 

elements available in memory reflects the extent to which individuals are specialized in 

the domain. 

As proposed by Simonton (1999), the number of cognitive elements becomes 

crucial to individuals’ ability to produce creative ideas. He asserts that the internal 

process of idea generation within a creator’s mind comprises the “variation–selection 

process” (Simonton 1999, p. 26). This is strongly supported by Costello and Keane 

(2000, p. 301) who hold that “conceptual combination often involves two processes: 

first, the construction of a combined concept, and then the use of that constructed 

concept to find an existing referent in the preceding discourse context.” In the process 

of variation, individuals resemble the available cognitive elements to generate novel 

ideas (Simonton 1999, 2003). A creative idea or an invention is somehow a new 

combination of cognitive elements that have been gathered and stored in the memory 

(Offner 1990; Schumpeter 1934; Woodman, Sawyer, and Griffin 1993). Simonton 

accordingly notes that “to generate ideational variations, a person must have a sufficient 
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repertoire of ideas that can be subjected to some combinatorial procedure” (1999, p. 

79). Therefore, the more the person has cognitive elements or specialization, the more 

likely that person can assemble new combinations, thus resulting in novel ideas.  

Specialization also possesses important impacts on the selection process. 

Simonton (1999) suggests that in an idea creator’s internal selection process (at the 

“cognitive level,” see Simonton 1997, p. 67), the idea creator with large number of 

cognitive elements has better chance to appropriately align those elements to the given 

problem (see also Amabile et al. 2005). This mechanism can establish the internal 

criteria within a creator’s mind to select novel ideas (or reject non–novel ideas) that are 

adaptive to the given problem or the environment. These variation and selection 

processes intermingle while the creative process unveils. 

The concept abovementioned could be applied in the NPD context. For example, 

a research and development (R&D) expert in developing a laptop computer likely has 

knowledge about its parts, materials, component functions and utilities, and how all 

components work together as a single product. He or she encompasses knowledge 

about utilities and functions of several components that can be recombined, rearranged, 

or utilized for different product within that domain, i.e., knowledge about memory chip, 

random access memory, circuits, digital data technology, display units, input and output 

signal, and processor. All of these can be considered the chunks of ideas/information 

stored in that person’s memory and represent his or her number of cognitive elements.  

When that person comes to develop a new product concept of a new portable 

music player, he or she can utilize knowledge and experience about the laptop 

computer parts to create a novel, portable music player by putting together some 
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components that can provide new functions and features. A new music player may 

utilize the same technologies (e.g., memory, sound system, software) the creator learns 

from developing the laptop computer to generate a new product concept that 

outperforms several others in the market. In this sense, the expert develops a new 

product idea/concept by recombining his or her existing cognitive elements. The more 

specialized the person is, the more the number of the recombination or new product 

ideas he or she can produce. 

Moreover, an expert’s specialization has built for that person the internal criteria. 

These criteria could be used as reference to select and recombine the cognitive 

elements that could result in the appropriate ideas for a given problem. The creator with 

a high level of specialization has learned what kind of new product ideas are considered 

new, useful for a given problem, and appropriate for the firm’s existing production 

system. New combinations of cognitive elements or new ideas can be tested against 

these criteria for usefulness, appropriateness, and novelty. Therefore, it can be 

proposed that: 

H1:   As the level of specialization of an idea creator increases, the creator 
generates a higher level of idea newness. 

H2:   As the level of specialization of an idea creator increases, the creator 
generates a higher level of idea usefulness. 

H3:   As the level of specialization of an idea creator increases, the creator 
generates a higher level of idea appropriateness. 

 

Componential Factors and Creative Ideas: the NPD Team 

As NPD becomes more complex, the generation of creative new product ideas 

needs “a greater amount of domain–relevant knowledge and skills” (Griffiths–Hemans 
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and Grover 2006, p. 29). Using a team or group has been identified as an effective 

approach to enhance knowledge utilization and the generation of new ideas (Nijstad, 

Diehl, and Stroebe 2003). There is a higher chance that people can develop creative 

ideas when they work together as a team (Nijstad, Diehl, and Stroebe 2003; Paulus et 

al. 1993; Stroebe, Diehl, and Abakoumkin 1992). Dennis and Valachich (1994) compare 

group performance among the integral groups, several small sub–groups, and 

individuals and find that the integral groups are the most efficient setting for generating 

new ideas. Paulus and Yang (2000) conclude that team could be an appropriate way to 

increase creativity and innovation in an organization. 

This team–for–innovating concept has been witnessed in NPD where 

practitioners have recognized the importance of the use of team to utilize multiple 

knowledge bases in developing new products (see Kappel and Rubenstein 1999; 

Mohrman, Cohen, and Mohrman 1995). The success of Toyota’s NPD has shown 

positive relation with the impressive degree of integration among involving functions 

while the company ensures that those functions maintain their expertise (Sobek, Liker 

and Ward 1998). In the group brainstorming studies, Sutton and Hargadon (1996; see 

also Hargadon and Sutton 1997) spent almost a year on their ethnographic study of 

NPD teams at IDEO–a prominent new product design and idea generation firm. This 

study shows that, among the others, diverse functional background is a part of the 

teams that conduct the efficient and effective brainstorming. This may imply that diverse 

expertise could enhance the idea development for new products. 

Based on the above discussion, diverse expertise is defined as the team or 

group approach that has been used to actively recruit members with different expertise 
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in different functional background and skills to an idea generation task (see Ford 1996; 

Khurana and Rosenthal 1996). Diverse expertise in this sense represents the idea–

generation team members’ expertise to serve as raw materials for ideation.  

Incorporating diverse expertise into an ideation team increases the number of 

domain–relevant knowledge sources (e.g., R&D staff, industrial designers, marketers, 

engineers). An example of the utilization of diverse expertise in the development of new 

product ideas is the formal use of brainstorming session during idea development (e.g., 

Hargadon and Sutton 1997; Sutton and Hargadon 1996). This setting allows the design 

team members to access diverse knowledge sources. Diverse expertise can also 

channel additional knowledge from a firm’s external sources or organizational memories 

(i.e., archived data from previous NPD projects), thus increasing the number of 

knowledge bases within the team as well, i.e., marketing staff can bring in knowledge 

from marketing consultants while production engineers can share new knowledge from 

suppliers. 

Having diverse expertise within an ideation team directly increases the gross 

number of cognitive elements available to the team (however, some of these elements 

may be replicated while some of them could be complementary). Generally, the 

availability of these cognitive elements directly correlates with the possibility of creative 

idea generation (Taylor and Greve 2006). When the team members confront an ideation 

task, they get into the process of searching a “space of possibilities” or the possible 

combinations of cognitive elements in their memory (Dahl and Moreau 2002, p. 48; see 

also Newell 1990; Perkins 1997). The ideation team high with diverse expertise allows 

its members to build on the expertise of others by having access to more knowledge 
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sources during the creativity task process (Hargadon and Sutton 1997; Sutton and 

Hargadon 1996). As such, the probability of novel ideas may be high when the ideation 

team is composed of individuals with diverse expertise. 

Support of this idea can be found in extant research. It is believed that the 

increase in the availability of knowledge bases can increase the probability of 

knowledge activation in multiple existing domains (Nijstad, Diehl, and Stroebe 2003). 

The availability of multiple bases of knowledge allows the team members to “borrow 

both attributes and relations from available domains and use them in the creation of a 

novel target” (Dahl and Moreau 2002, p. 48). Conversely, expertise that is too specific 

limits the breadth of cognitive elements and leads the idea creator to a conventional 

way of thinking (Ford 1996; Simonton 1983). It is very likely that diverse expertise can 

increases the potential of additional associations or new ideas that the team members 

can produce as well as the breadth of ideas that the creators can selectively retain as 

the most appropriate to a problem at hand, i.e., useful to customers and appropriate to 

the NPD production facilities. 

The positive impacts of diverse expertise on creativity can also be explained in 

terms of the interaction between different “performance scripts” (Amabile 1983, p. 363; 

see also Schank and Abelson 1977). Team members from different functional 

backgrounds encompass expertise in different knowledge bases (i.e., expertise in 

different functions) and probably different knowledge domain (i.e., expertise in different 

product domains). When the ideation team members are assigned to a creativity task, 

each creator brings in his or her “scripts” (Amabile 1983, p. 363; Schank and Abelson 

1977) to solve the assigned creativity problem, that is, the creation of a useful and novel 
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product idea/concept. In groups, idea–sharing individuals are exposed to more “scripts” 

during their session than solitary idea generators, and there is much potential for 

“cognitive stimulation” in groups (Nijstad, Diehl, and Stroebe 2003, p. 149; see also 

Brown et al. 1998; Paulus, Larey, and Dzindolet 2000) as well as the re–examination of 

each others’ “scripts” (Amabile 1983, p. 363–365; see also Langer and Imber 1979). 

This interaction can stimulate creative thinking (Nijstad, Diehl, and Stroebe 2003). 

Moreover, this process allows the idea creators to build on other experts’ ideas (see 

Osborn 1993) by providing clues for new combination. A greater amount of new 

association consequently increases the breadth of newly combined cognitive elements 

(or ideas) that can be appropriately selected for a given quandary. 

According to Parent et al. (2000), it is suggested that the team setting with 

diverse expertise allows the idea to be intricate and improved through interaction within 

the team. For instance, the R&D staff may propose a new product idea to the team. This 

idea may stimulate knowledge bases of marketing staff and production and design 

engineers during an idea–sharing session. Creators from both functions may enrich the 

idea to achieve the level of usefulness to customers as well as appropriateness for the 

existing manufacturing system while maintaining its newness dimension. In similar 

fashion, marketing staff may suggest a new product concept which, based on marketing 

knowledge bases, is considered unique and useful to customers. Creators from R&D 

function may also suggest a minor change in the product components to exhibit the 

market value of newness and usefulness while their proposed ideas may spark new 

inputs from manufacturing engineers to redesign the prototype to appropriately and fully 

utilize the production facilities (e.g.,  Kazanjian, Drazin, and Glynn 2000). In summary, it 
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can be proposed that diverse expertise enhances creativity, especially the new, useful, 

and appropriate ideas. Consequently, it is hypothesized that: 

H4:   As the level of diverse expertise of the ideation team members increases, 
they generate a higher level of idea newness. 

H5:   As the level of diverse expertise of the ideation team members increases, 
they generate a higher level of idea usefulness. 

H6:   As the level of diverse expertise of the ideation team members increases, 
they generate a higher level of idea appropriateness. 

 

Constraint and the Componential Factors–Creativity Relationship:                          
Impact on Individuals 

The concept of constraint has long been researched in the extant studies (Carey 

1985; Chomsky 1957; Fodor 1983; Gelman and Gallistel 1978; Keil 1981; Li and 

Gardner 1993; Stokes 2001; Stokes and Fisher 2005; Stokes and Harrison 2002). 

These researchers propose that “human cognition is seen as not infinitely constructive 

or wholly adaptive; rather, it is constrained,” that is, it is constrained by some factors 

that set the framework for acquiring proficiency within that framework (Li and Gardner 

1993, p. 95). This is supported by Johnson–Laird (1988, p. 216) who asserts that “the 

creator generate ideas making use of some initial constraints.” The general concept of 

constraint on creativity holds that one constraint “promotes (or directs search among) 

high variability, novel responses” that could lead to creative outcomes, and 

simultaneously “precludes (or limits search among) low–variability, tried–and–true 

responses” that could lead to conventional results (Stokes and Fisher 2005, p. 284; see 

also Stokes 2001, 2006; Stokes and Harrison 2002). 
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Several definite constraints have been suggested (e.g., “goal, domain, talent, 

cognitive, subject, source”) to have the effects on creativity (Stoke 2006, p. 8; Stokes 

and Fisher 2005, p. 285). However, these constructs seem to be overlapped and, to the 

best of this author’s knowledge, have not been empirically developed or intensively 

validated. Stokes and Fisher (2005) suggest that only goal constraint seems to be 

global and probably directs all lower level constraints. In addition, they suggest that goal 

constraint encapsulates the overall criteria and “stylistic conventions” for a particular 

domain (Stokes and Fisher 2005, p. 283; see also Stokes 2006). Hence, incorporating 

goal constraint into the framework of creativity seems to implicitly delineate the overall 

impacts of constraint on creativity. 

Adopting this perspective (Johnson–Laird 1988; Stokes 2006), this study 

suggests that goal constraint for NPD reflects the frame of reference for new product 

ideas to be developed. For example, goal constraint for creativity in architecture for 

Frank Lloyd Wright was “an organic structure, which he articulated as – among other 

things – building from the inside out, making a unit of the building and its environment” 

(Stoke 2006, p. 75). By setting goal constraint in this way, “Wright precluded separation” 

and directed the search of ideas on designing “as if a house were a single room” (Stoke 

2006, p. 71). He excludes the other design pattern and focus on the box concept to 

enhance variation that is useful to buyers within that constraint (Stoke 2006). Another 

example, Stoke (2006, p. 91) notes that “functional” is an important goal constraint for 

creativity in Leo Burnett’s advertising. Functional advertisement gets target customers 

to behave (as directed by the ads). Within this constraint, creative staff can produce 

variation much more efficiently, i.e., anything new but functional. One employee at this 
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firm noted that “if we tried to create without constraints, the ads would just be noise” 

(Stokes 2006, p. 100). 

In consumer electronic context, goal constraint for Philips’ product development 

is probably “sense and simplicity” or “humanized technology” (see Tiplady 2005). The 

company sets its goal constraint for new designs and new product ideas that technology 

should not increase difficulty for users (“simplicity”) but it should be designed around the 

users’ daily activities (“sense”) (Tiplady 2005). For example, Capell (2006) wrote that, 

“…any lay person can operate Philips’ Heart Start defibrillators to shock a topped hear 

back into action.” Capell (2006) further described that, “There's also the Perfect Draft 

beer dispenser, a twist on Philips' hugely successful Senseo coffee makers, which 

allows you to enjoy the same cooling, pressure, and foam at home that you do in the 

pub.” By setting the constraint in this way, Philips design team shifts focus from 

hardware toward building extensive interaction with its end customers (or the “field,” 

Csikszentmihályi 1988, p. 325) who will adopt the product ideas and the finished 

products (see also Capell 2006; Tiplady 2005). The design team is also exposed to 

groups of professionals within the product domains (see Capell 2006), and these people 

represent another social group that judges the product ideas. This approach 

perpetuates the team members to acquire essential knowledge from imperative social 

groups under the guidance of their established constraint (see Philips’ NPD practices in 

Tiplady 2005). 

In this sense, goal constraint attempts to locate possible associations within the 

space that locates between heuristic and algorithmic ends. Goal constraint does not go 

deep into detail by drawing the rigid scheme for new thought. Instead, goal constraint 
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prohibits the waste of cognitive efforts and uncreative association by inhibiting 

anything–goes (completely heuristic) approach. At the same time, goal constraint 

directs specialization of idea generators to “the scope of explored possibilities” 

(Goldenberg, Lehmann, and Mazursky 2001, p. 72). As suggested by Finke, Ward, and 

Smith (1996, p. 32), “restricting the ways in which creative cognitions are interpreted 

encourages creative exploration and discovery and further reduces the likelihood that a 

person will fall back on conventional lines of thought” (see also Goldenberg, Mazursky, 

and Lehmann 1999, p. 204). This constraint increases the potential to have greater 

variation within that scope (compared to without constraint) and prevent the generators 

to surrender themselves to habitual views (Finke, Ward, and Smith 1992; Goldenberg, 

Mazursky, and Lehmann 1999). 

From a cognitive psychology perspective (Simonton 2003, p. 485), goal 

constraint should be “vague” and “ambiguous” or “any combination” of these 

characteristics. For example, goal constraint of Philips’ new product design is loosely 

defined (i.e., advanced technology with extremely ease of use) rather than strictly 

characterized (i.e., specific features or attributes of certain products). In a sense, goal 

constraint can frame the boundary for the combinations/associations of cognitive 

elements. Idea creators with a high level of specialization have more cognitive elements 

than novice. With this mild restriction, the idea creators high with specialization can 

increase atypical combination (rather than typical combination which is unlikely to result 

in creative ideas) of available cognitive elements within the constraint (Finke, Ward, and 

Smith 1992). This can lead to more original associations and increase the breadth of 
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new cognitive combinations that increases the chance to generate ideas appropriate for 

a given quandary. Hence, the process results in more new and useful ideas. 

This goal constraint–creativity idea is additionally supported by cognitive 

psychology research which has shown that moderately restricting the scope of an 

ideation task enhances innovative productivity and industrial practices (e.g., Brown and 

Duguid 2000, 2001; Khurana and Rosenthal 1998; Perkins 1981; Perkins and Grotzer 

1997; Weisberg 1992). The seminal works in “new product ideation” (Goldenberg, 

Mazursky, and Solomon 1999, p. 200) support the increase of idea generation 

effectiveness when the creators are given some limits on “the scope of explored 

possibilities” (Goldenberg, Lehman, and Mazursky 2001, p. 72).  

A case study at Google is among several good examples. According to her 

experience as the vice–president for search products and user experience at Google, 

Mayer (2006) noted that “when balanced with a healthy disregard for the impossible, 

constraints can shape and focus problems, leading to truly creative solutions.” A field 

example from Google strongly supports this idea. Goal constraint for the development of 

a new Google Toolbar is “to create a toolbar that works for all users” i.e., all types of 

users’ monitors and all kinds of Internet connection (Mayer 2006). Google idea 

development team encompasses specialization in the product domain. Goal constraint 

reflects the “the scope of explored possibilities” (Goldenberg, Lehmann, and Mazursky 

2001, p. 72) of which the changes in customers’ behavior must be minimized by 

allowing them to continue using what they currently have (i.e., current monitors and 

dial–accessed connections with narrow bandwidth when they adopt Google’s new 

features) (see also Mayer 2006). By framing the problem in this way, goal constraint for 
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the Google idea development team is moderately set. The constraint establishes the 

space of association and allows the ideation team to be more creative by increasing 

variation of their new product ideas within what customers’ acceptance range. This goal 

constraint stimulates their cognitive efforts to come up with atypical combination base 

on their available cognitive elements within the constrained framework. Mayer (2006) 

concluded that the development team successfully came up with new functions within 

that constraint–the condition of which any type of customers’ Internet connection and 

monitors could be used to run the Google’s new toolbar. 

The above discussion reaffirms that conditioning the ideation process with goal 

constraint precludes the area beyond the acceptance range of customers and 

simultaneously promotes the search for variation within an appropriate high variability 

(and possibility) space. In a sense, goal constraint directs the specialization of idea 

generators to the moderately defined framework, thus increasing the potential to have a 

higher variation within that constraint (compared to without constraint) and prevent the 

generators from falling into a trap of conventional train of thought. Hence, it could be 

proposed that: 

H7:   As goal constraint in the development of new product ideas increases, an 
idea creator having a high level of specialization generates a higher level of 
idea newness than the creator having a low level of specialization. 

H8:   As goal constraint in the development of new product ideas increases, an 
idea creator having a high level of specialization generates a higher level of 
idea usefulness than the creator having a low level of specialization. 
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Constraint and the Componential Factors–Creativity Relationship:                          
Impact on NPD Teams 

While goal constraint helps promote the variation by framing specialization (or 

aligning cognitive elements) in the creators’ mind, it can stimulate creative idea among 

diverse experts in an ideation team. Having diverse expertise in a new product idea 

generation team allows the integration of diverse knowledge sources, resulting in more 

available cognitive elements. According to Simonton (1999), the availability of these 

elements improves the chance of associations and variation (see also Paulus and Yang 

2000). However, an attempt to integrate different expertise may result in too–diverse 

knowledge. Attempting to recombine too–diverse knowledge is unlikely to generate 

creative outcomes (Gough 1976; Mumford and Gustafson 1988). “When knowledge 

component are diverse, uncertainty about the value of each component increases the 

uncertainty of the output, however, and so does uncertainty about the optimal way to 

combine components” (Taylor and Greve 2006, p. 727). The integration of the ideation 

team members with extremely diverse knowledge may end up with failure as well as 

radical innovation (see Taylor and Greve 2006). 

Goal constraint can facilitate the combinations of knowledge elements by 

providing the frame of reference (e.g., advanced technology at ease of use, lowest 

behavioral trade–off, functional, etc.) (Stokes 2006). This reference precludes the 

combination of too–diverse knowledge elements which can result in awkward and 

unfeasible outputs (e.g., Arthur 1989; March and Simon 1958; Taylor and Greve 2006) 

and simultaneously promotes variation from the new association of knowledge elements 

within the frame of reference (Stokes 2006). This constraint increases the opportunity to 

have the recombination of moderately remote cognitive elements. The extant literature 
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has shown that “the use of moderately rather than highly remote associations is related 

to creative achievement in professional occupations” (Mumford and Gustafson 1988, p. 

33; see also Gough 1976; MacKinnon 1962). In addition, it is possible that goal 

constraint can get the ideation team members focus on the exploitation of their 

specialization within the frame of reference (or constrained territory). This can stimulate 

the dialogues among the team members and maintain the momentum of the team’s 

idea sharing. Paulus and Yang (2000) assert that the idea sharing can stimulate team 

cognition. Thus, goal constraint can enhance new associations among the ideation 

team members. It is very likely that when there is an increase in the moderately remote 

association or newly generated ideas within the team, the availability of these ideas 

enhances the breadth of newly combined ideas. These affluent associations enrich the 

chance for the team to selectively retain the ideas most relevant to their problems, thus 

increasing the potential for novel and useful ideas.  

H9:   As goal constraint in the development of new product ideas increases, an 
ideation team having a high level of diverse expertise generates higher level 
of idea newness than the team having a low level of diverse expertise. 

H10: As goal constraint in the development of new product ideas increases, an 
ideation team having a high level of diverse expertise generates higher level 
of idea usefulness than the team having a low level of diverse expertise. 

 

Goal Constraint–Creativity Paradox 

In the process of new product idea generation, perceived goal constraint may 

raise concerns regarding their jobs and assigned tasks (or job stress) among the 

ideation team members. Ofori–Dankwa and Julian (2004, p. 1459) assert that 

employees’ job stress or concerns can incur “cognitive tension” (see also Newton and 
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Keenan 1987). This stress or tension could engender the team members’ feeling (i.e., 

feel challenge from.., feel stress from.., and feel pressure from…) which is another type 

of affect (see Barsade and Gibson 2007). 

Review of extant literature reveals that the influence of affect on creativity is not 

consistent across several studies. According to Barsade and Gibson (2007), the positive 

affect directly correlates with creative performance. Montgomery, Hodges, and Kaufman 

(2004) similarly note that creative result is enhanced by a positive mood state. However, 

there is evidence that tension exhibits negative effect on creativity (Van Dyne, Jehn, 

and Cummings 2002). Moreover, George and Zhou’s (2002) study reveals the 

surprising results in which creativity exhibits direct relation with negative moods and 

inverse relation with positive moods. This plurality of the relationship between affect and 

creativity are also found in business and creativity literature (e.g., Filipowicz 2006; 

Wright and Walton 2003). 

Although this study has argued that goal constraint construes creativity, the 

common wisdom probably holds that this constraint may simultaneously inhibit 

innovative way of thinking. The inconsistencies in extant literature render this study to 

adopt the paradoxical view to explain the goal constraint–creativity relation. 

As proposed by Lewis (2000, p. 774), the “paradox framework serves as a lens 

for examining surprising findings and seemingly absurd aspects.” Adopting the 

paradoxical concept (Lewis 2000), Ofori–Dankwa and Julian (2004) postulate that the 

impact of affect on creativity could be speculative as paradox. They delineate that job 

stress (or goal constraint in this study context) at low to moderate level acts as 

motivation for designated staff to accomplish the task while too much stress causes 
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counterproductive creative performance (Ofori–Dankwa and Julian 2004; see also 

Hollenbeck et al. 1995; Oldham et al. 1995). This idea also gains support from the 

affect–creativity relationship research. Using Martindale’s (1981, 1995) theories, James, 

Brodersen, and Eisenberg (2004) propose that (1) mild–to–moderate arousal can 

increase cognitive resources and direct the creators to pay attention to new association, 

and (2) arousal exceeding moderate level reduces cognitive resources because it 

diverts the creators’ attention from the combination and probably disengages the 

creators from the acquisition of information that is necessary for the generation of new 

ideas (see also Isen, Daubman, and Nowicki 1987; McAdam 2006; West and Martindale 

1996). Because the amount of cognitive resources has direct impact on creativity of 

ideas (e.g., idea newness, idea usefulness) (Simonton 1999), it could be speculated 

that goal constraint has inverted U–shaped relationship with creative outcomes. 

H11: As goal constraint increases beyond the moderate level, it is likely that this 
constraint inhibits idea newness in the development of new product ideas. 

H12: As goal constraint increases beyond the moderate level, it is likely that this 
constraint inhibits idea usefulness in the development of new product ideas. 

 

Planned Analysis: Model Specification 

To test the hypothesized relationship, the estimated models are specified as the 

following forms (see also Figure 2):       

1iε4iX7α
2
3iX6α3iX2iX5α3iX1iX4α3iX3α2iX2α1iX1α1

u
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Y ++−+++++=  Model1

2iε4iX14α2
3iX13α3iX2iX12α3iX1iX11α3iX10α2iX9α1iX8α2u2iY ++−+++++=  Model2

3iε4iX17α2iX16α1iX15α3u3iY ++++=  Model3
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where 1Y  is idea newness; 2Y  is idea usefulness; 3Y  is idea appropriateness; 1X  is 

specialization; 2X  is diverse expertise; 3X  is goal constraint; 4X  is covariate; iα  is 

parameter estimates; and iε  is an error of estimation. The exponential terms 

( 2
3i63i3 XαXα −+  and 2

3i133i10 XαXα −+ ) are specified to test the curvilinear relationship 

between goal constraint and idea newness and usefulness (Aiken and West 1991; 

Cohen et al. 2003). 

The model is run using a multivariate technique (Cohen et al. 2003; Hair et al. 

1998; Jaccard, Wan, and Turrisi 1990; Neter et al. 1996) while all necessary statistics 

are verified to satisfy the technique’s statistical assumptions. Although the interest of 

this study is within the context of identifying the effects of componential factors and 

constraint on creativity in a new idea development team environment, it is asserted that 

the research frame should incorporate the influential factors as well as the confounding 

variables that may provide rival explanation. This approach can allow the unique 

impacts of componential factors and goal constraint on creativity to be clearly identified.  

Therefore, turbulence is selected as the potential covariate and is included in the 

model. This construct measures rivalry intensity and environmental changes, especially 

the changes concerning technology, customers’ product preferences, and market 

(Atuahene–Gima 2005; Jaworski and Kohli 1993). Turbulent environment may put 

certain level of pressure on idea creators to generate new products that capture these 

changes. This state of team members’ mind may prevent them to take an 

unconventional approach to create new product ideas. Because this construct 

measures various contextual aspects that could influence the outcome of the ideation 

process in NPD, the inclusion of turbulence in the model is fairly justified. 
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CHAPTER 3 

METHOD 

Sample Frame and Procedure 

The technological product industries are selected as the study context to test the 

hypothesized model and its associated hypotheses. Several industries that are 

considered moderate to high technology use cross–functional structure and rely on a 

team approach to develop new products. These types of sectors represent the cross–

sectional data that can allow a survey approach to capture the variation among idea 

creators, teams, and organizational setting (captured in the major constructs and a 

covariate in the hypothesized model). Additionally, these industries require high level of 

technical skills and interdependence among different work functions (e.g., Kazanjian, 

Drazin, and Glynn 2000), which is consistent with the team–based approach envisioned 

in this study. It is envisaged that this can increase the correspondence between context 

and respondents. 

To this end, this study employs the multimode strategy for data collection. Both 

mail and web–based surveys were used for gathering data. Review of the literature 

suggests that mail and online surveys “complement each other” and should be used 

together to increase sample representativeness (Ilieva, Baron, and Healey 2002, p. 362; 

see also Roster, Rogers, and Albaum 2004; Schaefer and Dillman 1998). Ilieva, Baron, 

and Healey (2002) suggest that there are several advantages of online survey, including 

(1) increased response rate, (2) reduced response time, and (3) greater data quality. 

According to their study, the virtual surveys exhibit 15%–29% response rates in 1999; 

34% of the online surveys were completed within less than two weeks, 33% within two 
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to four weeks, and 33% took longer than four weeks (Ilieva, Baron, and Healey 2002, p. 

364–366). In addition, a researcher using web–based survey can control its availability 

to potential respondents and receives more complete information than mail survey 

(Ilieva, Baron, and Healey 2002; Schaefer and Dillman 1998). Based on several 

evidence of advantage, web survey was used along with mail survey. 

As with any key informant research, the goal of this study is to identify the person 

who would be knowledgeable about the front end as well as NPD (Cini, Moreland, and 

Levine 1993). The prescreening process was conducted to identify the appropriate 

informants concerning their knowledge about the front end. The informants were 

contacted to verify their indication and willingness to participate in the study and as the 

proper sources of information. The informants who were unenthusiastic to participate or 

inappropriate were asked to refer to the proper sources. Because one of the data 

sources (the contact list for mail survey) did not provide the telephone and email 

address, the list of informants was screened by their basic work group and functions. 

The informants were asked to report on the most recently developed new product that 

has been in the market. This method “avoids selection and social desirability biases 

toward more successful products” (Im and Workman 2004, p. 119) and additionally 

prevents the common method bias when the same source of informants were used to 

collect data for both independent and dependent variables. 

In addition, identifying the right informants also causes the other desirable effects 

on survey research. The informants who are knowledgeable about the study are more 

likely to provide inputs regardless of the survey types. Survey literature has suggested 
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that addressing the right target respondents possessing relevant expertise may 

increase the survey response rate (Cavusgil and Elvery–Kirk 1998). 

A response rate of a survey study is a critical factor that can significantly impact 

the sample representativeness. The higher the response rate, the greater the 

opportunity the data can represent the sample frame. To address this concern, the 

creation of survey materials followed the approach recommended by previous survey 

literature. Adopting these survey techniques may be able to boost the mail survey 

response rate. Yu and Cooper (1983) show that questionnaire length has a negative 

correlation with response rate. Their findings suggest that surveys with 61–150 

questions can provide as high as 50.7% response rate (Yu and Cooper 1983, p. 39). 

The latter suggestion helped in the design of the questionnaire. 

Cavusgil and Elvery–Kirk (1998) additionally indicate that a “social utility appeal” 

is a crucial motivational factor for survey respondents. This appeal reflects the extent to 

which the respondents perceive that their help in completing questionnaires can make 

things better for society (Cavusgil and Elvery–Kirk 1998). Survey having this appeal has 

significantly higher response rate than the survey without such indication, and this 

appeal works well when the survey is endorsed by a university (Cavusgil and Elvery–

Kirk 1998). 

Finally, the respondents were offered non–monetary incentives (e.g., study 

summary, discussion with the principal investigator regarding the study results). This 

technique has been suggested to improve the response rate (Yu and Cooper 1983), 

and it fits with the “social utility appeal” (see Cavusgil and Elvery–Kirk 1998). In addition 

to the promise of anonymity of the respondents, the cover letter content was written to 
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reflect the two motivational factors in order to increase the response rate, as shown in 

the following excerpt: 

 “…..This research aims at exploring and understanding the 

interaction between "constraints" and "creativity" as well as other team 

and organizational factors that free, preclude, and promote ideas for 

innovation in the front–end of NPD. Since the decision made during the 

ideation process can lock in 75–85% of subsequent NPD costs, this 

research is expected to provide insights that improve the quality of the 

new product ideas the teams generate… 

All information obtained from the participants will be kept 

confidential. Only the general findings will be shared. Upon the completion 

of your survey, you can request an executive summary of the study results 

(in PDF format) by providing your email address. Further clarification of 

the ideas resulting from this research project can be arranged between the 

participants and the principal investigator.” 

 

Scale Item Development 

The description and understanding of creative behavior could be made only with 

careful consideration within the context of interest. Several constructs embodied in this 

study (e.g., goal constraint, specialization, diverse expertise, idea appropriateness) 

have not been developed empirically for the front end of the NPD context. Although 

using the existing scales developed elsewhere generally ensures a high level of 
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reliability, using measures inconsistent with the research context may cause serious 

troubles relative to both internal and external validity (Campbell and Stanley 1973). 

Review of creativity literature showed that specialization, diverse expertise, and 

idea appropriateness have not been developed specifically for the NPD ideation 

context. Most of the creativity scales were invented to instinctively capture individual 

traits and characteristics in an organization (e.g., Amabile et al. 1996; Amabile and 

Conti 1999; Amabile et al. 2004; Amabile et al. 2005; Bharadwaj and Menon 2002; 

Griffiths–Hemans and Grover 2006). Moreover, the concept of goal constraint is 

relatively new (Stokes 2006), and, to the best knowledge of this author, none of the 

established scales to date was designed to appropriately capture this construct. 

In sum, it appeared that some measures needed to be developed while some 

variables in the extant literature that could be borrowed or appropriately modified could 

be used in this study. Therefore, measures for four constructs were newly constructed 

for this study context, including specialization, diverse expertise, idea appropriateness, 

and goal constraint. Measures for the two dependent variables (idea newness and idea 

usefulness) were adapted from Im and Workman’s (2004) product newness and 

usefulness scales, and a measure for the control variable (turbulence) was borrowed 

from Atuahene–Gima’s (2005) turbulence (see also Jaworski and Kohli 1993). These 

measures have been extensively validated in the literature and exhibited high reliability 

(product newness, α =.89; product usefulness, α =.91; turbulence, α =.78). 

The development of new scales followed the rigorous procedure recommended 

by several marketing scholars (Van Auken, Barry, and Bagozzi 2006; Baumgartner and 

Steenkamp 1996; Gerbing and Anderson 1988). The initial measurement items were 
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drawn from an intensive review of the literature. To prevent the common method bias 

(systematic error) that might arise from using the same informants for both independent 

and dependent variable (Podsakoff et al. 2003), the study context was provided in the 

introductory paragraph of the questionnaire. In this paragraph, the potential respondents 

were suggested to select the most recently developed product that they have 

knowledge about its idea development process. This selected product should currently 

be or have been on the market. They were asked to share their opinion about the idea 

development process, and the feedback from customers and the new product 

development staff on the approved idea that was used for developing the selected 

product. In addition, a more specific description concerning each construct was given 

immediately before the questions (see Table 3). Because this study uses retrospective 

questions, giving a specific context and increasing the chance of event recognizability 

can provide a “temporal context” to foster recall accuracy (Larsen 1992, p. 486; Sobell 

et al. 1990). 

In addition, three marketing experts and one industrial organization expert served 

as the panel to verify the face validity of the questions. According to the mail list vendor, 

the sample appeared to represent various ethnic backgrounds. To prevent the 

misinterpretation or interpretation discrepancy among cross–ethnic samples, the 

questionnaires were sent to the NPD practitioners who were knowledgeable about the 

development of new product ideas. Some of these practitioners have different ethnic 

backgrounds. The practitioners were requested to give feedback and comments 

regarding the questionnaire, especially the content of a questionnaire that might be 

misinterpreted by respondents. This process necessitates the “measurement 
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equivalency” (especially the “cross–ethnic equivalence”) which ensures that the scale 

items and response categories are interpreted the same across the sample 

(Krishnakumar, Buehler, and Barber 2004, p. 809; see also Singh 1995; Van Auken, 

Barry, and Bagozzi 2006). Moreover, it is essential to have NPD practitioners and 

experts compare the scale items against the survey instruments’ domain in order to 

establish content validity (Huck 2003). Finally, the practitioners’ and expert panel’s 

comments were incorporated in the scale. The scales were refined and included in the 

questionnaire before administering the survey. 
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TABLE 3 

MEASURES 

Construct Questions(a) 
(5–Point Likert Scale, Strongly Disagree [1] to Strongly Agree [5] ) 

Specialization 
(Special) 

Please indicate how strongly you agree or disagree with the following statements concerning 
a group of people you worked with during the development of ideas for the selected product. 
 
We worked with a group of people who … 
1) were knowledgeable about the relevant product categories (sp1). 
2) were knowledgeable about the development of similar products (sp2). 
3) had experience with the technology used in similar products (sp3). 
4) had experience in new product development in relevant product categories (sp4). 
5) experienced with developing similar products (sp5). 
6) had necessary skills for developing similar products (sp6). 
7) were experts in relevant product categories (sp7). 

Diverse expertise 
(Diverse) 

Please indicate how strongly you agree or disagree with the following statements concerning 
a group of people you worked with during the development of ideas for the selected product. 
 
We worked with a group of people who … 
1) had diverse expertise (dv1). 
2) had diverse knowledge (dv2). 
3) represented all the different work functions required to deliver the new product (dv3).  
4) had different skills pertinent to developing new products (dv4). 
5) had different educational background (dv5). 
6) had diverse experience in new product development (dv6). 

Continue… 
 

(a)   Item abbreviations in parenthesis 
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TABLE 3 

MEASURES (CONTINUED) 

Construct Questions(a) 
(5–Point Likert Scale, Strongly Disagree [1] to Strongly Agree [5] ) 

Goal constraint 
(Constraint) 

Please indicate how strongly you agree or disagree with the following statements concerning the 
constraint on the development of ideas for the selected product. 
 
1) The goal constraint for the idea development reflected customers' needs (go1). 
2) The development of new product ideas was constrained within the framework inspired by 

customers (go2). 
3) We did not put any customer–related constraint while developing new product idea (go3). (–)* 
4) The specific overall criteria about customers guided our new product idea development (go4). 
5) Idea creators were encouraged to think about new product idea within a specific framework 

that was set by customers (go5). 
6) We used customer data to frame the problem for developing new product ideas (go6). 
7) There was no constraint from customers for developing new product ideas (go7). (–)* 
8) There was no customer–related framework for developing new product ideas (go8).  (–) 

Turbulence(b) Please indicate how strongly you agree or disagree with the following statements concerning the 
market and competitive environment during the last 5 years. 
 
1) The actions of local and foreign competitors in our major markets were changing quite rapidly 

(tur1). 
2) Technological changes in our industry were rapid and unpredictable (tur2). 
3) The market competitive conditions were highly unpredictable (tur3). 
4) Customers' product preferences changed quite rapidly (tur4). 
5) Changes in customers' needs were quite unpredictable (tur5). 

Continue… 
 

(a)   Item abbreviations in parenthesis 
(b) Reprinted with permission from Journal of Marketing, published by the American Marketing Association, Bernard 

J.Jaworski and Ajay K. Kohli/P. Rajan Varadarajan, July 1993/57, p. 68–69; Kwaku Atuahene–Gima/Ruth N. 
Bolton, October 2005/69, p. 69. 

(–) Reverse coding 
* Eliminated during scale refinement 
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TABLE 3 

MEASURES (CONTINUED) 

Construct Questions(a) 
(5–Point Likert Scale, Strongly Disagree [1] to Strongly Agree [5] ) 

Idea 
appropriateness 

Please indicate how strongly you agree or disagree with the following statements concerning the 
feed back from new product development staff on the approved idea for developing the selected 
product. 
 
1) The product idea was appropriate for the production line (ap1).** 
2) The product idea fully utilized the capacity of the production line (ap2).** 
3) The product idea was simple to produce (ap3).* 
4) The product idea reduced the cycle time for new product development (ap4).*** 
5) The product idea helped reduce the production cost (ap5).*** 
6) The product idea was too complex for the production line (ap6). (–)* 
7) The product idea needed new production technology (ap7). (–)* 
8) The product idea enhanced production effectiveness (ap8).*** 
9) The product idea increased the production efficiency (ap9).*** 

Idea newness 
(New) (b) 

Please indicate how strongly you agree or disagree with the following statements concerning 
customer feedback on the approved idea for developing the selected product.  
 
1) The product idea was really "out of the ordinary" (new1) 
2) The product idea could be considered as revolutionary (new2). 
3) The product idea was stimulating (new3). 
4) The product idea reflected a customary perspective in this industry (new4). (–) 
5) The product idea was radically different from industry norms (new5). 
6) The product idea showed an unconventional way of solving problems (new6). 

Idea usefulness 
(Useful) (b) 

Please indicate how strongly you agree or disagree with the following statements concerning 
customer feedback on the approved idea for developing the selected product.  
 
1) The product idea was relevant to customers' needs and expectations (use1). 
2) The product idea was considered suitable for customers' desires (use2). 
3) The product idea served customers' needs and expectations (use3). 
4) The product idea was useful for customers (use4). 
5) The product idea could solve customers' problems (use5). 

 

 

(a)   Item abbreviations in parenthesis 
(b) Reprinted with permission from Journal of Marketing, published by the American Marketing Association, Subin Im 

and John P. Workman, Jr./Ruth N. Bolton, April 2004/68, p. 128. These scales were modified to be appropriate 
for the study context. 

(–) Reverse coding 
* Eliminated during scale refinement 
** Loaded on the same scale (idea appropriateness) 
*** Loaded on the same scale (idea productiveness) 
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Data Collection 

The data for this study were collected using the multimode (mail and web 

surveys) data collection. The mail survey samples included 3,846 contacts obtained 

from a commercial vendor who maintained the mailing addresses for a not–for–profit 

professional organization. Its database consisted of the contact addresses of the NPD 

professional members and the members of NPD–related functions (e.g., research and 

development (R&D), new product design) in technology companies (e.g., aerospace, 

consumer electronics/appliances, computer and computer accessories manufacturer, 

communications systems and equipment, electronics, integrated circuit (IC’s) and 

microprocessors, medical electronic equipment). The survey materials, which included 

questionnaires, cover letters with a brief explanation of the study objectives and 

procedure, and return envelopes with postage prepaid, were sent to all the target 

informants on the same day.  

The samples for online survey included 131 qualified members of three 

associations–the Product Development and Management Association (PDMA), the 

Industrial Designers Society of America (IDSA), and the Project Management Institute 

(PMI). The cover letter and questionnaire were uploaded for the web–based survey. 

The web–targeted informants were contacted via emails or phone explaining the study 

objectives and procedure. As noted earlier, the potential respondents for the two modes 

of data collection were offered the executive summary of the ideas resulting from this 

study as the incentive for their participation. The informants were notified that further 

clarification of the ideas resulting from this research could be arranged between the 

principal investigator and the participants. By the survey closing date, the numbers of 
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responses for the online and mail surveys were 67 and 109 respectively (see Table 4). 

The data from all the responses in this stage were found to be complete and usable. 

Because the same questions and a similar questionnaire format were used in all 

phases, it is reasonable to combine the data from the different phases (e.g.,  Im and 

Workman 2004) and the two modes of data collection (Ilieva, Baron, and Healey 2002; 

Roster, Rogers, and Albaum 2004). As presented in Table 5, both the t–test for equality 

of means (p>.10) and the Levene’s test for equality of variances (p>.10) exhibit no 

significant difference between the web–based and the mail survey data. Therefore, the 

data from the online and mail surveys were combined. 

The comparison of key variable means was performed to assure the 

homogeneity of data from different phases of data collection (Table 4). The ANOVA test 

of equality of the key variables’ means from data in different phases indicates the strong 

evidence of non–response bias (Table 6). 

 

TABLE 4 

PHASES OF DATA COLLECTION 

Frequency Percentage 
Phase Approximate Timeline 

Online Mail Total % Cumulative

1 First three weeks 40 – 40 22.7 22.7 
2 Following three weeks 19 83 102 58.0 80.7 
3 Last three weeks 8 26 34 19.3 100.0 

  67 109 176 100.0   
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TABLE 5 

TESTS OF EQUALITY OF MEANS: ONLINE SURVEY VS. MAIL SURVEY 

Variables Levene's Test for Equality of Variances(a) t-test for Equality of Means 

  F P-Value  t-Value df P-Value 

Specialization 1.872 0.173 -0.383 174 0.702 
Diverse expertise 0.951 0.331 -1.202 174 0.231 
Goal constraint 0.658 0.418 1.165 174 0.245 
Idea newness 0.002 0.960 -1.231 174 0.220 
Idea usefulness 1.478 0.226 0.645 174 0.520 
Idea appropriateness 2.380 0.125 0.223 174 0.824 
Idea productiveness 0.145 0.704 0.610 174 0.543 
Turbulence 1.989 0.160 1.366 174 0.174 

 

(a) Equal variance assumed. 

 

TABLE 6 

TESTS OF EQUALITY OF MEANS FOR NON–RESPONSE BIAS 

Variables ANOVA 

  F df P-Value 

Specialization 1.391 175 0.251 
Diverse expertise 1.420 175 0.244 
Goal constraint 1.902 175 0.152 
Idea newness 0.445 175 0.641 
Idea usefulness 0.057 175 0.945 
Idea appropriateness 2.108 175 0.125 
Idea productiveness 1.573 175 0.210 
Turbulence 0.837 175 0.435 
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Sample Representativeness 

After correcting for the returned mails with incorrect addresses (31 returned mails 

from bad addresses), the use of mail and online surveys produced 176 usable, 

complete questionnaires with an overall response rate of 4.5%. The sample is 

distributed across several high technology industries, including aerospace, consumer 

electronics and appliances, computer manufacturer, telecommunication and 

communication systems/equipment, electronics, IC’s and microprocessors, and medical 

electronic equipment (see Figure 3). The respondents also include some new product 

design and development companies–a specific sector serves as the external NPD 

function for several technological industries. Both the business–to–business (53%) and 

business–to–customers (47%) industries are equally represented. It appears that the 

sample frame is representative of the population of interest. 

To identify the respondents’ knowledge concerning the study context, they were 

asked to report their knowledge about the development of ideas for the selected 

product. On a scale of 1 to 5, the overall mean ( X =4.41, SD=.98) shows that the 

respondents’ knowledge about the study topics is considerably high (88.2%), confirming 

the informant expertise and appropriateness. The mean of the respondents’ NPD tenure 

is 16.2 years, with a range from 0.5 to 38.0 years (SD=9.97). The respondents 

represent several key functions associated with NPD (e.g., R&D: 31.8%, NPD: 25.6%, 

engineering: 15%, management: 12.7%, others: 14.9%). This lends support to the 

cross–functional sample which can provide comprehensive and diversified views from 

different functions in NPD. About 98.8% of the respondents reported that they 

graduated with at least bachelor’s degree; 42.2% reported to possess a master’s 
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degree; and 31.2% had doctoral degrees (see Figure 4). Finally, 56.6% of the 

respondents reported that they were specialists (scientists, engineers, new product 

designers); 16.4% were middle management; and 14.1% held top management 

positions (see Figure 5). Overall, the sample portrays informants with appropriate 

qualifications and characteristics that are commensurate for the purpose of the study. 

 

FIGURE 3 

SAMPLE DESCRIPTION: INDUSTRY REPRESENTATIVENESS 
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FIGURE 4 

SAMPLE DESCRIPTION: HIGHEST LEVEL OF EDUCATION 

 

FIGURE 5 

SAMPLE DESCRIPTION: JOB FUNCTION 
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CHAPTER 4 

ANALYSIS 

Analysis Procedure 

This chapter presents a detailed report of the research design, findings and 

analysis. Toward this goal, this study followed generally–accepted multivariate data 

analysis protocols, including the assessment of measurement scales’ internal 

consistency and validity (Van Auken, Barry, and Bagozzi 2006; Bagozzi and Yi 1993; 

Bagozzi, Yi, and Nassen 1999; Baumgartner and Steenkamp 1996; Campbell and 

Stanley 1973; Gerbing and Anderson 1988). Likewise, a conscientious attempt was 

made to employ robust data analyses (Aiken and West 1991; Allison 2002; Byrne 1998; 

Cohen et al. 2003; Gerbing and Anderson 1988; Hair et al. 1998; Jaccard, Turrisi, and 

Wan 1990).  

In the pre–analysis procedure, the measures were developed and included in the 

questionnaires. The multimode (mail and online) surveys were used to collect the data. 

As exhibited in Figure 6, the analysis procedure consists of seven stages. The first 

stage is to examine the data and to identify the appropriate remedy method for its 

incompleteness. The raw scores from all scale items were then tested against the 

general assumptions of multivariate data analysis, in which linearity, multivariate 

normality, and homoscedasticity were examined. This was followed by the processes of 

measure validation and data reduction. The confirmatory factor analysis and reliability 

analysis were used to identify the data structure corresponding to the theoretically pre–

specified underlying factors. These measures’ internal validity was later verified. 

Furthermore, it is essential to ensure that the data does not possess any serious 



 70

common method bias occurring from both independent and dependent variable scores 

being collected from the same source of informants. At the end of these processes, the 

composite scores were calculated. 

Even though all of the items, including the eliminated items, were tested against 

the multivariate assumption in the data examination stage, it is important to ensure that 

the linear combination in the calculation of composite scores does not incur any 

violation of multivariate data analysis assumptions. Therefore, the verification of the 

assumptions of multiple linear regression was subsequently performed on the 

composite scores. All key assumptions of multiple linear regression, including linearity, 

normality of error term distribution, homoscedasticity, independence of error terms, 

absence of multicollinearity, and absence of significant outliers were examined. If there 

is a significant violation of the multivariate assumption, an appropriate remedy would be 

pursued to ensure that the composite scores would yield accurate results from the 

robust estimation method. 

Hierarchical multiple linear regression was selected for the estimated models 

with interaction and higher order terms. The models with only the first order terms were 

estimated using multiple linear regression. Since the hypothesized model was initially 

specified with some interaction terms, the post hoc analyses were planned and 

performed to reveal the possible interaction direction.
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FIGURE 6 

ANALYSIS PROCEDURE 

Composite Scores

Raw Scores from 176 responses

Composite Scores

1. Confirmatory factor analysis
2. Reliability analysis

(3) Refining New and Existing Scales

1. Missing data
2. Outlier

(1) Examining Data

1. Multivariate linearity
2. Multivariate normality
3. Homoscedasticity

(2) Testing Multivariate Assumptions

1. Trait validity
2. Content validity
3. Construct validity: convergent and discriminant 
4. Nomological validity
5. Testing common method bias

(4) Validating Scales and Hypothesized Model

1. Linearity
2. Normality of error   
    term distribution
3. Homoscedasticity

(5) Testing Regression Assumptions
4. Independence of error terms
5. No serious threat of  
    multicollinearity
6. No serious threat of outliers

Step 1. Main effects model
Step 2. Main effects + interactional effects
Step 3. Main effects + interactional effects + higher 
             order terms

(6) Testing Hypotheses

1. Higher order terms
2. Interaction terms

(7) Conducting Post Hoc Analyses

 
 
Note: The analysis procedure was developed based on several multivariate data analysis protocols (e.g., 
Aiken and West 1991; Allison 2002; Van Auken, Barry, and Bagozzi 2006; Bagozzi and Yi 1993; Bagozzi, 
Yi, and Nassen 1999; Baumgartner and Steenkamp 1996; Byrne 1998; Cohen et al. 2003; Gerbing and 
Anderson 1988; Hair et al. 1998; Jaccard, Turrisi, and Wan 1990; and Neter et al. 1996). 
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TABLE 7 

STATISTICAL TECHNIQUES USED IN THE ANALYSIS PROCEDURE 

Analysis Procedure Stage Technique Reference Application 

1. Data examination    
− Missing data MCAR Test (data missing at completely random) Allison (2002); Little and Rubin (1987); 

Schafer (1997); Schafer and Graham (2002) 
SAS 9.1.2 

− Imputation Linear trend regression Allison (2002); Gourieroux and Monfort (1981) SPSS 12.0 
− Outlier Mahalanobis distance (D2) Hair et al. (1998) SPSS 12.0 

2. Testing general assumptions 
− Linearity Visual inspection–Scatter plots Hair et al. (1998) SPSS 12.0 
− Normality Skewness and kurtosis Curran, West, and Finch (1996) SPSS 12.0 
− Homoscedasticity Levene’s test Hair et al. (1998) SPSS 12.0 

3. Refining scales 
− Confirmatory factor Structural equation model Byrne (1998); Jöreskog and Sörbom (1993) LISREL 8.54

4. Validating scales 
− Construct validity Correlated uniqueness model Bagozzi and Yi (1993); Kenny (1976) LISREL 8.54
− Nomological validity Hierarchical regression analysis Cohen et al. (2003) SPSS 12.0 
− Common method bias Harman’s single factor test Podsakoff et al. (2003) LISREL 8.54

5. Testing multiple regression assumptions: composite scores 
− Linearity Visual inspection–Scatter plots Hair et al. (1998) SPSS 12.0 
− Normality of error term Skewness, kurtosis, normal probability plots Hair et al. (1998); Neter et al. (1996) SPSS 12.0 
− Independence of error Durbin–Watson coefficient D Neter et al. (1996)  
− Homoscedasticity Levene’s test Hair et al. (1998) SPSS 12.0 
− Multicollinearity Variance inflation factor and tolerance Aiken and West (1991); Hair et al. (1998) SPSS 12.0 
− Outliers Mahalanobis distance (D2) Hair et al. (1998) SPSS 12.0 

6. Hypothesis tests 
− Model tests Hierarchical regression analysis Aiken and West (1991); Cohen et al. (2003) SPSS 12.0 

7. Post hoc analysis 
− Data classification Cluster analysis Hair et al. (1998) SPSS 12.0 
− Interaction effect models General linear modeling Aiken and West (1991); Neter et al. (1996) SPSS 12.0 
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The analysis procedure included different stages, and each stage occasionally 

required different statistical techniques to accomplish those tasks (e.g., examining data, 

cleaning up data, validating the measures, testing the hypotheses). All the analytical 

techniques employed in this study (see Table 7) were carefully selected to achieve the 

accurate and robust test results, which is a prerequisite to attaining a high level of 

internal and external validity (Cook and Campbell 1979).  

 

Testing Multivariate Assumptions 

The data were carefully examined at the very beginning of the analysis 

procedure. This process included the examination of missing data and outliers. It is 

important to identify the missing data pattern before the decision is made regarding the 

imputation method. The missing data consisted of only 25 out of 4,928 data points. 

Although the percentage of missing data is extremely low (0.30%), it might have a 

detrimental effect on the data. 

To ensure that the missing data did not cause any significant impact on the data 

distribution, Little’s (1988) chi–square test of data missing at completely random 

(MCAR) was performed (see also Schafer 1997; Schafer and Graham 2002). This test 

is considered the robust and conservative approach of data examination (Hair et al. 

1998). The MCAR test identifies 8 missing data patterns with only one pattern (3 cases) 

with frequency exceeding one. The MCAR’s chi–square test is insignificant (χ2=381.09, 

df=353, p>.10). Because MCAR’s chi–square test is very sensitive to the violation of 

complete randomness of the missing data, this strongly indicates that the data is 
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missing at completely random, and an imputation method could be pursued (Allison 

2002). 

A common remedy for missing data is the mean substitution. However, for the 

completely random missing data, a linear trend regression is more appealing because 

this approach takes into consideration the available information about the case with 

missing data (Hair et al. 1998). With mean substitution, this information would not be 

accounted for. In addition, the analysis results from the imputed data and non–imputed 

data were compared. No significant difference was found between the two data sets. 

Therefore, the missing data was imputed using the linear trend regression. This 

completed the 176–response data set for the analysis.  

The multivariate detection of outliers was performed using Mahalanobis distance 

(D2). Mahalanobis distance “provides a common measure of multidimensional centrality 

and also has statistical properties that allow for significance testing” (Hair et al. 1998, p. 

66). It is suggested that a very conservative level (p=.001) be used for a t–test of the 

critical value (D2/df). As such, the independent and moderating variable scores were 

regressed on the dependent variables. The residual statistical analysis indicates a D2–

range of 4.01 to 55.29, and shows no extreme case of outliers (a maximum value of 

D2/df=1.97, df=26, p>.10). Thus, no remedy for outliers is necessary. 

Next, the assumptions of multivariate analysis (linearity, normality, and 

homoscedasticity) were tested. The multivariate linearity test relied on the visual 

inspection of the scatter plots of each pair of variables (i.e., scores from each 

independent variable’s scale item vs. those from each dependent variable’s scale item). 

Examination of the scatter plots does not exhibit any serious nonlinear relations. 
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Skewness and Kurtosis statistic were used for the multivariate normality test. The 

ranges of Skewness and Kurtosis statistic are –1.71 to 0.58 ( X =–.60) and –1.21 to 5.19 

( X =.42) respectively. An ideal normal distribution is achieved when Skewness and 

Kurtosis statistics are approaching zero. From a practical standpoint, the data is 

moderately non-normal when Skewness and Kurtosis statistics are from 2.00 to 3.00 

and from 7.00 to 12.00 respectively, and the data is extremely non-normal when 

Skewness and Kurtosis values exceed 3.00 and 21.00 respectively (Byrne 1998, p. 196-

198; Curran, West, and Finch 1996). 

Given that (1) means of Skewness and Kurtosis statistics of the scores from this 

data are approaching zero, (2) that only a few scale items have a Skewness statistic 

less than –1.00 (8 out of 47 items; minimum value=–1.71), and (3) that only a few scale 

items have a Kurtosis statistic exceeding 4.00 (4 out of 47 items; maximum value=5.19), 

these suggest that the scores could be generally considered approximating a normal 

distribution. 

Finally, Levene’s tests of equality of variance were performed to identify the 

absence of correlated errors (homoscedasticity). Industry and gender were used as the 

categorical variables for the tests. The results of the tests for each of the categorical 

variables show no significant threat of heteroscedasticity (p>.05). 

 

Scale Refinement and Validation 

The scale refining process followed the confirmatory factor analysis (Byrne 1998; 

Jöreskog and Sörbom 1993). Two first–order measurement models (Model A 

comprising independent, moderating, and control variables, and Model B comprising 
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dependent variables) were estimated using structural equation modeling (LISREL 8.54). 

Nevitt and Hancock (2004), evaluating the overall data–model fit for small samples 

through Monte Carlo simulation, suggest that structure equation model using maximum 

likelihood is a robust technique even when it is used for sample size less than 100. 

Technically, the sample size of this study (n=176) satisfies the priori of this method. 

All model fit statistics report moderately to highly good fit between the estimated 

models and data (Model A: 2χ =379.02, df=243, p=.00, RMSEA=.057, NFI=.90, 

CFI=.96; Model B: 2χ =123.48, df=96, p=.030, RMSEA=.04, NFI=.94, CFI=.98) while 

none of the estimated parameters exhibit unreasonable estimates, negative variances, 

and non–positive definite of covariance or of correlation matrices. These results confirm 

the robust estimation of the measurement model and factor structures (see Byrne 

1998). 

As presented in Table 8 and 9, all items are loaded with the corresponding 

factors (4–newly developed and 3–established factors). The low loading items were 

excluded from the measurement models one at a time while the model fit statistic and 

other items’ loading were carefully examined. In addition, principal component analysis 

(PRINCALS) was performed on the scores from original scales (pre elimination) and the 

scores from the remaining items (post elimination) for each factor to ensure that the 

eliminated items were appropriately excluded from the measurement models. Most of 

the 40 scale items have high loadings with the corresponding underlying factors. There 

were only 6 items with poor factor loadings (<0.45), and they were cautiously eliminated 

(go3, go7, new4, ap3, ap6, and ap7; see Table 8 and 9). 
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It appears that two latent factors load on the remaining 6 items that measure idea 

appropriateness (one factor loading on ap1 and ap2; another factor loading on ap4, 

ap5, ap8, and ap9). Generally, common wisdom holds that one factor should be loaded 

on at least 3 observable variables (items). However, theoretical consideration is the 

most reliable reference for any item elimination or inter– and intra–item correlation 

judgment (see Byrne 1998). Based on the items’ trait, content, and theoretical 

consideration, the two factors are labeled appropriateness (ap1 and ap2) and 

productiveness (ap4, ap5, ap8, and ap9).  

Appropriateness indicates the degree to which the new product idea is 

appropriate for the production line and can fully utilize the capacity of the production line 

while productiveness measures the extent to which the new product idea is well refined 

in the sense that it helps increase production effectiveness and efficiency. These two 

dimensions reflect the extent to which new product ideas are considered appropriate to 

the existing production system and are consistent with the original definition of idea 

appropriateness. Because of the revision of the scales’ dimensions, the testing model 

was revised accordingly (Figure 7). 

Following the refinement process, 8 scales were refined (see Table 8 and 9). The 

scale items exhibit high factor loadings from the corresponding factors (>.50), 

moderately high to high R2, and high level of reliability (α >.70, Nunnally 1978; Nunnally 

and Bernstein 1994). The measurement items converge to their corresponding factors. 

The measurement models exhibit good fit with the data. 
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TABLE 8 

MODEL A: MEASUREMENT SCALES OF INDEPENDENT VARIABLES  

Construct Scale Item Loading(a) R2 α 

Special Sp1 .52 .55  
 Sp2 .76 .70  
 Sp3 .68 .55  
 Sp4 .64 .51  
 Sp5 .72 .53  
 Sp6 .68 .50  
 Sp7 .72 .55 .89 
Diverse Dv1 .60 .43  
 Dv2 .58 .43  
 Dv3 .83 .49  
 Dv4 .71 .64  
 Dv5 .45 .21  
 Dv6 .74 .48 .83 
Constraint Go1 .48 .26  
 Go2 .60 .32  
 Go3 Eliminated(b) –  
 Go4 .71 .54  
 Go5 .79 .50  
 Go6 .77 .47  
 Go7 Eliminated(b) –  
 Go8 .46 .19 .77 
Turbulence Tur1 .65 .45  
 Tur2 .84 .56  
 Tur3 1.11 .99  
 Tur4 .60 .35  
 Tur5 .50 .25 .83 

  2χ  379.02  

  df 243.00  
  p .00  
  RMSEA .06  
  NFI .90  
  CFI .96  

 

(a) Confirmatory factor analysis using structural equation model 
(b) Factor loading <.45, R2<.20 
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TABLE 9 

MODEL B: MEASUREMENT SCALES OF DEPENDENT VARIABLES  

Construct Scale Item Loading(a) R2 α 

New New1 .97 .71  
 New 2 1.03 .72  
 New 3 .61 .53  
 New 4 Eliminated(b) –  
 New 5 .91 .60  
 New 6 .78 .51 .89 
Useful Use1 .67 .65  
 Use 2 .61 .74  
 Use 3 .66 .73  
 Use 4 .57 .64  
 Use 5 .57 .59 .91 
Appropriateness Ap1 .91 .97  
(Appropriate) Ap2 .65 .38 .75 
Productiveness Ap3 Eliminated(b) –  
(Productive) Ap4 .76 .46  
 Ap5 .87 .62  
 Ap6 Eliminated(b) –  
 Ap7 Eliminated(b) –  
 Ap8 .51 .30  
 Ap9 .61 .42 .80 
  

2χ  123.48  

  df 96.00  
  p .03  
  RMSEA .04  
  NFI .94  
  CFI .98  

 

(a) Confirmatory factor analysis using structural equation model 
(b) Factor loading <.30, R2<.10
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FIGURE 7 

REVISED TESTING MODEL 

 

To custom
ers

To N
P

D
 process

i3i420i219i1814i4

i3i417i216i1513i3

i2i414
2
i313i3i212i3i111i310i29i182i2

i1i47
2
i36i3i25i3i14i33i22i111i1

XαXαXαu: Y4Model
XαXαXαu: Y3Model

XαXαXXαXXαXαXαXαu: Y2Model

XαXαXXαXXαXαXαXαu: Y1Model

ε
ε

ε

ε

++++=−

++++=−

++−+++++=−

++−+++++=−



 81

As suggested by Marsh and Bailey (1991), the correlated uniqueness model 

originally developed by Kenny (1976; see also Bagozzi and Yi 1993; Van Auken, Barry, 

and Bagozzi 2006) was used for validating the scales. This method uses structural 

equation model to construct the measurement model in which eight factors (special, 

diverse, constraint, turbulence, new, use, appropriateness, and productiveness) were 

allowed to freely correlate among the factors while this approach also allowed the 

intercorrelation among error terms of the scale items corresponding to each latent 

variable (Bagozzi and Yi 1993). It is suggested that “the factor loadings reflect 

information about convergent validity, whereas the correlations between factors address 

the degree of discriminant validity” (Van Auken, Barry, and Bagozzi 2006, p. 446). 

The correlated uniqueness model shows reasonably good fit with the data 

( 2χ =745.36, df=635, p=.002, RMSEA=.032, NFI=.91, CFI=.97). Only 2 items showed 

moderately low factor loadings (go8=.38 and ap8=.44) whereas 38 items exhibited high 

loadings (>.50), thus indicating convergent validity within the factors. As shown in Table 

10, the confidence intervals of all correlations between factors (off–diagonal elements) 

are below 1.00. These results also reaffirm the factors’ discriminant validity. 
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TABLE 10 

CORRELATED UNIQUENESS MODEL’S FACTOR INTERCORRELATION(a) 

Measure 1  2  3  4 5  6  7  8 

1. Special 1.00            
            
2. Diverse .57 ** 1.00          
 (.08)          
3. Constraint .27 ** .25 ** 1.00        
 (.08)  (.08)      
4. Turbulence .02  .02 .01  1.00     
 (.03)  (.03)  (.02)      
5. New .19 ** .25 ** .21 ** .05  1.00    
 (.06)  (.06)  (.07)  (.05)       
6. Useful .57 ** .40 ** .44 ** .04  .31 ** 1.00    
 (.06)  (.07)  (.10)  (.05)  (.07)      
7. Appropriateness .48 ** .35 ** .18 * .03  -.01  .44 ** 1.00  
 (.08)  (.08)  (.08)  (.04)  (.06)  (.07)    
8. Productiveness .03  .09  .07  .01  .04  .02  .06  1.00
 (.04)  (.06)  (.05)  (.01)  (.04)  (.03)  (.05)  

 
(a) Values in parentheses denote standard errors. 
* Correlation is significant at the 0.05 level (2-tailed). 
** Correlation is significant at the 0.01 level (2-tailed). 

 

In this study, the same informants provided their responses for both the 

independent and dependent variables. This may, at least partially, create common 

method biases–the main source of systematic measurement error (Bagozzi and Yi 

1991). Although the preventive actions were taken (i.e., providing specific context for 

the scale items, reverse questions), it is important to ensure that the common method 

bias is not a confounding factor for the relationship observed between the constructs 

(Podsakoff et al. 2003). 

As with other studies (e.g., Andersson and Bateman 1997; Aulakh and Gencturk 

2000), Harman’s single–factor test was used to discover the common factor among 
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variables. All observed variables (40 scale items) were loaded on the exploratory factor 

analysis (PRINCALS). The unrotated factor loadings were determined by the number of 

factors that account for variance in the model. The results indicate 10 factors emerging 

from the factor analysis. Moreover, there is no general factor accounting for the majority 

of the covariance among the measures. Hence, the amount of common method 

variance is not substantial. 

 

Model Estimation 

The composite scores (average) for eight factors (specialization, diverse 

expertise, goal constraint, turbulence, newness, usefulness, appropriateness, and 

productiveness) were calculated and used in the model estimation. Table 11 displays 

the correlations between factors’ composite scores. Hierarchical multiple linear 

regression was used in the estimation of Model 1 and 2 (Table 12), both of which 

include interaction and higher order terms, whereas Model 3 and 4 (Table 13) were 

estimated using multiple linear regression. 

A Hierarchical multiple linear regression analysis of a set of independent 

variables generates the coefficients necessary to answer the research question (Cohen 

et al. 2003). Technically, the independent variables were entered cumulatively in a 

sequence specified in advance based on the purpose and logic of the research (e.g., 

main effect first, interaction effects, and quadratic terms, respectively) while “the R2 and 

partial regression and correlation coefficients are determined as sets of independent 

variables join the others” (see Cohen et al. 2003, p. 158–162). It is suggested that using 

hierarchical multiple linear regression can technically justify the inclusion of interaction 
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and higher order terms (Aiken and West 1991; Jaccard, Turrisi, and Wan 1990). In the 

following parts, all essential tests of the key assumptions of multiple linear regression 

are reported, and the results of model estimation are consequently discussed. 

 

TABLE 11 

FACTOR CORRELATION(a) 

Measure X  SD 1  2  3  4  5  6  7  8 

1. Special 4.00 .71 .89             
2. Diverse 3.79 .73 .50 ** .83           
3. Constraint 3.68 .72 .18 * .27 ** .77         
4. Turbulence 3.16 .81 .10  .07  .07  .83       
5. New 3.43 .91 .07  .33 ** .21 ** .18 * .89     
6. Useful 4.31 .65 .50 ** .45 ** .44 ** .12  .32 ** .91   
7. Appropriate 3.71 .88 .42 ** .32 ** .21 ** .09  -.02  .39 ** .75  
8. Productive 2.90 .81 .14  .22 ** .17 * .21 ** .10  .14  .21 ** .80

 
(a) Diagonal elements represent Cronbach’s alphas (α) values. 
** Significant at the 0.01 level (2-tailed) 
* Significant at the 0.05 level (2-tailed) 

 

General assumptions of linear regression (e.g., linearity, multicollinearity, 

normality, independence of error terms, homoscedasticity, outliers) were examined 

using statistical tests and the visual inspection of residual plots (Hair et al. 1998; Neter 

et al. 1996). The partial residual plots between the independent and dependent 

variables strongly support linearity of the relationship. 
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TABLE 12 

RESULTS OF HIERARCHICAL MULTIPLE LINEAR REGRESSION(a) (b) (c) 

Coefficient ( β ) (d) 
Model Dependent Variable Independent and Moderating Variable 

Step 1 Step 2 Step 3 

1 New Constant .00  .01  .05  
  Special -.15  -.21 * -.21 * 
  Diverse .40 ** .35 ** .35 ** 
  Turbulence .16 * .15 * .14  
  Constraint –  .13  .17 * 
  Constraint X Special –  -.16 * -.18 * 
  Constraint X Diverse –  .06  .06  
  Constraint X Constraint –  –  .07  
  F-statistic 10.21 ** 6.66 ** 6.04 ** 
  R2 .15  .19  .20  
  Adjusted R2 .14  .16  .17  
  ∆R2 (compared to step 1) –  .04 * .05 * 

2 Useful Constant .00  .05  -.01  
  Special .37 ** .24 ** .24 ** 
  Diverse .26 ** .15 * .15 * 
  Turbulence .06  .00  -.01  
  Constraint –  .31 ** .35 ** 
  Constraint X Special –  -.20 ** -.21 ** 
  Constraint X Diverse –  -.07  -.07  
  Constraint X Constraint –  –  .07  
  F-statistic 25.63 ** 28.46 ** 25.19 ** 
  R2 .31  .50  .51  
  Adjusted R2 .30  .49  .49  
  ∆R2 (compared to step 1) –  .19 ** .20 ** 

 
(a) The order in which the variables (standardized scores) were entered is based on theoretical 

considerations. 
(b) Standardized scores were used in hierarchical multiple regression. 
(c) F-statistics for ∆R2 =

1)k)/(NR(1
/kR

2

2

−−−
 where k is the number of predictor variables and N is the 

sample size. 
(d) Maximum variance inflation factor =2.45 and minimum tolerance =.41 (for model 1 and 2) 
** Significant at the 0.01 level (2-tailed) 
* Significant at the 0.05 level (2-tailed) 
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TABLE 13 

RESULTS OF MULTIPLE LINEAR REGRESSION(a) 

Model Dependent Variable Independent Variable Coefficient ( β ) (b) 

3 Appropriate Constant 1.15 ** 
  Special .43 ** 
  Diverse .18  
  Turbulence .05  
  F-statistic 14.25 ** 
  R2 .20  
  Adjusted R2 .19  

4 Productive Constant 1.37 ** 
  Special .03  
  Diverse .22 * 
  Turbulence .19 * 
  F-statistic 5.40 ** 
  R2 .09  
  Adjusted R2 .07  

 
(a) Model estimation using composite scores 
(b) Maximum variance inflation factor =1.34 and minimum tolerance=.74 (for model 3 and 4) 
** Significant at the 0.01 level (2-tailed) 
* Significant at the 0.05 level (2-tailed) 

 

Model 1 and 2 showed strong evidence of multicollinearity when they were first 

estimated while model 3 and 4 exhibited no significant multicollinearity. As suggested by 

Aiken and West (1991), all factors’ composite scores were mean–centered 

(standardized scores). The models estimations (Model 1 and 2) of standardized scores 

display no significant threat of multicollinearity (maximum variance inflation factor=2.45, 

minimum tolerance=.41). Thus, this violation has been remedied. 

Next, normality of error term distribution was analyzed using normal probability 

plots (standardized residual plots) and Skewness and Kurtosis statistics. The normal 

probability plots of regression standardized residuals from all models indicate normality 



 87

of the error terms. In addition, all factors’ Skewness (-1.74 to -.05) and Kurtosis (-.26 to 

6.10) statistics are far below the critical value recommended by Curran, West, and 

Finch (1996; Skewness <3.00 and Kurtosis <7.00). Both the visual inspections (e.g., 

standardized residual plots) and the statistics (e.g., Skewness and Kurtosis values) 

suggest that the factors’ composite scores are generally considered approximating a 

normal distribution.  

Autocorrelation of the error terms could be detected by Durbin–Watson 

coefficient D. All the estimated models report the coefficient Ds approaching 2.0 

(DModel1=1.97, DModel2=1.78, DModel3=2.04, and DModel4=1.96), confirming the 

independence of error terms from the estimations. Levene’s test was used to detect 

heteroscedasticity of the error terms. 

Because goal constraint encompasses a higher order term (quadratic) and is 

most likely to cause heterogeneity of error variances, this variable was used to create a 

grouping variable (quartiles). Residuals from all cases in 4 models were grouped 

according to a group variable, and homogeneity of variance tests were performed. 

Levene’s statistics for Model 1 to 4 (.82, 2.47, .89, and 1.21; p>.05) show no significant 

test results, supporting homoscedasticity of all models’ error terms. 

Finally, Mahalanobis distances (D2) were calculated from the residuals of all 

model estimations (176 cases per model). The D2 tests indicate 5 (in Model 1 and 2, 

df=7) and 2 (in Model 3 and 4, df=3) cases that have probability associated with their D2 

less than 0.001, indicating multivariate outliers. To examine the outlier effect on the 

estimation, the outliers were eliminated. The data without the presence of the outliers 

was reanalyzed. The result indicates no significant changes (e.g., R2, F–statistic, beta 
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estimates) from those in the original models, strongly indicating that the outliers do not 

pose any significant impact on the model estimation and results. As such, elimination of 

those cases is not necessary. 

It appears that all essential assumptions of multiple linear regression have been 

satisfied, and the interpretation of the model estimation results could be proceeded. 

Based on a priori theory, the main effects, the interaction terms, and the higher order 

terms were entered in the model estimations, respectively. The R2 differences between 

the models in different estimation steps were compared. As reported in Table 12, model 

1 and 2 are significant in all 3 steps of estimation (FModel1=10.21, 6.66, and 6.04; p<.01; 

FModel2=25.63, 28.46, and 25.19; p<.01), and the percents of explained variance 

increase when interaction and higher order terms are included in the models 

(R2
Model1=.15, .19, and .20; adjusted R2

Model1=.14, .16, and .17; R2
Model2=.31, .50, 

and .51; adjusted R2
Model2=.30, .49, and .49–for the estimation step 1, 2, and 3). The 

significant R2 differences between models from different steps of estimation (∆R2
 

Model1=.04 and .05, p<.05; ∆R2
 Model2=.19 and .20, p<.01) strongly support the theoretical 

and statistical rationales of the inclusion of interaction and higher order terms. This 

accordingly suggests that the results from the third step of model 1–and model 2–

estimations (main effects + interaction terms + higher order term) are accurate and 

could be used for testing hypotheses. Model 3 and 4 were estimated using multiple 

linear regression. As shown in Table 13, the models are significant (FModel3=14.25, 

p<.01; FModel4=5.40, p<.01) and indicate good fit with data (R2
Model3=.20, adjusted 

R2
Model3=.19; R2

Model4=.09, adjusted R2
Model4=.07). 
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In summary, the results from the third step estimation of model 1 and 2 and the 

results from model 3 and 4 provide the parameter estimates for hypotheses testing. The 

significance of model fit indices (Model 1–4) and the statistical rationales of the inclusion 

of interaction and higher order terms in Model 1 and 2 reaffirm nomological validity of 

this study. 

 

Hypothesis Testing 

The outcomes from the 4 models provide mixed results (see Table 14). The beta 

estimates from the models show that specialization significantly impacts idea newness 

( β =-.21, p<.05), idea usefulness ( β =.24, p<.01), and idea appropriateness ( β =.43, 

p<.01), but its significant impact on idea newness is opposite to the hypothesized 

direction. These results provide support for H2 and H3a while H1 is supported in a 

reverse direction. Among all the dependent variables, only idea productiveness appears 

to have no significant association with specialization ( β =.03, p>.10), leaving H3b 

unsupported. 

Diverse expertise also reveals mixed results. It exhibits significantly positive 

relationship with idea newness ( β =.35, p<.01), idea usefulness ( β =.15, p<.05), and 

idea productiveness ( β =.22, p<.05) but it shows marginal significance with idea 

appropriateness ( β =.18, p=.06). These findings support H4, H5, and H6b but do not 

support H6a. Surprisingly, goal constraint possesses negative moderating effects on the 

specialization–idea newness relationship ( β =-.18, p<.05) and the specialization–idea 

usefulness relationship ( β =-.21, p<.01), but does not indicate significant impacts either 

on the relationship between diverse expertise and idea newness ( β =.06, p>.05) or the 
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relationship between diverse expertise and idea usefulness ( β =-.07, p>.05). Thus, H7 

and H8 are supported in a reverse direction while H9 and H10 are not supported. 

Finally, two hypotheses (H11 and H12) hold that the relationship between goal 

constraint and idea newness and usefulness are inverted U–curve shapes. In order to 

support these hypotheses, the parameter estimates of goal constraint (first order terms) 

need to be significantly positive and the beta of the parameter’s quadratic terms must 

be significantly negative. However, only goal constraint first order terms indicate 

statistical support ( Model1β =.17, p<.05; Model2β  =.35, p<.01) while the parameter estimates 

of the quadratic terms are not significant ( Model1β =.07, p>.05; Model2β  =.07, p>.05). 

Therefore, H11 and H12 are partially supported. 

 

Post Hoc Analysis 

The hypothesis testing reveals two research quandaries deserving further 

investigation, including (1) goal constraint’s significant moderating impact on the 

relationship between specialization and idea newness, and between specialization and 

idea usefulness, and (2) the linear relationship between goal constraint and idea 

newness, and between goal constraint and idea usefulness. More specifically, these 

research questions suggest that post hoc analyses be further conducted.
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TABLE 14 

SUMMARY OF HYPOTHESIS TESTS 

Hypothesis Relationship(a) (b) (c) Result Conclusion 

H1 Specialization  Idea newness Significant Supported in reverse direction 

H2 Specialization  Idea usefulness Significant Supported 

H3a Specialization  Idea appropriateness Significant Supported 

H3b Specialization  Idea productiveness Not significant Not supported 

H4 Diverse expertise  Idea newness Significant Supported 

H5 Diverse expertise  Idea usefulness Significant Supported 

H6a Diverse expertise  Idea appropriateness Not significant Not supported 

H6b Diverse expertise  Idea productiveness Significant Supported 

H7 Goal constraint X  Specialization  Idea newness Significant Supported in reverse direction 

H8 Goal constraint X Specialization  Idea usefulness Significant Supported in reverse direction 

H9 Goal constraint X Diverse expertise  Idea newness Not significant Not supported 

H10 Goal constraint X Diverse expertise  Idea usefulness Not significant Not supported 

H11 Goal constraint ∩ Idea newness Significant linear relationship Partially supported 

H12 Goal constraint ∩ Idea usefulness Significant linear relationship Partially supported 

 
(a) “ ” denotes direct and positive relationship. 
(b) “X”  denotes interaction between constructs. 
(c) “∩”  denotes inverted U–curve relationship. 
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To identify the impact of goal constraint on the specialization–idea newness 

relationship and the specialization–idea usefulness relationship, cluster analyses and 

general linear modeling (ANOVA) were used on the relevant variables. Cluster analysis 

was performed on the two variables (goal constraint and specialization) that 

demonstrate the significant interaction relationship with the dependent variables (idea 

newness and idea usefulness). This analysis exhibits two clusters of specialization 

( X High Specialization=4.15, SD=.52; X Low Specialization=2.56, SD=.67) and two clusters of goal 

constraint ( X High Goal Constraint=4.06, SD=.59; X Low Goal Constraint=3.78, SD=1.02). The 

relationship between these clusters and idea newness and usefulness was additionally 

examined using general linear modeling. 

As the results displayed in Table 15, and Figure 8 and 9, samples having a low 

level of specialization generate more novelty and ( X High Goal Constraint=3.73, SE=.32; X Low 

goal constraint=2.69, SE=.30) and useful new product ideas ( X High Goal Constraint=4.33, SE=.20; 

X Low goal constraint=2.96, SE=.19) if they perceive a high level of goal constraint. 

Conversely, the level of goal constraint is unlikely to significantly impact the samples 

having a high level of specialization on both idea newness ( X High Goal Constraint=3.47, 

SE=.08; X Low goal constraint=3.46, SE=.17) and idea usefulness ( X High Goal Constraint=4.41, 

SE=.05; X Low goal constraint=4.29, SE=.11). 

The second question requires a careful examination of the direct relationship 

between goal constraint and idea newness and usefulness. To ensure that there is no 

other rival explanation to this relationship, goal constraint and its quadratic term were 

regressed on idea newness and idea usefulness. Both regression models using 

standardized scores are significant (Fnew=4.66, p<.05; Fuse=21.35, p<.001) and show 
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reasonably good fit (R2
new=.05, adjusted R2

new=.04; R2
use=.20, adjusted R2

use=.19). Goal 

constraint exhibits significantly positive relationship with the first order terms of idea 

newness ( β =.25, p<.01) and usefulness ( β =.45, p<.001) while its quadratic terms 

show non–significant influence on idea newness ( β =.05, p>.10) and marginally 

significant impact on idea usefulness ( β =.002, p<.05). These confirm the results of 

Model 1 and 2 that the presence of quadratic terms in the equations is very unlikely to 

have any significant effect. Therefore, the goal constraint–idea newness and usefulness 

relations are apparently linear. The implications of the hypothesis testing and the 

planned post hoc analysis are discussed in the following chapter. 

 

TABLE 15 

POST HOC ANALYSIS USING GENERAL LINEAR MODEL(a) (b) (c) 

New  Useful 
Constraint Special 

X  SE  X  SE 

High High 3.47 .08  4.41 .05 
 Low 3.73 .32  4.33 .20 
Low High 3.46 .17  4.29 .11 
 Low 2.69 .30  2.96 .19 

 

(a) Pairwise comparisons between high goal constraint and low goal 
constraint on idea newness and idea usefulness are significant at 0.05 
and 0.01 level. 

(b) Univariate tests on idea newness and idea usefulness are also significant 
at 0.05 and 0.01 level. 

(c) F-tests of the multivariate effect of goal constraint cluster based on the 
linearity independent pairwise comparisons among the estimated 
marginal means indicate the observed powers (Pillai’s trace, Wilks’ 
lambda, Hotelling’s trace, and Roy’s largest root) at 0.996 (α=.05). 
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FIGURE 8 

POST HOC ANALYSIS OF IDEA NEWNESS 

 

FIGURE 9 

POST HOC ANALYSIS OF IDEA USEFULNESS 
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CHAPTER 5 

DISCUSSION 

Findings from this study provide evidence that the relationship between the 

desired outcomes of new product idea generation and the key input factors is indeed a 

complicated, but manageable, one. Results of this study suggest that input factors make 

an influential contribution to new product idea creativity, and these impacts could be 

enhanced by effectively managing a specific constraint in an ideation process. The 

results of this research imply that valuable new product ideas could be generated if at 

least crucial componential factors and goal constraint are correctly understood and 

appropriately managed by those who have directed and overseen the development of 

new product ideas. The finding concerning componential factors and goal constraint are 

discussed along with their implication for the generation of new product ideas. 

 

Impact of Componential Factors: Individual Level 

The key findings indicate that the componential factors perform central roles 

shaping the outcomes of the development of new product ideas. It is accordant with the 

literature that creative outcomes are the results of good componential factors (Amabile 

1996). However, this study reveals that the breadth (diverse expertise) and the depth 

(specialization) of componential factors cause different effects on the making of new 

product ideas (see Taggar 2002). 

Specialization is an essential factor for any creativity tasks. This factor 

encompasses knowledge, skills, and experience in the product domain. The results 

support the strong relationship between specialization and idea usefulness, indicating 
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that the depth of relevant knowledge and skill in a product domain is a significant factor 

for increasing the usefulness dimension of new product ideas. This is also supported by 

the cognitive psychological perspective (Simonton 1999). Specialization reflects the 

number of cognitive elements directing individuals to solve the problem in his/her 

domain of expertise. The greater the number of individuals’ cognitive elements (or 

knowledge sets), the higher chance the individuals can produce the associations that 

are most relevant to a given problem (useful solution). 

The impacts of specialization on idea appropriateness and productiveness seem 

different. Idea appropriateness is positively influenced by specialization. However, the 

pre–specified relationship between specialization and idea productiveness show no 

significant evidence of support. Idea appropriateness represents the degree to which 

new product ideas could fit with existing lines of production whereas idea 

productiveness reflects the extent to which new product ideas can increase production 

efficiency and effectiveness. Idea appropriateness requires new product idea creators to 

acquire and accumulate knowledge relevant to the production system up to a certain 

level. This knowledge can help the creators to find the ideas that are the right one and 

ready to be turned into a finished product. When new product ideas encompass 

production appropriateness, they do not have to go back and forth with either the major 

or minor revision during the execution phase of NPD.  

On the other hand, idea productiveness requires more comprehensive 

knowledge concerning the manufacturing of new products because this dimension 

focuses on how to reduce the production hassle. This may explain why specialization, 

which is more relevant to knowledge and skills in the development of new products 
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rather than the manufacturing of existing products, possesses a positive impact on idea 

appropriateness but has no significant impact on idea productiveness.  

Surprisingly, the findings of this study display an inverse linear relationship 

between specialization and idea newness. The finding clearly indicates the significance 

of the specialization–idea newness relationship but the direction of this relation is 

contradictory to the pre–specified direction. One possible explanation for the negative 

impact of specialization on the newness dimension is based on the practices of 

knowledge combination. Idea creators embedded with specialization may use their 

existing knowledge in a traditional way (Schumpeter 1934). The exploitation of too–

focused knowledge can generate “competence traps, in which new information is 

disregarded and teams become locked in their old behaviors” (Taylor and Greeve 2006, 

p. 723; see also Arthur 1989; March and Simon 1958). This eventually results in non–

novel outcomes. 

Another possible reason for the negatively linear relationship between 

specialization and idea newness is based on psychology research, especially “the curse 

of knowledge” theory (Gourville 2005, p. 13; see also Birch and Bloom 2003; Camerer, 

Loewenstein, and Weber 1989; Heath 2003; Kelley and Jacoby 1996). This view 

suggests that if the creators know something, their knowledge curse tends to make 

them “find it hard to imagine not knowing it” (Heath and Heath 2006, p.21). In NPD 

context, this process leads the new product idea creators to overestimating other 

people’s judgment–“expecting others to see the value in their innovations that they 

themselves see” (Gourville 2005, p. 14). The idea creators with high specialization are 

knowledgeable about the product domain. The curse of knowledge theory implies that 
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they are likely to expect customers to share similar value in their innovative ideas 

(Gourville 2005). This may mislead idea creators to search for new association beyond 

what customers perceive to be novel and result in an odd result. The creators falsely 

perceive that they innovate but customers feel alienated. 

Simply put, the depth of knowledge (specialization) enhances the usefulness of a 

new product idea, but is unlikely to positively impact its newness dimension. This may 

explain why diverse expertise, the componential factors’ breadth of knowledge, is 

additionally essential for the making of new products’ creative ideas. 

 

Impact of Componential Factors: Team Level 

Diverse expertise is characterized by the extent to which an NPD team 

comprises different areas of expertise from different functional backgrounds, 

experience, and skills. The results reaffirm the positive impacts of diverse expertise on 

the newness, usefulness, and productiveness of the ideation outcomes, but do not 

reveal a significant association between diverse expertise and idea appropriateness. 

This study confirms that working as a team increases quantity and quality of new 

product ideas (see Dennis and Valacich 1994). Moreover, findings indicate that NPD 

team members’ integrative knowledge and skills, experience, and group cognition 

enhance new product ideas’ newness and usefulness to customers. These 

qualifications can also improve efficiency and effectiveness in the production system 

(e.g., reduced cycle times, lower production losses, improved product quality).  

The contribution of diverse expertise does not significantly improve the fit 

between new product ideas and existing lines of production. The idea appropriateness 
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dimension requires only NPD team members’ general knowledge about what could be 

made at the current production facilities. This kind of knowledge would rather serve as 

the foundation of the integration of diverse expertise and provide the basis for creating 

further dialogues between the experts from different functions to enhance the 

production effectiveness and efficiency, not as the result of the diverse expertise. As 

such, idea appropriateness is a result of individuals’ expertise in NPD of a given product 

domain rather than the product of the incorporation of diverse expertise into an ideation 

team. This argument is strongly supported by the significant relationship between 

specialization and idea appropriateness. 

 

Behavior of Goal Constraint: Constraint Enhances Creativity 

The goal constraint–idea newness and goal constraint–idea usefulness 

relationship are pre–specified as inverted U–shape. However, these hypotheses are 

found to be only partially supported. The results exhibit significant linear relationship 

rather than the curvilinear association between goal constraint and newness and 

usefulness dimensions of new product ideas. To ensure that the conclusion can be 

rigorously made from the model estimation, post hoc studies were conducted to exclude 

any rival explanation by other variables. 

The re–analyses powerfully assert that goal constraint increases the newness 

and usefulness of new product ideas in a linear manner. These findings could be 

supported by the fact that goal constraint can be used to confine creativity task and 

focus ideation problems. Confining creativity and focusing ideation, in turn, may 

stimulate the challenge for idea creators to conquer. As one might conclude, challenge 
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(especially as a result of goal constraint) could be considered the factor that increases 

excitement and concentration and enables idea creators to enjoy the ideation tasks 

(Oldham et al. 1995). Accordingly, this intrinsically motivates the creators to overcome 

the challenge and accomplish the ideation tasks. As suggested by seminal works on 

creativity (Amabile 1996), intrinsic motivation is a crucial factor for creative outcomes 

(both usefulness and newness dimensions). This linear relationship between goal 

constraint and creative ideation outcomes redirects research attention to the type of 

constraint rather than the level of constraint. The different types of constraints may 

cause dissimilar effects on the dimensions of new product ideas. For example, goal 

constraint enhances creative ideas but other types of constraint (e.g., task constraint, 

resource constraint etc.) may negatively impact creativity. 

 

Impact of Goal Constraint 

Because goal constraint has exhibited the significant linear relationship with both 

newness and usefulness dimensions of ideation outcomes, it is not unexpected to find 

that this construct has less significant interaction influence on the componential factors. 

Goal constraint can enable significant moderating impacts on the relationship between 

specialization and idea newness and that between specialization and idea usefulness. 

However, the impact of this constraint seems unapparent on the relationship between 

diverse expertise and idea newness and that between diverse expertise and idea 

usefulness. 

One possible explanation for goal constraint’s non–significant effect on the 

diverse expertise–idea newness and diverse expertise–usefulness relationship could be 
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that the ideation team with diverse expertise already had its members representing 

diverse body of knowledge. These members have a diversity of views and experience 

that they can bring to and share with the others during the creativity task. This ideation 

team allows its members to use judgments of knowledgeable others as a basis for 

appraising the value of each member’s novel contribution in the relevant functions for a 

specific product domain (Csikszentmihályi 1990; Ford 1996; Mumford and Gustafson 

1988). This already serves as an implicit and intrinsic constraint for the team when it is 

assigned a specific ideation task. As a result of this mechanism, this constraint is likely 

to guide the association between the heuristic and algorithmic approach within the 

ideation team. Various experts in the team can help others locate the space of 

possibilities and prohibit the waste of cognitive efforts and uncreative association. This 

may also prevent the team members (with different expertise) from surrendering 

themselves to a habitual way of ideation. Therefore, including goal constraint into this 

team setting seems unlikely to provide additional impact on the generation of new and 

useful ideas. 

Inconsistent with the study’s proposal, goal constraint exhibits the significant 

moderating impacts on both the relationship between specialization and newness and 

that between specialization and usefulness. However, these moderating impacts are in 

the opposite direction to the hypothesized ones. In the two follow–up post hoc analyses, 

it appears that goal constraint can significantly enhance the idea newness and 

usefulness in a group of idea creators who demonstrate a low level of specialization. 

Specifically goal constraint increases both idea newness and usefulness in a group of 

less specialized creators. This constraint can help this group outperform the more 
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specialized group on the newness and usefulness dimension of creative ideas (see 

figure 8 and 9). Apparently, goal constraint does not exhibit a significant impact on a 

group with high level of specialization. 

A possible explanation for this moderating impact is that the group members 

exhibiting high level of specialization are highly experienced and well equipped with 

relevant knowledge, experience, and skills regarding new product idea development. 

These people understand what they should do when they get involved in the creativity 

task. It is perhaps unnecessary to increase goal constraint as the guidance for their 

work, and doing so would probably discourage them from creative goals. Conversely, a 

group of idea creators with low level of specialization needs guidance. Goal constraint 

directs less specialized creators to acquire new information, knowledge, and skills 

necessary for producing novel and useful ideation outcomes. Therefore, goal constraint 

should be managed carefully and selectively for the appropriate level of ideation team 

members’ knowledge, skills, and experience. 

 

Managerial Contribution and Implication 

Findings from this study provide several insights for ideation practices. Before 

starting any new product idea development project, managers or supervisors for this 

creativity task should carefully consider (1) types and quality of new product ideas, (2) 

components of an ideation work unit, (3) a goal constraint that could enhance product 

innovation, and finally (4) how to generate creative ideas with team members having 

different levels of competency. 
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The NPD’s ideation task should be benchmarked by not only two simple 

traditional dimensions of new ideas (newness and usefulness to customers) but also the 

extent to which new product ideas would fit with the exiting production facilities. This 

ultimate goal for the ideation process can satisfy both customers who seek novel and 

useful features as well as the producers who desire to mitigate the production hassle 

due to completely new sourcing models and the huge investment associated with the 

making of a few new product items. 

The results from the study also suggest that the development of new product 

ideas is a creativity task that needs a team of experts. Having experts embedded with 

relevant knowledge regarding NPD in the product domain working on the development 

of new product ideas is likely to increase the depth and breadth of knowledge, 

experience, and skills necessary for this creativity task. This diversity of area of 

expertise can enhance the usefulness of the ideas to customers as well as the 

appropriateness of the ideas for the existing lines of production. However, experts 

should not be allowed to perform the task solitarily, that can inhibit the newness of 

product ideas. A diversity of knowledge, skills, and training backgrounds can mitigate 

the effect of competence trap, in which experts are locked in with their own accumulated 

knowledge and lead to their routine behaviors rather than novel paths to creative ideas. 

A diversity of expertise significantly enhances the creation of new product ideas that are 

new and useful to customers and potentially improves the product efficiency and 

effectiveness. The findings strongly encourage practitioners to adopt such team setting 

as cross–functional structure in the front end of NPD. 
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It is worthy to note that goal constraint is an influential factor that should be 

managed rather than eliminated from a creativity task. From a practical standpoint, goal 

constraint represents the development limits set by customers. Practitioners should 

consider using this constraint to challenge the designated team members who are 

assigned to the development of new product ideas. This constraint can stimulate 

excitement and intrinsic motivation challenging the team members to overcome 

obstacles by utilizing their accumulated knowledge and acquiring new relevant 

information necessary for an assigned creativity task. Furthermore, goal constraint is 

indeed much more important when the ideation team members do not demonstrate a 

high level of competence (i.e., knowledge, skills, and experience in new product idea 

development for a specific product domain). This constraint can help the team members 

to create new product ideas that are useful and novel to customers. 

 

Theoretical Contribution and Implication 

In addition to the managerial insights, this research has added theoretical 

contribution to the domain of new product development, especially the front–end of 

NPD. Findings from this study suggest that the componential factors for creativity task 

could be well understood by separating the breadth (diverse expertise) and depth 

(specialization) of knowledge. These two dimensions of knowledge along with a work 

unit setting of new product idea creators have different impacts on the desired 

outcomes of a creativity task. Findings from this study shed light as to how the ideation 

team could be properly organized and structured to achieve the desired creative 

outcomes. Moreover, the significant impacts of both specialization and diverse expertise 
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contribute to the literature in cross–functional integration for NPD. The findings indicate 

that a cross–functional form could be used successfully in the front–end of NPD as well.  

This study also suggests that creativity of new product ideas should be appraised 

based on the dimensions that reflect both customer and firm perspective. Idea newness 

and usefulness reflect only customer perspective. Therefore, idea appropriateness and 

productiveness should be used to represent the impact of ideation outcomes on firms’ 

production efficiency and effectiveness. These four outcome dimensions of new product 

idea creativity should be assessed simultaneously when an ideation project takes off 

because they represent essential aspects of the front end, and any decision made 

during this stage influences the majority of subsequent resources allocated for the NPD 

project. 

Finally, this study reveals that constraint, especially goal constraint, does not 

inhibit creativity but, instead, enhances creativity. Goal constraint is an essential tool for 

an ideation task in which creative idea can be achieved by striking a balance between 

algorithmic and heuristic processes. Goal constraint enhances creativity directly and 

indirectly through the interaction with ideation team members’ level of knowledge. 

 

Conclusion 

As a creativity task, the ideation process is traditionally considered heuristic 

rather than algorithmic in nature. The idea generation is heuristic in the sense that it is 

the process whereby individuals generate variation of ideas in somewhat mysterious 

ways. Making the ideation process to be completely heuristic (i.e., anything goes) needs 
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not result in breakthroughs while the rigid, algorithmic procedure often leads to just 

conventional outcomes. 

Rooted in cognitive psychology (Simonton 2003, p. 475), this study proposes that 

ideation activities in NPD should be pursued as the “constrained stochastic behavior.” 

An ideation task not only needs good componential factors but also requires constraint 

to frame the task by precluding unwieldy ideas while promoting high variability of ideas. 

Focusing on the inputs and attempting to strike a balance between algorithmic and 

heuristic ideation process may provide the mechanisms to manage the psychological 

perceptions with an aim to stimulate and orchestrate the ideation staff’s cognitive efforts 

to generate the creative idea. 

To achieve this goal, new product idea creativity is considered as the ideas that 

could turn out to be products that are novel to and useful for customers, and appropriate 

to firms’ existing production systems. All these dimensions should be used 

simultaneously to appraise the extent to which new product ideas are considered 

creative. In addition, the study asserts that componential factors include two factors: 

specialization representing idea creators’ depth of NPD knowledge, experience, and 

skills in a product domain, and diverse expertise representing the breadth of ideation 

team’s knowledge, experience, and skills concerning the same domain of NPD. These 

factors are essential and collectively can enhance creativity in the development of new 

product ideas. Finally, goal constraint is defined, operationalized, and incorporated in 

the NPD ideation framework. This constraint encapsulates the overall criteria and 

stylistic principle for a particular product domain and reflects the frame of reference for 

new product idea development. 
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The findings from this study provide mixed results, and yield at least three new 

concepts. First, the process of new product idea development truly requires 

specialization and diverse expertise if its ultimate goal is creativity. Both componential 

factors are essential and together can enhance new product ideas on all important 

dimensions. Second, goal constraint exhibits a linear relationship, rather than an 

inverted U–curve relationship, with idea newness and usefulness–two dimension of 

creativity important for customers. Finally, goal constraint should be managed rather 

than eliminated. This constraint can enhance creative outcomes of new product ideas, 

especially in the ideation team exhibiting a low level of specialization. 

 

Limitation and Suggestion for Future Research 

The limitation of this study reveals opportunities for future research. Given that 

this study has been framed in the technology products, particular care should be taken 

when the findings are generalized beyond this product domain. To the best of this 

author’s knowledge, this is the first study that incorporates constraint in the model of 

new product idea generation and explores its impact on new product ideas. Replication 

and confirmatory studies may be very helpful to make progress for this research area. 

Several other areas also need future exploration and examination. Firms’ 

resource available to the ideation team is another key factor that may correlate with 

creativity and productivity of idea generation. The supports from the companies 

guarantee idea creators necessary resources (e.g., time, human and financial 

resources) to experiment and try new things. These may have different impacts on 

different creative outcomes. In addition, forming R&D alliance or NPD partnership can 
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increase the number of knowledge sources in which idea creators can access (Huston 

and Sakkab 2006), thus increases in the potential for creativity. This relationship 

deserves further exploration, as well. Furthermore, it would be interesting to discover 

the other industry–specific constraints and understand how these constraints could 

improve creativity. 

There are other important factors at the ideation team level that should be 

examined. Team structure and team process factors are likely to impact team 

performance, especially the outcomes of a team’s creativity tasks. Communication and 

association are the important factors to facilitate flow of information among individual 

idea creators, especially when the creators work as a team. Hence, individuals’ ability to 

communicate and associate with other team members is very important in a team’s 

creativity task. The additional factors that tie the ideation team members together and 

direct them to focus on the assigned creativity task (e.g., social cohesiveness, task 

cohesiveness, goal congruity) are likely to facilitate the sharing of knowledge to create 

new product ideas. These factors require an examination as well. It is hoped that these 

research avenues will pave the way for significant progress in research and practice 

concerning the front end of new product development. 
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