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Abstract 

The literature on new product development performance captures knowledge creation as 

a prerequisite for innovation. Architectural innovation as an important driver of new 

product development relies on the creation of new architectural knowledge. It is not yet 

clear how knowledge creation affects architectural innovation. This research investigates 

the effect of different knowledge creation modes on architectural innovation using a 

sample of 196 UK manufacturing companies. This study supports the positive effect of 

socialisation, externalisation, and internalisation on architectural innovation which will 

lead to new product development. 
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1 Introduction 
 

In today’s ever-changing environment, there is a need to respond to external technological 

and market changes. This is particularly the case in the manufacturing industry, where 

competition is very fierce and customers’ needs are changing. The proliferation of 

research that investigate how organisations can survive in this environment was the 

motivation behind this research, knowledge processing capabilities aim to renew firms’ 

knowledge stock and allow firms to keep up to date with technological and market 

changes. The ability to create and manage knowledge is a prerequisite of innovation, as 

the process of creating knowledge can leverage firms’ resources and efforts into creative 

and novel outcomes (Schulze and Hoegl, 2008, Chang et al., 2014, Sujatha and 

Krishnaveni, 2018). Although innovation has various prerequisites, the focus of this 

research is on knowledge creation. The research shows that knowledge processing 

capabilities are essential to create value and produce innovative outcomes (Grant, 1996, 

Nonaka and Von Krogh, 2009, Chang et al., 2014).  

 

The pressure to innovate has become pervasive in today’s markets. Technological 

changes, customer demands, and revolutionary technologies combine to place pressure 

on firms to constantly innovate and provide cutting-edge outcomes. Developing 

innovative capabilities (such as architectural innovation capability) enhances firms’ 

ability to respond to market demands by producing innovative products and services and 

can has a profound impact on their performance (Henderson and Clark, 1990, Amabile, 

1993). This research contributes to developing a framework of architectural innovation 

capability to optimise performance in a rapidly changing environment. 
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Architectural innovation (AI) is increasingly highlighted as an important driver of new 

product development (Henderson and Clark, 1990, Baldwin and Clark, 2006, Grunwald 

and Kieser, 2007). AI is defined as rearranging the way components are linked together 

while leaving the core design concepts (and thus the basic knowledge underlying the 

components) untouched (Henderson and Clark 1990). It is the reconfiguration of product 

or process components and creating completely new interfaces between them. 

Architectural innovation enables the creation of new markets or reforming existing 

market and may allow new entrants to make inroads into newly developed industries. 

Since AI usually prevails at the early stage of technological change and industry 

evolution, researchers believe that AI can affect companies’ survival and performance 

(Baldwin and Clark, 2006). Hence, researchers are interested in examining the 

performance enhancement that can be achieved by exploiting architectural innovations 

(Henderson and Clark, 1990, Bozdogan et al., 1998, Galunic and Eisenhardt, 2001). 

 

Architectural innovations depend on the innovator’s superior architectural knowledge, 

which is defined as the knowledge about “the entities of a system and how they are 

related.” (Baldwin and Clark, 2006). According to Baldwin and Clark (2006: 5) 

architectural knowledge comprises knowledge of (1) how the system performs its 

functions (the function to component mapping); (2) how the components are linked 

together (the interfaces between components); and (3) the behaviour of the system, both 

planned and unplanned, in different environments. However, according to Henderson and 

Clark (1990) architectural knowledge is destroyed when architectural innovation is 

enhanced, because old architectural knowledge gets obsolete when new architectural 
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innovation is created. Therefore, continuous creation of architectural knowledge is 

needed to allow further architectural innovation, which will facilitate further new product 

development (Popadiuk and Choo, 2006).  

 

As Nonaka and Takeuchi (1995: 50) pointed out, “understanding how organisations 

create new products . . . is important. A more fundamental need is to understand how 

organisations create new knowledge that makes such creations possible”. For example, 

as new product development (NPD) teams are engaged in knowledge creation, therefore, 

NPD management should focus on cognitive team processes rather than purely social 

processes (Madhavan and Grover, 1998). The role of tacit knowledge and explicit 

knowledge interaction are therefore highlighted (Nonaka and Takeuchi, 1995). Tacit 

knowledge is defined by Polanyi (1967) as a central part of knowledge that resides in 

individuals’ minds while explicit knowledge resides in textbooks, documents and 

formulae. A great amount of organisational knowledge remains tacit because it is 

extremely hard to describe it. Therefore, tacit knowledge tends to be embedded in 

individual or social groups’ minds. Hence, new products are considered embodied 

knowledge and are largely affected by the input of NPD team and how the NPD manager 

facilitates the transition from embedded to embodied knowledge (Madhavan and Grover, 

1998).  

 

In this vein, the importance of how knowledge creation modes operate in the different 

phases of NPD to increase or decrease NPD success is highlighted in the literature (Clark 

and Fujimoto, 1991, Corti and Storto, 2000, Schulze and Hoegl, 2006). For example, 

previous research found that socialisation offers an informal interaction to develop a 
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common understanding of the new product and its features. Team members have the 

potential to create knowledge as soon as they get together (Madhavan and Grover, 1998). 

Therefore, they are better positioned to integrate their knowledge bases because they have 

a shared understanding of the product idea and its features, especially at the concept phase 

(Schulze and Hoegl, 2006). According to Schulze and Hoegl (2006), combination has a 

positive effect on the development phase of new products. As team members will be able 

to synthesise knowledge acquired from different sources in order to create solutions to 

technical challenges and avoid mistakes from old projects. Other researchers (Clark and 

Fujimoto, 1991, Corti and Storto, 2000) argue that socialising individuals from different 

groups outside or inside the organisation from different experience and background is key 

in the concept phase of NPD.  

 

Popadiuk and Choo (2006) have called for more research in order to develop a fuller 

understanding of the interaction between knowledge creation and innovation. In this 

sense, how knowledge creation modes generate architectural knowledge and result in 

architectural innovation will be of great interest to researchers and practitioners to 

understand the mechanisms of more successful new product development. Extant review 

of the literature suggests that existing empirical studies provided some evidence for 

approving the role of knowledge creation modes in NPD. For example, Schulze and Hoegl 

(2006) found that socialization during the concept phase and combination during the 

development phase are positively related to new product success, but that externalization 

during the concept phase as well as socialization and internalization during the 

development phase are negatively related to new product success. Schulze and Hoegl 

(2008) later found that socialization and internalization are important to new product 
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ideas development but failed to approve the positive role of combination and 

externalization in the concept phase of NPD. Other scholars, such as (Clark and Fujimoto, 

1991; Corti and Storto, 2000) suggest that socialising individuals from different groups 

outside or inside the organisation from different experience, background is key in the 

concept phase of NPD. However, there is generally a lack of empirical studies that focus 

on the role of knowledge creation modes in architectural innovation. This study, therefore, 

contributes to the literature by clarifying the link between knowledge creation modes and 

architectural innovation, so that to provide more insights for decision makers to 

implement better new product development. 

 

This paper is structured as follows: the next section reviews the knowledge creation 

modes by focusing on the knowledge categorization of Nonaka (1994). This is followed 

by the discussion of potential linkages between different knowledge creation modes and 

architectural innovation and the research hypotheses. Empirical data collection and 

hypothesis testing is then presented, which is followed by the discussion of results and 

conclusion. 

 

2 Literature review 
 

The underlying proposition in the extant literature is that firms capable of creating new 

knowledge are better at delivering value by generating superior products (Kogut and 

Zander, 1992, Von Krogh et al., 2000, Smith et al., 2005, Schulze and Hoegl, 2006, Song 

et al., 2012, Su et al., 2013). Previous research argues that innovation is the outcome of 

new knowledge creation. For example, Kogut and Zander (1992: 392) propose that 
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“innovations are new combinations of existing knowledge and incremental learning”. 

Leiponen (2006) claims that innovation is the result of creative reconfiguration of firm’s 

knowledge. New knowledge was described by Madhavan and Grover (1998) as a 

prerequisite for product innovation. New knowledge can be generated internally through 

knowledge creation efforts geared by their employees’ skills, knowledge, and experience 

(Smith et al., 2005). In addition, knowledge can also be acquired (absorbed) from external 

sources (Cohen and Levinthal, 1990). 

 

Multiple categorisations of knowledge creation were covered in the literature. For 

example, Nahapiet and Ghoshal (1998) propose that knowledge is created by knowledge 

exchange and combination, in which knowledge creation depends on individuals’ abilities 

to exchange and combine knowledge. In this process firms can create social capital 

(knowledge) by interchanging information and knowledge between organisational 

members and subunits. Moreover, this combines previously unconnected elements or 

creates novel ways to combine previously unconnected elements. Another model was 

developed by Leonard (1998), which proposes that core capabilities can be created by 

four critical activities; problem-solving, implementing and integrating, experimenting, 

and importing knowledge. This model combines an internal and external focus to develop 

the firm’s core capability 

 

Nonaka’s knowledge conversion model (Nonaka, 1994, Nonaka and Takeuchi, 1995), 

however, is one of the most important frameworks informing the understanding of 

organizational learning and innovation processes. According to Nonaka (1994), an 

organization creates new knowledge through the conversion and interaction between its 
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tacit and explicit knowledge. Four modes of interplay between tacit and explicit 

knowledge: socialisation, externalisation, combination, and internalisation, will result in 

knowledge creation.  

 

According to Nonaka and Takeuchi (1995), the first knowledge creation mode is 

socialisation (tacit knowledge to tacit knowledge). This mode requires social interaction, 

and the sharing of experience, mental models, and technical skills among individuals. 

 

Externalisation is the process of articulating tacit knowledge into explicit concepts which 

“helps promote reflection and interaction between individuals” (Nonaka and Takeuchi, 

1995: 64). Externalisation is triggered by dialogue or collective reflection and is useful in 

the concept phase to articulate tacit knowledge as Peltokorpi et al. (2007) point out that 

“exposure to diverse ideas during the externalisation phase is important as every step in 

the innovation process is proposed to be about someone asking about imaginary 

possibilities, speculating about what would happen if, and reflecting on yet unrealised 

and perhaps unrealisable solutions” (Peltokorpi et al., 2007: 56). Hence, most of the new 

knowledge created in organization is largely through dialogue and interaction between 

employees (Sujatha and Krishnaveni, 2018).   

 

After the creation of various explicit concepts, combination is important to aggregate 

explicit knowledge using various communication channels. This process includes 

documentation, meetings, networking, and conversation, which are essential to create 

new knowledge by reconfiguring existing knowledge. Here, explicit knowledge is 

exchanged and combined to be integrated into the knowledge system (Nonaka and 

Takeuchi, 1995). 
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Internalisation is the process where explicit knowledge is changed into tacit knowledge 

which is connected to “learning by doing” (Nonaka, 1994: 20). The explicit knowledge 

is captured in a form of mental models, skills or technical know-how possessed by 

individuals (Nonaka and Takeuchi, 1995, Nonaka et al., 1998). Knowledge 

internalisation includes efforts to absorb accumulated organisational know-how, in which 

individuals strive to learn the recipe of ‘how to do it’ (Kale and Singh, 2007). 

 

The four knowledge creation modes offer important basis for understanding the 

relationship between organizational dynamics and knowledge development and 

innovation development. In this study, we intend to examine whether the four modes of 

knowledge creation will influence the architectural innovation of firms. 

 

Socialisation and architectural innovation 

 
According to Nonaka (Nonaka, 1994: 19), socialisation depends on sharing of 

experiences. As the key to acquiring tacit knowledge is experience, individuals who have 

the experience and the specialisation are more capable of sharing and acquiring tacit 

knowledge (Nonaka, 1994, Nonaka and Takeuchi, 1995). However, tacit knowledge is 

characterised as being difficult to codify and transfer, which generally referred to as 

“sticky” (Von Hippel, 1994, Szulanski, 1996, Collins, 2010), therefore, a mechanism is 

needed to share tacit knowledge among individuals. Arguably, socialisation creates a 

space for tacit knowledge to be shared (what Nonaka and Konno (2005) refer to as Ba). 

Ba can be a formal or informal setting, such as an apprenticeship that facilitates the place 

or a field of interaction. Sharing tacit knowledge is essential for architectural innovation 
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as “architectural knowledge tends to be embedded in the tacit knowledge of the 

organisation” (Henderson, 1991: 44). Socialisation enables individuals to share tacit 

knowledge and expertise which facilitate ideas generation (Schulze and Hoegl, 2006). 

 

Since new product developments are usually attributed to knowledge gained from 

experience (Levinthal and March, 1993), new product knowledge resides in the minds of 

individuals (experts) responsible for innovations (Drazin and Rao, 2002). Ideas generated 

based on shared understanding are more likely to be transformed into innovative products 

(Sujatha and Krishnaveni, 2018). For example, a team of individuals who possess a 

variety of different experiences is better positioned to innovate, because members are able 

to get a better comprehension of each other’s perspective in order to explore new product 

characteristics based on different viewpoints (Schulze and Hoegl, 2006). As a result, this 

research argues that socialisation is considered a tool for sharing tacit knowledge (i.e., 

architectural knowledge about reconfiguring existing product components) that enhances 

the capability to create new linkages between existing product components. 

 

Based on the previous argument, this research posits that socialisation is more likely to 

enable firms to produce architectural knowledge, and therefore can enhance architectural 

innovation. Based on the previous argument the following hypothesis is proposed: 

 

H1: Socialisation is positively related to firms’ architectural innovation capability. 

 

Externalisation and architectural innovation 
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Tacit knowledge which is acquired from the socialisation process is of little use unless 

externalised and used in a concept or a prototype. Thus, externalisation is the true 

knowledge creation amongst all four modes as this is where true, new, explicit concepts 

are created through using sequential serials of metaphor, analogy, and model (Nonaka, 

1994, Nonaka and Takeuchi, 1995, Peltokorpi et al., 2007). Subsequently, as 

externalisation is facilitated by formal exchange of knowledge and experience, it will 

enable firms to efficiently realise the ideas generated and integrate them to facilitate the 

expeditious development of new products (Schulze and Hoegl, 2006, Chang et al., 2014). 

As a result, this research argues that this knowledge conversion process is important to 

articulate the informal ideas shared in the socialisation stage into product properties using 

a formal agenda. Thus, architectural innovation is likely to be enhanced by efficiently 

applying the product properties which were identified previously in the socialization 

processes. Thus, the following hypothesis is proposed: 

 

H2: Knowledge externalisation is positively related to firms’ architectural innovation 

capability. 

 

Combination and architectural innovation 
 

Combination integrates the newly created explicit knowledge with the organisation’s 

knowledge base to facilitate innovation (Shu et al., 2012). As a result of knowledge 

integration, technological advancements can be interpreted in a new innovative way, 

which is more likely to facilitate knowledge reconfiguration. Therefore, knowledge 

configuration facilitates translating new concepts to marketable products. 
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Lee and Choi (2003) empirically supported the positive effect of combination on 

innovation and organisational creativity, which was defined as “the creation of valuable, 

useful, product, idea,…by individuals working together in a complex social system” (Lee 

and Choi, 2003: 4). Furthermore, Schulze and Hoegl (2006) argued that combination has 

a positive effect on new product success at both the concept and the development phase 

(their study supported the effect during the development phase, while it failed to support 

the effect during the concept phase). Evidence also gained that combination helps in 

creating valuable knowledge from explicit knowledge to generate innovative product 

ideas (Crawford and Di Benedetto, 2008). Problem-solvers decompose, and recombine 

pieces of information in order to examine the cause-effect linkages and specify 

requirements for more useful and differentiated products (e.g., Clark and Fujimoto, 1991, 

Dougherty, 1992, Corti and Storto, 2000). 

 

Furthermore, combination embarks and builds on the organisation current capability in 

order to verify the feasibility of the initial product idea. Hence, “combinative capability” 

as proposed by Kogut and Zander (1992) aims to synthesise and apply current and 

acquired knowledge from various domains to envision potential reconciliation between 

current limitations and technologies, in order to create product ideas with differentiated 

characteristics (e.g., applying technologies from the optical signal processing to mobile 

phones systems, adapted from Schulze and Hoegl (2006)). In addition, combinative 

capability can use reports of previous unsuccessful product ideas to avoid falling into the 

same mistakes. Hence combination facilitates new product development through quick 

idea generation within the specified timeframe and budget (Nonaka and Takeuchi, 1995, 

Schulze and Hoegl, 2006).  
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Knowledge combined from different domains can help in realising new innovative 

solutions based on looking at challenges from different perspectives and integrating 

multiple dimensions into local solutions. Hence, this research argues that combination is 

likely to positively affect architectural innovation capability. Therefore: 

 

H3: Knowledge combination is positively related to firms’ architectural innovation 

capability. 

 

Internalisation and architectural innovation 
 

Knowledge internalisation requires team members to be familiar with each other’s 

expertise and skills which helps them to comprehend the pool of available knowledge. 

This potential to identify and recognise peers’ knowledge, to understand the available 

pool of knowledge, and how each other’s unique knowledge fits together, will enable 

individuals to efficiently use it collectively to create innovative products (Cohen and 

Levinthal, 1990, Nonaka, 1994, Van Den Bosch et al., 1999, Lee, 2001, Tiwana and 

Mclean, 2005, Kale and Singh, 2007, Chang et al., 2014). This process of recognising, 

assimilating, and exploiting peers’ specialised knowledge is essential in facilitating the 

capability of reconfiguring architectural knowledge. Locating and leveraging knowledge 

possessed by different team members, and “the constant interaction of a multidisciplinary 

team whose members work together from start to finish” (Nonaka and Takeuchi, 1995: 

242), allow organisations to create new products or modify existing ones (Rothaermel 

and Hess, 2007). 
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Thus, this research argues that internalisation facilitates architectural innovation through 

individuals’ absorption of each other’s know-how; wherein team members recognise, 

interrelate, and leverage organisational know-how. This ability is essential to stimulate 

creativity (Tiwana and Mclean, 2005). Thus, knowledge internalisation requires team 

members to absorb each other’s specialised knowledge, and not just transferring 

knowledge between individuals in order to collectively and efficiently use it for product 

development (Nonaka, 1994, Kale and Singh, 2007). Knowledge internalisation 

encourages the collective use of teams’ individual knowledge which is more likely to 

enable creating new links between existing components. Given that architectural 

innovation is based on tacit knowledge (Henderson, 1991: 44), it is vital that the 

organisation is able to convert explicit knowledge into tacit knowledge that can be utilised 

to produce architecturally innovated products. Based on the previous argument, this 

research proposes that internalisation is more likely to positively affect architectural 

innovation capability, which is captured in the following hypothesis: 

 

H4: Knowledge internalisation is positively related to firms’ architectural innovation 

capability. 

 

3 Methodology and data analysis 
 

This research targeted the UK manufacturing industry to examine the hypothesised 

relationships. In order to get access to the population, a database was acquired from a 

well-known databases specialist company. The database included contact details of top-

level managerial positions like CEOs, Managing Directors, and manufacturing directors 
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(including name, email address, position, company name, and industry). The database 

received were examined and screened, for example, hard bounce back email addresses 

were excluded after sending the first survey invitations. In total 500 questionnaires were 

distributed using Qualtrics (web-based survey tool) out of which 196 questionnaires were 

completed. Therefore, the response rate was 39.2% which is consistent with the 

acceptable rate in similar studies (Song et al., 2005). 

 

The measurement scale (Table 1) were adapted from validated scales of previous 

research, but modified based on a pilot study feedback from a sample of managing 

directors from the UK manufacturing industry. The scale for the four modes of knowledge 

creation was adopted from Schulze and Hoegl (2006). The items were developed 

originally to target project teams, however, these items were modified to better fit this 

research’s target respondents (top management). Items of architectural innovation were 

developed based on a thorough review of the relevant literature and the pilot study. 

 

Since the data were collected in a single instrument from a single respondent from each 

company, the threat of common method bias to the data was checked using Harman’s 

(1976) one-factor test. The resulting principal component analysis returned five distinct 

factors with eigenvalues greater than 1, which accounted for 74.792 % of the variance 

and the first factor accounted for 39.623% of the variance. The results hence led us to 

conclude that common method bias was not an issue. 

 

In addition, construct validity was tested using confirmatory factor analysis (Table 1 and 

Table 2). As shown in Table 1, there are good model fit indices (χ2/df=1.60, CFI=0.93, 
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GFI=0.91, RMESEA=0.06). Moreover, all factor loadings are above the satisfactory level 

of 0.6 (Hair et al., 1998). Construct reliabilities all exceed 0.70 (Fornell and Larcher, 

(1981). The Average Variance Extracted (AVE) (Table 2) by each construct all exceed 

the variance due to measurement error for that construct (i.e., AVE exceed the 

recommended threshold of 0.50 (Fornell and Larcher, (1981). Moreover, Cronbach’s 

alpha values (Table 2) are all above the 0.7 recommended by Nunnally (1978). Therefore, 

the convergent validity of the construct is established. Moreover, as shown in Table 2, 

the square root of AVE for each construct exceeds the factor correlations between that 

construct and other constructs (Fornell and Larcker, 1981). Therefore, discriminant 

validity of the construct is also established. Correlation test shows that collinearity is 

within the appropriate level and therefore no collinearity problem between the study 

variables (all figures do not exceed 0.80) (Hair et al., 1998). 

 
Table 1: Measurement item properties 

Construct Measurement Item Standardised 
Factor 

Loading 
Architectural 

Innovation 
A1 The new product development processes that we 

followed to develop this product: encouraged us to 
explore new linkages between existing technologies* 0.73 

A2 has led to significant changes in the way product 
technologies interact* 0.81 

A3 has led to significant changes that influenced the overall 
performance of the product* 0.84 

   
Socialisation S1 We spent a lot of time in personal interaction aside from 

organized meetings with other people in the organization 
to discuss suggestions, ideas, or solutions. 

0.81 

S2 We spent a lot of time in personal interaction aside from 
organized meetings with people from other departments 
in the company in order to discuss suggestions, ideas, or 
solutions. 

0.90 

S3 We spent a lot of time in intense discussions about 
suggestions, ideas, or solutions in face-to-face meetings 
with people from different departments in the company. 

0.88 

S4 We spent a lot of time in the conscious creation of a 
common understanding of a problem with people from 
other departments in the company. 

0.83 
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Externalisation E1 We spent a lot of time reflecting collectively and framing 

our ideas or solutions with regard to customer needs. 
0.61 

E2 We spent a lot of time interviewing competent people 
about ideas or solutions with regard to relevant 
technologies. 

0.85 

E3 We spent a lot of time interviewing competent people 
about ideas or solutions with regard to customer needs. 

0.87 

E4 We spent a lot of time creating detailed descriptions (e.g., 
protocols, presentations, reports) containing newly 
developed knowledge about customer needs. 

0.71 

   
Combination C1 Focusing on the project, we systematically edited the 

technical knowledge collected. 
0.78 

C2 Focusing on the project, we systematically edited the 
knowledge collected about customer needs. 

0.83 

C3 Focusing on the project, we systematically edited the 
collected about the procedure of creating, evaluating, and 
selecting a product concept/developing products. 

0.70 

C4 Within the organization, we distributed our newly gained 
insights about customer needs. 

0.75 

   
Internalisation I1 We spent a lot of time in trial and error (experimenting), 

thereby developing a sense for the feasibility of our 
thoughts regarding the functionality of the technology. 

0.92 

I2 We spent a lot of time in trial and error (experimenting), 
thereby developing a sense for the feasibility of our 
thoughts regarding customer needs. 

0.96 

I3 We spent a lot of time in trial and error (experimenting), 
thereby developing a sense for the feasibility of our 
thoughts regarding the procedure of creating, evaluating, 
and selecting a product concept/ developing products. 

0.88 

I4 We spent a lot of time systematically testing our 
theoretical knowledge about customer needs. 

0.75 

* Respondents were prompted to answer these questions as they apply to a recent product (in the last five 
years). 

 

Table 2: Construct Properties and Correlations 

  α CR AVE 1 2 3 4 5 
1 Architectural 

Innovation 
0.84 0.84 0.62 0.79 a     

2 Socialisation 0.92 0.92 0.74 0.44 0.86 a    
3 Externalisation 0.84 0.85 0.74 0.39 0.68 0.86 a   
4 Combination 0.85 0.85 0.59 0.30 0.52 0.63 0.77 a  
5 Internalisation 0.94 0.94 0.85 0.42 0.40 0.35 0.31 0.92 a 

α Cronbach Alpha 
CR Construct Reliability 
AVE Average Variance Extracted 
a Numbers on the diagonals are square root of AVE 
Model fit indices: χ2/df. = 1.60; CFI = 0.93; GFI = 0.91; RMSEA = 0.06 
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Hypotheses were then tested using Structural Equation Modelling (Table 3). Good model 

fit indices are found (χ2/df=1.63, CFI=0.92, GFI=0.91, RMESEA=0.06) and no 

significantly large modification indices are found, suggesting a good model fit (Hair et 

al., 2010). Significant relationships are found for socialisation and internalization. 

Therefore, Hypothesis 1 and 4 are supported suggesting socialization and internalization 

have a significant positive relationship with firms’ architectural innovation. Marginal 

significant relationship is found for externalisation, thus hypothesis 2 was partially 

supported. Therefore, knowledge externalisation does affect firms’ architectural 

innovation despite being less significant than socialization and internalization. No 

significant relationship is found for knowledge combination. Hypothesis 3, therefore, was 

not supported. The structural equation model is presented in Figure 1. 

 

Figure 1: Structural equation model (χ 2/df = 1.63, CFI = 0.92, GFI = 0.91, RMSEA= 
0.06) 
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Table 3: Hypothesis Testing Results 

Variables Dependent Variable 
Standardized Path Coefficient (t-value) 

 Architectural Innovation Capability 

Independent Variables      
Knowledge Socialisation 0.23 (2.02*) 
Knowledge Externalisation 0.18 (1.284†) 
Knowledge Combination -0.15 (-1.01) 
Knowledge Internalisation 0.25 (3.03**) 
** Significant at 0.01 level (critical Z-value = 2.326) 
* Significant at 0.05 level (critical Z-value = 1.645) 
† Significant at 0.10 level (critical Z-value = 1.282) 
Model fit indices: χ2/df. = 1.63; CFI = 0.92; GFI = 0.91; RMSEA = 0.06 

 

4 Discussion 
 

Knowledge creation modes form a spiral in which tacit and explicit knowledge interaction 

are amplified, over time the spiral becomes larger and triggers a new spiral of knowledge 

creation. Knowledge creation starts at the individual level and then transcends throughout 

the organisation boundaries (Nonaka et al., 2000). The shifts between the different modes 

are the result of different triggers. For example, in new product development, socialisation 

is triggered by forming teams or building a field of interaction (Ba), in which experiences 

and perspectives are shared. The use of dialogue and metaphor triggers externalisation of 

tacit knowledge as members of an organization articulate their perspectives. Coordination 

and documentation of tacit knowledge trigger combinations of explicit knowledge which 

in turn can create new concepts. Members of an organization articulate and develop 

product concepts in a process of experimentation that triggers internalisation, hence, 

explicit knowledge becomes integrated into individuals’ mental models (Nonaka et al., 

1994). 

 

Socialisation  
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The innovation process commences by creating or defining problems which depend on 

tacit knowledge. As Polanyi (1967: 24) states “tacit knowledge is shown to account for a 

valid knowledge of a problem”. Hence it is critical that tacit knowledge is shared through 

socialisation to direct further development of product concepts and solutions. 

Socialisation stimulates concept sparks and facilitates their development (Schulze and 

Hoegl, 2008). Nonaka and Takeuchi (1995) reported how Japanese companies succeed in 

knowledge creation and innovation. For example, team members in Honda share their 

sparks in an informal setting which facilitate developing and articulating concepts.  

 

Tacit knowledge sharing also includes sharing of architectural knowledge, which “tends 

to be embedded in the tacit knowledge of the organisation” (Henderson, 1991: 44). 

Findings of this study show that sharing of architectural knowledge is vital for developing 

architectural innovation, given the fact that architectural innovation depends on 

configuration and integration of components. As a result, socialisation is considered a 

tool to facilitate architectural innovation development. This is in line with previous 

research of Schulze and Hoegl (2006, 2008), who empirically proved that socialisation 

positively affects new product success and promotes the generation of novel ideas. 

 

Socialisation helps create a shared space where individuals from various functional units 

in the organisation (with a variety of knowledge and expertise), develop a common base 

of understanding, and share each other’s thinking processes (Nonaka, 1994). Team 

members with various skills and knowledge are in a better position to develop innovative 

ideas through informal interaction, because the socialisation mode usually starts within a 

field of interaction (Nonaka, 1994). In this field of interaction (which may be any setting 
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such as teams or apprenticeships) individuals gain a great understanding of others’ 

perspectives about concepts for new products. Socialisation in the early stages of product 

development is essential for idea generation as it facilitates sharing experiential 

knowledge assets (Kogut and Zander, 1992, Nonaka and Takeuchi, 1995, Lee and Choi, 

2003, Schulze and Hoegl, 2006). Thereby, they can envision product ideas that differ 

from existing product characteristics. 

 

Externalisation 
 

Externalisation’s positive effect on architectural innovation was partially supported by 

the results of this study. Externalisation includes articulation of tacit knowledge using 

techniques to turn it into explicit knowledge, such as words, concepts, metaphors, 

analogies, and dialogue. Another important part of externalisation is the translation of 

customers’ tacit knowledge into explicit knowledge which is easy to understand (Nonaka 

and Konno, 2005). Externalisation includes creative inference or what is called 

“abductive thinking”; which is using metaphors in dialogue in order to create concepts 

concerning innovative products. Externalisation needs a shared space of “dialoguing Ba” 

to facilitate interaction, dialogue, and conceptualisation. Subsequently, the articulated 

knowledge is brought back to each individual and self-reflection takes place. The 

outcomes of externalisation are common terms and articulated concepts generated from 

each individual’s mental models and skills (Nonaka et al., 2000).  

 

Acquired tacit knowledge from the socialisation process is of little use unless externalised 

and formed into a concept or a prototype. “Exposure to diverse ideas during the 

externalisation phase is important, as every step in the innovation process is proposed to 
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be about someone asking about imaginary possibilities, speculating about what would 

happen if, and reflecting on yet-unrealised and perhaps unrealisable solutions” 

(Peltokorpi et al., 2007: 56). Therefore, externalisation enhances the potential of creating 

true new explicit concepts through using sequential serials of metaphor, analogy, and 

model (Nonaka et al., 1994, Nonaka and Takeuchi, 1995, Peltokorpi et al., 2007). 

Exposure to diverse ideas in the concept phase enables individuals to capture new 

architectural knowledge and articulate it into tacit knowledge to start the dialogue and 

reflection among individuals and facilitate the production of architectural innovation 

products. Individuals’ exposure to knowledge from different domains enhances creativity 

which in turn promotes strategic benefits (Lee and Choi, 2003). 

 

Schulze and Hoegl (2006) proposed a positive impact of externalisation in the new 

product development phase. As the development phase is characterised by formal 

interaction, which supports project progress by sharing a clear agenda of time allocation 

(Clark and Fujimoto, 1991). It is evidenced from the findings that articulating mental 

models, skills, and customer knowledge into explicit knowledge helps to promote 

creativity and new product development progress, which is highly important for 

producing innovative products.  

 

Combination  
 

This study shows no support that combination positively affects firms’ architectural 

innovation. The combination of explicit knowledge aims to edit and synthesise 

documented knowledge using social processes such as meetings and conversations 

(Nonaka et al., 1994). It involves acquisition and integration via collecting externalised 
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knowledge and assembling external and internal data (Nonaka et al., 2000). Sorting, 

adding, and categorising existing knowledge can lead to creating new knowledge; 

however, pure combination of explicit knowledge has drawbacks as it lacks the necessary 

dialogue with tacit knowledge. 

 

Despite the results of our analysis, a new case study shows that highly codified knowledge 

is found to foster architectural innovation (Xie et al., 2016). It is speculated that the cause 

behind failing to support combination’s positive effect on architectural innovation is 

because this study did not explicitly specify the source of combined explicit knowledge 

(distant or local). Hence, individuals surveyed in this research may have been considering 

local knowledge while ignoring valuable distant knowledge. Scanning technological and 

organisational boundaries to combine acquired distant tacit knowledge with local 

knowledge may create valuable knowledge for new innovations. Another possible 

explanation is that there can be problems when explicit knowledge is shared through 

documents rather than between people directly: the more this knowledge is combined and 

documented into product specifications, the more it may impede the ability to conceive 

innovative products. 

 

Schulze and Hoegl (2008) argued that although combination is negatively related to novel 

product ideas, it can support incremental innovations. They propose that (based on 

Henderson and Clark’s (1990) study), pure re-combination of product components leads 

to incremental innovation, and that novel ideas require organisations to create knowledge 

about alternative components. However, Henderson and Clark (1990) refer to 

“reconfiguration” from a product component perspective rather than “re-combination” 
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from a knowledge perspective. For example, if a product is composed of five components, 

reconfiguring the components will create new linkages or interface between the five 

components which will produce architectural innovation. For instance, any basic ceiling 

fan is composed of motor, blades, and control system; reconfiguring the previous 

components can create a portable fan which is considered an architectural innovation. On 

the other hand, changing the blades design is considered incremental innovation, while 

creating knowledge about alternative components is “modular innovation”. Hence, 

architectural innovation is not incremental innovation as presumed in Schulze and Hoegl 

(2008) argument. Hence their results may have been obscured.  

 

However, it is likely that in a larger sample, the positive relation postulated in this 

research may show statistical significance. We confess this is the scope of future research 

that may refute or support knowledge combination’s positive link with architectural 

innovation. 

 

Internalisation 
 

Consistent with our hypothesis, the findings from this study support a positive 

relationship between internalisation and architectural innovation of firms. Tacit and 

explicit knowledge are complementary, and the conversion process of explicit into tacit 

knowledge by practising is similar to learning by doing (Nonaka et al., 1994). Thus 

internalisation relies on two dimensions; embodying tacit knowledge into practice and 

action, and the availability of a process for practice and simulation to trigger learning by 

doing (Leonard, 1998, Helfat and Raubitschek, 2000, Nonaka and Konno, 2005). 
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Internalisation has received mixed empirical evidence from different researchers. For 

example, Schulze and Hoegl (2006) argued that it negatively affects new product success, 

especially in the development phase. Their argument is that internalisation is 

counterproductive in the technical development phase, because in this knowledge 

creation mode, individuals try to gain an understanding of the product in an effort to 

embody explicit knowledge gained, into action and practice. Hence, team members 

working on developing a product concept will be very unlikely to proceed in the NPD 

without jeopardising efficiency in terms of the budget and time schedule. However, 

knowledge application is probably more efficient and effective than internalisation in the 

technical development phase.   

 

However, the previous argument overlooks the fact that internalisation is effective in 

simulation, experimentation, and facilitating prototyping (Nonaka et al., 2000) which can 

speed up the engineering process and enable early detection of problems, which is better 

than discovering problems downstream (Clark and Fujimoto, 1991). Building and testing 

prototypes represent an important phase in new product development that can be 

facilitated through internalisation.  

 

Furthermore, according to the conceptual model of technological change, the emergence 

of a new technology is a period of great confusion. In this period there are a lot of 

experimentations with reconfiguring the major subsystems (i.e., creating new interfaces 

and different possible outcomes using the same components or subsystems) (Henderson 

and Clark, 1990). Thus, the findings of this study support internalisation role in helping 

individuals to experiment with subsystems and components in order to create a new 
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architectural knowledge aiming towards creating architectural innovation. In this sense, 

this research provides necessary empirical evidence for the conceptual research of many 

scholars (e.g., Henderson and Clark, 1990, Monteverde, 1995, Brown and Eisenhardt, 

1997, Leonard, 1998, Hatten and Rosenthal, 2000, Helfat and Raubitschek, 2000, Koberg 

et al., 2003).  

 

Although Schulze and Hoegl in their 2006 paper argued that internalisation has a negative 

effect on new product development success in both the concept as well as the 

development phase, in 2008 they found that internalisation actually has a positive effect 

on generating novel product ideas. They argue that absorbing explicit knowledge to create 

tacit knowledge enables imagining the product in use and a sensing of user problems and 

how they can be solved by technology. This embodied tacit knowledge relies on 

professional know-how, and it is gained through experience as well as experiment. In 

addition, experiment helps to imagine and create products useful to customers. For 

example, if technical people are asked to develop a “useful product”, this would not be a 

helpful guideline for them. However experimenting with existing products and their use 

provides insights into the technologies used so they can be improved to overcome their 

limitations (Dougherty, 1992, Hargadon and Sutton, 1997). Furthermore, experimenting 

enhances the potential of creating innovative products. Henderson and Clark (1990) point 

out that the period of technological or scientific breakthrough is a highly uncertain period, 

in which competing designs are produced based on experimenting with the components 

and their configuration. Hence, experimenting helps to envision new linkages between 

components which can ultimately produce architectural innovations. Our finding from 

the current study supports Schulze and Hoegl (2008) and extends the literature by giving 



Citation: Azzam, A., He, Q., & Sarpong, D. (2019). The role of knowledge creation modes in 
architectural innovation. Strategic Change, In press. 

empirical evidence of the importance of internalisation on the capability to produce 

architectural innovations. 

 

Summary of findings 
 

Previous empirical studies yielded contradicting results regarding knowledge creation 

(Schulze and Hoegl, 2006, 2008, Lee and Choi, 2003); hence, there is a great need to 

examine Nonaka’s (1994) knowledge creation model in different empirical contexts to 

gain further insights on knowledge creation. Our study shows that knowledge creation 

modes are essential for innovation. The survey results particularly supported Nonaka’s 

(1994) model of knowledge creation and extended this theoretical model by investigating 

their interaction with architectural innovation. 

 

This study confirmed the knowledge creation model, and supported the positive effect of 

knowledge creation modes (namely socialisation, externalisation, and internalisation) on 

driving architectural innovation of firms. Socialisation is needed to facilitate sharing tacit 

knowledge which is embedded in individuals’ mental models and is hard to be articulated 

without direct investigation or interaction. Applying socialisation is deemed to create an 

environment in which individuals are able to exchange important tacit knowledge, which 

is the first step in building an environment for learning. This environment triggers sharing 

tacit knowledge (e.g., architectural knowledge), which promotes architectural innovation. 

Externalisation is necessary to convert tacit knowledge into explicit knowledge, which is 

transferable and can be shared to create a common mental model, thereby promoting 

practices of reflection and interaction. This research found that this practice of reflection 

promotes architectural innovation capability through formal and informal exchanges of 

knowledge about new product properties and ideas. 
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Although the knowledge combination effect on architectural innovation capability was 

not supported in this research, innovation in general (especially process innovation), 

requires aggregating explicit knowledge, using both formal and informal ways. 

Aggregating knowledge through meetings, networking, and conversation solidifies ideas 

through integrating explicit knowledge with existing knowledge. This step might not 

generate new knowledge, per se, but it helps to audit what any firm has in terms of its 

knowledge. Finally, knowledge internalisation was found to have the most influential role 

in leveraging architectural innovation. Embedding knowledge in mental models of 

technical know-how enables individuals to reflect on this knowledge and to be familiar 

with each other’s mental models. This makes individuals working on developing new 

products familiar with each other’s knowledge, so they will be able to leverage each 

other’s knowledge and envision new tacit knowledge to create innovative ideas.  

 

5 Conclusion and Implications 
 

Previous research on the field of knowledge management investigated different aspects 

of knowledge, in different contexts (organisational or individual), and different areas of 

knowledge management; such as, knowledge creation (Nonaka, 1994), knowledge 

sharing (Ritala et al., 2015), and knowledge application (Song et al., 2005). This research 

examines how knowledge creation at the organisational level contributes to architectural 

innovation. This research contributes to the theory of knowledge creation by providing 

necessary empirical evidence for Nonaka’s (1994) knowledge creation model, in 

recognition that limited previous empirical research has been conducted and that 
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contradictory empirical results can be found in previous studies (e.g., Schulze and Hoegl, 

2006, 2008, Lee and Choi, 2003). 

 
 
This study has important managerial implications derived from the findings. First of all, 

project managers and product development team members have to continuously examine 

their knowledge base. Relevant prior knowledge enhances the organisation’s ability to 

evaluate the relevance and value of external knowledge, which affects the decision to 

acquire new knowledge. As identified from the empirical analysis carried out, 

socialisation is a key to new product development, for example, in the concept phase 

managers and team members can add value by informally interacting within and beyond 

their organisation. In addition, managers can gather information from new product 

development teams, engaging in inter-firm social information collection (informal 

meeting with external experts and competitors), engaging in intra-firm social information 

collection, and by creating a learning environment where craftsmanship and expertise are 

shared and welcomed.  

 

Furthermore, externalisation is necessary to articulate knowledge gained in the 

socialisation process, efforts to facilitate dialogue and metaphors should be endeavoured 

by managers to enhance concept creation. Any externalised knowledge should be 

combined with existing knowledge, as synthesising knowledge facilitates integrating it 

into current knowledge system. This requires managerial efforts to combine external and 

internal knowledge and gathering technical knowledge and information, in addition, 

managers should arrange knowledge dissemination platforms such as presentations to 

share new knowledge. Internalisation enables individuals to absorb and embody 

accumulated know-how. For example, a product concept has to be actualised through 
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practice for learning to take place. Internalisation can be achieved by cross-functional 

development teams and overlapping product development, and through simulation and 

experimentation. The previous managerial implications highlight practical routines to 

manage the dynamic process of knowledge creation which needs to become a discipline 

for individuals, how they think, act, and how they solve problems. 

 

This study has limitations which deserve further research in the future. First, a cross-

sectional survey conducted in this study provides a snapshot of how knowledge creation 

modes affect firms’ architectural innovation. Future in-depth case studies are needed to 

investigate the dynamics of knowledge creation and the evolving architectural innovation 

capability of firms. Second, this paper uses Structural Equation Modelling to test the data, 

despite following a robust analytical process, future research could cross-validate the 

study by using alternative analytical methods, such as multiple regression, and testing the 

theoretical model with other independent samples. Finally, findings based on the sample 

of UK manufacturing companies may not be generalizable to firms in other sectors or in 

other countries. Future research is needed to generate evidence from a wider range of 

sectors and geographical areas.  
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