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A B S T R A C T   

Research on technology commercialisation and science–industry interactions overlooks the specificity of con
nections between science and traditional low- and medium-technology (TLMT) industries. The few studies on 
science-based innovation in TLMT industries focus on barriers to investing, accessing, and creating value from 
science. This is problematic as TLMT industries exhibit different innovation patterns compared to high-tech and 
science-based industries. Therefore, we focus on the patterns arising from technology commercialisation pro
cesses utilised by TLMT firms to create value from scientific knowledge and technology. We used a qualitative 
multiple case study design and identified four types of commercialisation patterns in TLMT industries: scienti
fication, optimising nature, orchestration, and technification. Our typology contributes to research in traditional 
industries and technology commercialisation by demonstrating firms' commercialisation patterns and the diverse 
ways in which they capture value within TLMT industries.   

1. Introduction 

Scientific knowledge plays an important role in various industries as 
a source of innovation. However, scientific knowledge alone is insuffi
cient to spur innovation without the presence of complementary com
mercialisation strategies (Min et al., 2019; Stokes, 1997). 
Commercialisation brings scientific knowledge and technologies into 
the market through new and improved products and services (Kirch
berger and Pohl, 2016). This commercialisation process often requires 
collaboration between research organisations and firms to leverage the 
technical and market knowledge within these organisations (Clayton 
et al., 2018). Understanding the interplay between science-industry 
collaboration, technology characteristics, different actors, and firm 
characteristics becomes the focus of commercialisation studies (Haessler 
et al., 2022; Maietta, 2015; Perkmann et al., 2021). 

Despite the importance of the commercialisation process in suc
cessful exploitation of scientific knowledge, literature is mainly focused 
around high-technology industries (McKelvey and Ljungberg, 2017). 
High-technology industries are characterised by the volatile environ
ments they operate in and their emphasis on fast-paced proliferation of 
technology, making them prime subjects of research (Chesbrough and 
Crowther, 2006; Teece et al., 1997; Qingzhi et al., 2018). While high- 

technology industries attract a lot of attention, traditional industries 
are often the backbone of economies in developed countries (Hirsch- 
Kreinsen, 2015a). However, these industries are largely neglected in 
academic studies of technology commercialisation and when setting 
public policies to stimulate innovation (McKelvey and Ljungberg, 2017). 
This study examines the technology commercialisation process in 
traditional low- and medium-technology (TLMT) industries to under
stand the commercialisation patterns arising from the transfer of tech
nology from research organisations to commercial, TLMT firms. 

We adopt a business model perspective (Foss and Saebi, 2018; Zott 
et al., 2011) to examine our research question. Specifically, we use this 
perspective to frame the value creation, delivery and capture mecha
nisms, and outcomes that occur in a firm's commercialisation of different 
technologies. TLMT firms' heavy reliance on innovation sources within 
their network increases the ‘lock-in effect’ and impacts their architec
ture of value creation and delivery (Kapoor and Teece, 2021; Sydow 
et al., 2009; Zott and Amit, 2010). The business model perspective links 
the creation and delivery activities within a firm, asserting that a firm 
would need to mobilise other related activities in its business model to 
appropriate value from the resulting innovation (Zott et al., 2011). 
Given the contextual differences between TLMT and high-tech firms 
(Hirsch-Kreinsen, 2015b), the business model used by TLMT firms to 
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govern value creation and delivery is probably different from that in 
high-tech industries. 

Commercialisation in TLMT firms is not a simple process and often 
leads to outcomes beyond patents, licencing, and spin-offs (Haessler 
et al., 2022; Min et al., 2019). Moreover, existing literature mostly 
covers high-technology industries (Hirsch-Kreinsen, 2015a; Robertson 
et al., 2009). Hence, this study contributes to the technology commer
cialisation literature (Haessler et al., 2022; Arora et al., 2016). We do 
this by combining commercialisation and business model perspectives to 
identify novel patterns for translating and transforming scientific 
knowledge into innovation outcomes for market applications in TLMT 
sectors. Doing so, we explain how TLMT firms organise and mobilise 
internal resources and capabilities to commercialise scientific knowl
edge (Zott et al., 2011). Furthermore, we also enrich the extant literature 
on innovation management, arguing that the determinants, methods, 
and processes of TLMT firms used to create and capture value are vastly 
different from those in high-technology firms (Heidenreich, 2009; Her
vas-Oliver et al., 2011; Hervas-Oliver et al., 2012; Maietta, 2015). 

2. Literature review 

2.1. Background on traditional industries 

Science has been a significant contributor of knowledge and inno
vation used in TLMT industries (Cohen et al., 2002; Hirsch-Kreinsen, 
2015a; McKelvey and Ljungberg, 2017). Innovation activities and in
dustry interactions with science are, on many dimensions, quite 
different depending on whether they are high- or low-technology in
dustries (Heidenreich, 2009; Hervas-Oliver et al., 2011; Hervas-Oliver 
et al., 2012; Hirsch-Kreinsen, 2008; Maietta, 2015). High-technology 
industries' research and development (R&D) activities have long been 
linked to innovation performance (Castellani et al., 2019). However, the 
role of R&D is less prominent in low- and medium-technology sectors 
(Castellani et al., 2019; Zouaghi et al., 2018). 

The TLMT industry is typically at the mature stage of the industry life 
cycle (Klepper, 1997; McKelvey and Ljungberg, 2017) and reflects a 
relatively low R&D intensity (Galindo-Rueda and Verger, 2016; Orga
nisation for Economic Co-operation and Development (OECD), 2005). It 
typically engages in incremental innovation and adoption (Klepper, 
1997; Trott and Simms, 2017; von Tunzelmann and Acha, 2006). The 
terms ‘LMT’ (low- and medium-technology) and ‘traditional’ industries 
are used interchangeably in innovation literature. For example, Molina- 
Morales and Expósito-Langa (2012) describe the Spanish textile industry 
as traditional with low-tech manufacturing and R&D, while Beerepoot 
(2008) refers to the Philippine furniture industry as ‘traditional, low- 
technology’. Similarly, McKelvey and Ljungberg (2017) describe Swe
den's food industry as a traditional industry characterised by low- 
technology research activities. Following Hirsch-Kreinsen (2008, 
2015a), in this study, a traditional industry is defined as an industry 
within the scope of LMT classification according to the OECD, hereafter 
referred to as traditional LMT (TLMT) industries. 

Thus, both in academic literature and policy, TLMT industries have 
often been side-lined, focusing mainly on the more fashionable high- 
technology industries (Heidenreich, 2009; Hirsch-Kreinsen, 2008; Rob
ertson et al., 2009). Alongside economic impact, recent research has 
acknowledged growth, productivity, and employment from traditional 
industries (Hirsch-Kreinsen, 2008, 2015a). For example, across Europe, 
almost two-thirds of all employees in manufacturing are employed in the 
TLMT sector (Heidenreich, 2009; Hirsch-Kreinsen, 2008). However, 
business research tends to focus on the shortcomings of TLMT industries, 
including the lack of resources to engage in sophisticated and costly 
R&D initiatives (Hervas-Oliver et al., 2011; Hervas-Oliver et al., 2012; 
Santamaría et al., 2009), high dependency on accessing innovation 
outside the firm (Laforet, 2008; Spithoven et al., 2011), and the lack of 
sufficient absorptive capacity (Gassmann, 2006; Hervas-Oliver et al., 
2012). 

2.2. Defining (technology) commercialisation 

Scientific knowledge contributes to key technological advancements 
in many industries (Cohen et al., 2002; Jensen et al., 2007). Scientific 
output development primarily occurs in industrial R&D laboratories and 
knowledge institutions such as universities and research institutes 
(Goduscheit and Knudsen, 2015; Jensen et al., 2007). According to 
Stokes (1997), basic scientific knowledge has no immediate application 
in the market. Thus, commercialisation or technology transfer studies 
aim to understand and prescribe processes, mechanisms, and methods 
for converting scientific knowledge into commercially viable IP (Perk
mann et al., 2021; Teece, 2007). The concepts of commercialisation and 
technology transfer have a long, cross-disciplinary research history, 
often being used interchangeably in literature (Kirchberger and Pohl, 
2016). Contemporary researchers are mostly in agreement that the 
concepts of commercialisation and technology transfer are describing 
the same process (Perkmann et al., 2013). Hence, in this paper, we will 
be using these two terms interchangeably. 

Research in commercialisation can be broadly categorised into two 
views: science- and technology-views. Studies taking the science-view 
focus on universities and public research institutes' process of bringing 
patentable scientific knowledge and technology to market (Perkmann 
et al., 2013). This process normally takes the form of licencing, patents 
and university spin-offs (Fini et al., 2018; Kolb and Wagner, 2018). On 
the other hand, studies taking the technology-view focus on the process 
of transferring and applying technology by a recipient organisation into 
market-ready products (Kirchberger and Pohl, 2016). The technology, 
rather than the developers of scientific knowledge, is the subject of in
terest for researchers taking the technology-view of commercialisation. 
Taking these two views into account, in this paper, we align our work 
with Kirchberger and Pohl's (2016) definition of commercialisation as the 
process of transferring technology, and the knowledge embodied in it, from a 
university or research institute to an organisation that is converting the 
technology into marketable products. 

Technology commercialisation literature focuses on the technology 
characteristics, collaborative arrangements, and actors in the transfer 
process. In their review of technology commercialisation literature, 
Haessler et al. (2022) conclude that technological heterogeneity and 
application affect an organisation's commercialisation process. Scholars 
have also suggested that actors' (or firms') heterogeneity affects collab
orative arrangements and commercialisation activities, including the 
value these activities create for the organisation (Chesbrough and 
Rosenbloom, 2002; Ankrah and Al-Tabbaa, 2015; Grimpe and Hus
singer, 2013; Min et al., 2019). Relatedly, Clayton et al. (2018) show 
that organisations' ability to source scientific knowledge from knowl
edge institutions, including the role of intermediaries such as incubators 
and licencing offices, impacts successful technology commercialisation. 
Such commercialisation literature establishes conceptual and empirical 
links between commercialisation performance and three key factors – 
technology characteristics, firm heterogeneity, and collaboration among 
knowledge institutions and firms (Kirchberger and Pohl, 2016). Impor
tantly, this study builds on earlier technology commercialisation liter
ature by emphasising the patterns of value creation and capture from 
technology transfer within the TLMT context. 

2.3. Technology commercialisation patterns in TLMT 

Commercialisation scholars have established important relationships 
between technology characteristics, the contributions of different ac
tors, specific firm characteristics, and science-industry collaboration 
with commercialisation success (Haessler et al., 2022; Kirchberger and 
Pohl, 2016). Despite these important links, there is still a lack of research 
that examines the receiving firms' patterns of converting scientific 
knowledge and technology into marketable products (Haessler et al., 
2022). Importantly, most studies do not explicitly differentiate between 
industries with varying R&D intensities (Maietta, 2015). As Grimpe and 
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Sofka (2009) show, high-tech industries exhibit knowledge search pat
terns distinct from those of low- and medium-tech industries. They posit 
that TLMT industries search for knowledge from competitors and cus
tomers, rather than knowledge institutions such as universities, because 
of the familiarity of the former knowledge sources to TLMT firms. 
Similarly, Laursen and Salter (2004) find that R&D intensity affects a 
firm's search for knowledge among knowledge institutions. They argue 
that firms with low R&D intensity interact indirectly with knowledge 
institutions. 

As Laursen and Salter (2004) and Grimpe and Sofka (2009) suggest, 
TLMT firms are least likely to search for knowledge from knowledge 
institutions due to their lack of absorptive capacity. However, this is not 
always true. Further work on the science–industry collaboration prac
tices of TLMT industries shows that some of these industries work closely 
with knowledge institutions for innovation. Maietta (2015) shows that 
TLMT firms often collaborate directly with knowledge institutions to 
create process and product innovation. An explanation could be derived 
from McKelvey and Ljungberg (2017), where they posit that policy
makers need more insight into commercialisation patterns to understand 
the role of public policy in stimulating innovation in TLMT industries. 
Further, they suggest that TLMT industries have been neglected in prior 
research owing to their different innovation patterns compared to high- 
technology- and science-based industries. Hence, if science–industry 
collaboration between TLMT industries and knowledge institutions is 
direct, we question whether novel commercialisation patterns for value 
creation and capture could emerge within these collaborative 
arrangements. 

2.4. Value creation and capture from technology commercialisation 

Technology characteristics not only affect the commercialisation 
activities of a firm but also the value that is being created. A firm 
engaging in commercialisation activities create value through utilising 
and applying a technology developed by knowledge institutions into a 
product for the market (Haessler et al., 2022). The different technologies 
that a firm accesses and implements determine the value that is being 
created (Kapoor and Teece, 2021). However, the commercialisation 
process is focused on more than just value creation. The ways in which 
firms are able to appropriate the created value are also important. 
Therefore, we use a business model lens to frame the value creation, 
delivery and capture mechanisms and outcomes that occur in a firm's 
commercialisation of different technologies. A firm's business model 
outlines the links between activities related to value creation, delivery, 
and appropriation (Foss and Saebi, 2018). This lens is useful here 
because it includes a myriad of value creation and capture activities such 
as segmenting the market, crafting a value proposition for the segments, 
designing and implementing appropriability regimes for value capture, 
and implementing isolating mechanisms (Teece, 2010). 

We believe that value creation happens when a firm combines 
different knowledge components it holds to create outputs that cus
tomers find useful (Bowman and Ambrosini, 2000). This can take the 
form of new products, services, or processes (Chesbrough and Rose
nbloom, 2002; Howells, 1996; Teece, 2010). However, within a com
mercialisation context, firms need to combine knowledge from external 
sources. The need to transfer external knowledge requires specific value 
delivery mechanisms, as value creation is more than just converting in
ternal knowledge but comprises the activities of knowledge transfer and 
integration (Baden-Fuller and Haefliger, 2013). More often than not, 
value is created collaboratively with other firms and knowledge in
stitutions, which forms the firm's value proposition (Ooi and Husted, 
2021; Saebi and Foss, 2015). After value is successfully (co-) created and 
transferred (and integrated) by the focal firm and converted into out
puts, the next step is the implementation of appropriability mechanisms 
for value capture. This is when the firm sells the output and gains reve
nues from it (Bowman and Ambrosini, 2000). For instance, introducing a 
new product into the market or patenting and licencing a new process 

(Chesbrough and Rosenbloom, 2002; Teece, 2010). 
Collaboration is an important aspect of commercialisation within 

TLMT industries. We are interested in understanding the methods firms 
use for accessing scientific knowledge, the pathways used to create value 
from science, and the transfer mechanisms used to transfer research 
outputs. Therefore, we draw on the business model literature to frame a 
firm's commercialisation activities that enable it to create, deliver and 
capture value from scientific knowledge and technology (Chesbrough 
and Rosenbloom, 2002; Zott et al., 2011). Fig. 1 combines the key fac
tors derived from the technology commercialisation and business model 
perspectives (Mayer and Sparrowe, 2013) into an analytical framework. 

3. Methodology 

This study aims to examine the technology commercialisation pat
terns arising from the transfer of technology from research organisations 
to commercial, TLMT firms. We implemented a qualitative, theory- 
building research design (Eisenhardt and Graebner, 2007; Gioia and 
Pitre, 1990; Miles and Huberman, 1994) to develop types (Doty and 
Glick, 1994) for commercialisation in TLMT industries. We developed 
multiple case studies consistent with recommended practice (Creswell, 
2009; Eisenhardt, 1989) as it facilitates theory building (Creswell, 2009; 
Eisenhardt and Graebner, 2007; Yin, 2003), which can ultimately be 
presented through proposed categories (Doty and Glick, 1994). We use 
New Zealand TLMT industries as the context of our analysis. Although 
small on the world stage, many of New Zealand's TLMT industries are 
comparable in size and impact with those of other countries. 

Primary data were collected through semi-structured interviews 
(Roulston, 2010). Organisations and interviewees needed to meet basic 
criteria (Miles and Huberman, 1994; Patton, 2002). First, the organi
sations had to be within a TLMT industry (as defined earlier) or a science 
or technology supplier to a TLMT industry. It could be a private or public 
company; however, it was not limited to these. For example, govern
ment organisations were also approached. Maintaining broad purpose
ful criteria for the sample was important in capturing views from science 
and technology providers, alongside data collected from science and 
technology users. Second, we interviewed decision-makers and those 
responsible for R&D. The range of organisations and individuals tar
geted helped enhance the generalisability of our findings. 

Initially, a comprehensive list of TLMT industry organisations was 
created. Where possible, personal acquaintances were contacted to 
identify individuals who met the criteria (Patton, 2002). Six cases were 

Fig. 1. Analytical model combining technology commercialisation and busi
ness model perspective. 
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formerly developed for the study; however, no rule was set for the 
number of cases (Eisenhardt, 1989). Additional cases assisted in con
firming patterns, suggesting saturation (Orcher and Glendale, 2005), 
and were drawn from archival documentation. We completed a thick 
description of the cases (Patton, 2002) drawing on several data sources. 
Using multiple case studies, we built the confidence, validity, and sta
bility of our findings across cases and contexts (Elsahn et al., 2020; Miles 
and Huberman, 1994). Table 1 presents data sources and descriptive 
details of the cases. 

Semi-structured interviews were designed for capturing insights 
related to innovation and technology commercialisation activities in the 
TLMT industries. Interviews were carried out between 2013 and 2016 
under ethics approval. Questions centred on understanding each orga
nisation's background, competition and competitive advantage, knowl
edge generation and diffusion, collaboration, barriers, and policy 

implications. Prior to commencing interviews, written consent was ob
tained and confidentiality of data collected was assured. Although an
onymity was not guaranteed, care was taken to maintain anonymity 
where possible. 

Real-time observations—for example, visiting trade shows, pre
sentations, and factory tours—were recorded in our field notes. These 
observations provided contextual information on certain industries and 
organisations. Secondary data sources provided a background under
standing and context of each organisation's structure and history and 
included annual reports, books, general media, and websites. 

We conducted a within-case analysis to examine each case's dy
namics before cross-examining other cases (Miles and Huberman, 1994). 
This allowed us to compare scenarios, identify patterns, and, where 
necessary, relabel the types through an iterative procedure. Cross-case 
analysis included pattern matching to recognise the internal validity 
of each case and replication logic to identify external validity (Eisen
hardt and Graebner, 2007; Yin, 2009). Through this procedure, we could 
synthesise types representing how science and technology research is 
embodied in various TLMT industry sectors and organisations. In doing 
so, we identified examples for each type, the origin of research for each, 
who set the research agenda, and the mechanism for transferring 
research. 

To begin, we developed a conceptual matrix supporting an iterative 
procedure. At least three iterations of the matrix were independently 
conducted in isolation by two researchers. This was interspersed with 
collegial discussions to maintain a robust and unambiguous typology. 
Moreover, through this iterative procedure, we initially arrived at seven 
commercialisation pattern types. With further iterations, we eventually 
agreed on four types and their labels before populating the matrix with 
descriptions based on the within- and across-case findings (Table 2). As 
part of this iterative procedure, we requested a third researcher to 
further validate the labels for the typology. Ultimately, convergent 
concepts, patterns, differences, and similarities were identified (Miles 
and Huberman, 1994). 

4. Results 

In this section, first, we present an overview of each case, which 
draws attention to the industry/sector, the activity and innovation 
related to each case, and the science engaged with. We then elucidate 
the commercialisation pattern types derived from these cases. 

4.1. Cases 

4.1.1. Gallagher 
Gallagher has led the way in animal management since the 1920s. It 

has an approximately NZ$250 million turnover and over 1000 em
ployees. Known to have invented the electric fence, it became a world 
leader with its accessory fencing products, including portable posts, 
connectors, and reels. The business evolved into producing traceability 
products, weighing scales, and electronic identification and security 
systems. More recently, it has shifted towards more design-driven value 
creation extending beyond the functional product design, by engaging 
with design thinking practices (Johansson-Sköldberg et al., 2013) 
encouraged by a social-science-informed program, Better by Design—an 
initiative through New Zealand Trade and Enterprise (Better by Design, 
2015; DesignCo, 2017; New Zealand Government, 2015). Gallagher 
revised its design process by listening to customers, understanding 
competitors, and gathering insights informing their ideation process. 
One activity informed by this knowledge was redesigning its standard 
ring-top/pigtail posts used to guide temporary electric fences. The 
output was a well-designed alternative providing better handling, ligh
ter safety, and more durability. This incremental innovation has led 
Gallagher to redesign other products to minimise waste and redundancy. 
Gallagher's R&D team is also cognisant of the need to protect its design 
through patents and the licencing of technologies to capture value. 

Table 1 
Description of primary cases.  

Cases Descriptive 
details 

Industry Data sources 

Comvita Honey-based 
products 

Apiculture Interview, 
newspaper articles, 
media releases, 
company website 

Gallagher Animal 
management 
equipment, 
security, fuel 
systems 

General 
farming 

Interview, 
newspaper articles, 
media releases, 
company website, 
factory and R&D 
department tour 

Abodo Wood products Construction Interview, 
company 
advertising 
materials, company 
website, factory 
tour 

AgriSea Seaweed 
products 

Aquaculture Interview, 
newspaper articles, 
media releases, 
company website, 
factory tour 

Pastoral Robotics Farming robotics Robotics Interview, 
newspaper articles, 
media releases, and 
company website 

Compac Sorting 
Equipment 

Fruit and 
vegetable 
sorting 
equipment 

Engineering 
and 
manufacturing 

Interviews, 
presentation, 
newspaper articles, 
media releases, 
company website, 
factory and R&D 
department tour 

Tru-Test 
Corporation 

Animal 
management 
equipment, 
weighing scales 

General 
farming 

Interviews, 
confidential 
company 
documents, 
company website 

SPATnz Green-lip 
mussels 

Aquaculture Reports, newspaper 
articles, media 
releases, company/ 
government 
websites 

New Zealand Dairy 
Research 
Institute* 
(Cheddarmaster) 

Cheese 
processing 

Dairy Articles, media 
releases, websites, 
historical 
documents 
*Now part of 
Fonterra Co- 
operative Group 
Ltd 

ClimbMAX Timber 
harvester 

Forestry Articles, media 
releases, company/ 
government 
website  
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4.1.2. Abodo 
Abodo focuses on providing healthy, durable, and renewable timber 

products. Established in 2001, the company has a NZ$50 million turn
over. Abodo began as a pure commodity trading business originally 
specialising in trading framing lumber from New Zealand to the Pacific 
Islands and later evolved into producing solid timber and panel prod
ucts. More recently, Abodo has shifted towards using different types of 
preservatives and preservation techniques. With the growing demand 
for lower toxicity treatments in preserved wood, it has developed its own 
treatments. With continued growth, Abodo has redirected its value 
creation through designing products by engaging with the Better by 
Design programme, allowing it to gain access to education and 

mentoring (Better by Design, 2015). This refocus has led Abodo to 
restructure its business model towards a design-led innovation pro
gramme, developing a strategy focused on natural wood exteriors. It has 
outsourced the R&D required to support its patents, while maintaining 
control over the ideas and patent process. Its patented products have 
provided Abodo with a competitive advantage that has had an impact on 
end users. 

4.1.3. Comvita 
Established in 1974, Comvita concentrated on the production of 

natural honey-based products traditionally used in indigenous remedies 
and makes over NZ$170 million. With significant growth through the 

Table 2 
Firms’ commercialisation pattern types.  

Commercialisation 
patterns 

Description Source of problem and innovation Typology attributes 

Value creation (commercial 
outcome/impact) 

Value delivery (transfer) Value capture 
(appropriability) 

Scientification  • The properties of an 
existing product/ 
resource are subjected to 
scientific analysis.  

• Efficacy is sought for 
products with known 
properties that have not 
been systematically 
tested and legitimised.  

• Widespread practices (based 
on trial-and-error knowledge 
and/or cultural knowledge).  

• Scientific curiosity.  
• Indigenous knowledge (e.g. 

AgriSea, Comvita).  

• Scientific knowledge 
provides new opportunity 
sets. This includes testing, 
which leads to products fit 
for medicinal purposes or 
for consumption.  

• Value-add in final product.  
• New application and 

purposes for the product.  
• Revitalisation of complete 

industries leading to a burst 
of innovation activity.  

• Competitive advantage.  

• Push of scientific 
knowledge and IP.  

• Some research 
outcomes would be 
considered pre- 
competitive research.  

• Patents/exclusive 
licencing of 
technologies/research 
outcomes from 
universities and 
Crown Research 
Institutes. 

Optimising nature  • Improving critical parts 
of a natural process to 
better fit commercial 
needs by using scientific 
methods.  

• Balancing ongoing raw- 
material supply and/or 
environmental concerns 
with an industry’s need 
to be economical and 
productive.  

• Problem addressed by science. 
• Typically, well-known bottle

neck problems in the industry 
(e.g. SPATnz, New Zealand 
Dairy Research Institute 
[‘Cheddarmaster’]).  

• Can lead to a competitive 
advantage for the 
organisation or wider 
industry initiating 
optimisation.  

• Scalability.  
• Better quality end product.  
• Predictability.  
• Cost savings.  

• Embodied in raw 
material, plants, 
animals, bacteria, fish, 
and organisms.  

• End user will typically 
only have a non- 
exclusive right to use 
with purchase. 

Orchestration  • Research that either 
increases the use of 
waste products or shifts 
use into high value 
areas.  

• A focus on design leads 
towards aesthetic and 
functional and 
aesthetically research- 
based products.  

• Redesigning in a way that 
minimises waste or 
redundancy (anatomic or 
aesthetic design) (e.g. 
Gallagher, Abodo, Tru-Test 
Corporation).  

• Well-designed products 
underpinned by robust 
science and technology can 
lead to an organisation's 
competitive advantage.  

• Embodied in 
technology and 
solutions.  

• Patents/exclusive 
licencing of 
technologies 
orchestrated by an 
innovator. 

Technification  • Science for TLMT 
industries mediated by 
technology provider.  

• Use science and 
technology to create 
innovative opportunities 
for user organisations.  

• Science embodied in 
production/process 
technologies.  

• User organisations and 
migration of solutions from 
other industries and/or 
technology push (e.g. Compac 
Sorting Equipment, Pastoral 
Robotics, ClimbMAX).  

• Increased awareness of 
ways science and/or 
technology can lead to 
higher productivity through 
better equipment, systems, 
and processes.  

• Activities of this type 
benefit both the specialised 
supplier who will 
consolidate their 
knowledge base and acquire 
a validated specialised set of 
competencies that can be 
used to go internal with the 
technology and/or diversify 
into related markets.  

• The user organisation will 
gain innovation benefits 
either in the form of 
improved process or ability 
to extend the feature of the 
existing product range.  

• Competitive advantage.  

• Embodied in 
technology and 
solutions.  

• Science/technology 
was supplied to the 
industry. Scion (a 
Crown Research 
Institute) provides a 
service and 
consultancy to 
industry.  

• User organisations 
will typically only 
have a non-exclusive 
right to use with 
purchase.  

• Lead-time advantages.  
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1990s and more interest in honey’s medicinal properties, the company 
began formalising its processes and systems to achieve ISO 9002 certi
fication, which would align it with the requirements imposed on 
mainstream pharmaceutical manufacturing. Comvita Health Products 
utilised externally supplied science and its own R&D to create value for 
its products. The need to provide evidence of the medicinal properties 
and efficacy of its honey led it to collaborate with the University of 
Waikato that found higher levels of antibacterial activity in manuka 
than regular honey (i.e. what came to be known as ‘Unique Manuka 
Factor’ or UMF). This allowed Comvita to capture value through 
translating this science output into commercial outcomes, wherein 
manuka honey was deemed appropriate for medicinal use. A further 
affirmation that strengthened its competitive advantage originated from 
Comvita’s participation in randomised controlled trials conducted by 
the University of Auckland, which found that manuka honey compared 
favourably against other products as an application for burns, ulcers, 
and infections (Comvita, 2013; Karlson et al., 2013). Some Comvita 
products have been legitimised by receiving the UK CE mark, enabling 
products to be marketed directly to hospitals. 

4.1.4. AgriSea 
AgriSea New Zealand is at the forefront of seaweed collection and 

production in New Zealand with a NZ$3 million turnover. Founded by 
educators who learnt about the properties of seaweed after spending 
time on organic farms, AgriSea’s evolution gained momentum from 
farmers and orchardists who demanded its liquid seaweed concentrates 
for turf, pasture, soil, and foliar for horticulture and viticulture, together 
with animal health concentrates for agriculture, including dairy and 
equine. Seaweed has been used as a raw material for many years; 
however, AgriSea has led the way in creating value through conducting 
efficacy testing to legitimise seaweed as a mainstream product. AgriSea 
needed science to reinforce seaweed qualities, nutrients, and purposes 
beyond horticultural and animal products, towards approval for human 
consumption. AgriSea initially investigated seaweed supply from the 
ocean bed, which is of better quality than the seaweed harvested from 
the shoreline. In doing so, AgriSea collaborated with a marine ecologist 
to undertake a rigorous experimental process assessing the amount of 
seaweed stock available, the speed at which it grows, and the time it 
takes to regrow after each harvest. AgriSea also collaborated with a 
private research company, Cognosco, to establish long-term results 
supporting the efficacy of its products and developing its own compe
tencies and competitive advantage. Its rigorous research is motivated by 
the need to compete against the chemical sector and change people's 
perceptions of its products. 

4.1.5. Pastoral Robotics 
As a start-up, Pastoral Robotics Ltd. (PRL) has established its pres

ence in the emerging farm robotics sector. PRL identified that in the 
dairy industry, farmers sprayed entire paddocks to neutralise nitrates 
and minimise nitrate leaching. This is unnecessary and expensive as 
farmers only need to spray urine patches, which are significantly 
smaller. Recognizing this problem, PRL conducted trials at Massey 
University with a six-metre wide ‘Spikey’ unit detecting urine patches 
and administering additives for neutralising them. PRL works closely 
with an expert in agricultural additives, including urine-patch spray 
treatments formulated to be applied by Spikey (Bates et al., 2015; Pas
toral Robotics, 2020; Quin et al., 2016). A robotic system has been 
developed that detects urine patches precisely and applies products that 
control nitrate levels. This system offers significant savings for farmers, 
contributing to farming productivity with a robotised vehicle system
atically covering entire paddocks and returning to the docking station 
where it can be charged without human intervention. PRL's research 
into developing sensory detection systems, robotics, and spray applica
tions has led to a more productive farming system that can transform 
farming in the future. 

4.1.6. Compac Sorting Equipment 
Compac is a leader in manufacturing high-speed packhouse tech

nology for the production industry. Established in 1984, its revenue 
before being purchased by Tomra in 2016 (TOMRA Systems ASA, 2016) 
was close to NZ$100 million. Originally, the founder recognised the 
need to produce machines that would sort kiwifruit, and subsequently 
other fruits, efficiently and cost-effectively. The company evolved by 
engaging heavily in the R&D of its automated equipment and software, 
including detection technology (New Zealand Herald, 2013). R&D in 
Compac focuses on determining the most efficient way to sort fruits 
through a machine combining mechanical, electrical, and optical tech
nologies. It works closely with a New Zealand Crown Research Institu
te—Plant and Food Research—to develop technology that detects 
bruises on apples and establishes the firmness of fruit without any 
contact. Compac manufactures equipment that sorts round fruits and 
vegetables, engaging heavily in the R&D of its automated equipment 
and software, including detection technology. Utilising its InVision 
System, Compac focused on speed and accuracy of sorting while also 
developing important advances in detection technology (Compac 
Tomra, 2015). This system efficiently detects numerous attributes, such 
as weight, size, shape, density, and colour, which are graded through 3- 
D modeling at speed. The development of the core sorting equipment 
product has led to other technological solutions, including robotics, 
feeding, bagging and packing, and data and analytics. 

4.1.7. New Zealand Dairy Research Institute (Cheddarmaster) 
The New Zealand Dairy Research Institute (now part of Fonterra Co- 

operative Group Ltd) Dairy Factory Mechanisation Committee devel
oped and patented the Cheddarmaster to increase efficiency, reduce 
costs, and produce consistent cheeses. The Cheddarmaster initiative 
contributed to driving the industry towards automation by providing a 
continuous process consisting of a conveyor belt that allowed the 
drainage of curd and whey through to the salting, mellowing, and cut
ting stages of the cheese (Te Ara, 2021). In the 1970s, the cheese process 
was further optimised with Vatmaster designed and developed in New 
Zealand to handle larger milk volumes. The vat was fitted with me
chanical knives and paddles for cutting and stirring (Johnston et al., 
2010), and along with the Cheddarmaster system and other modifica
tions, it reportedly reduced labour in one plant from 100 to 25 em
ployees (Johnston et al., 2010; McGillivray, 1978). This exemplifies an 
industry body being proactive in optimising a natural process and 
simultaneously supporting its industry’s competitive advantage through 
automation and mechanisation tailored to the industry’s needs. 

4.1.8. SPATnz 
SPATnz is an aquaculture joint venture between the government and 

Sandford Industries under the auspices of a seven-year Primary Growth 
Partnership (PGP; Ministry of Primary Industries, 2015). This partner
ship developed a research facility to reduce the time from spawning to 
reaching harvest size by approximately 12 months (Manning, 2012), 
resulting in a controlled and sustainable future for mussel harvesting 
and supporting the industry’s need to be economical and productive. 
The innovative means of sourcing raw materials contributes towards 
balanced efficiency and sustainability and addresses a concern on fish 
stocks introduced through the Quota Management System, which 
manages more than 50 seafood species (Jeffs and Liyanage, 2005). This 
case exemplifies the significant impact a company can have on the wider 
industry in partnership with the government. 

4.1.9. ClimbMAX 
ClimbMAX International originated from a forestry joint venture 

between Future Forests Research Ltd. (now Forest Growers Research) 
and the government (Ministry of Primary Industries, 2020). From the 
partnership, steep country tree harvesting was identified as an oppor
tunity for increasing forestry worker safety and profitability. Kelly 
Logging Ltd. and Trinder Engineering Ltd. were engaged in designing 
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and building the harvesting system. Using ClimbMAX, workers using 
chainsaws were removed from the hill face and replaced with a one 
machine operator. ClimbMAX can bunch felled trees for extraction 
(ClimbMAX Equipment Ltd, 2015). Alongside the engineering of 
ClimbMAX is the development of remote-controlled machinery, 
advanced hauler vision, grapple control, and innovative yarding tech
nology. The ultimate aim is to develop teleoperated felling machines 
operating on slopes independently without exposing workers to poten
tial risks, transforming forestry in the future (Ministry of Primary In
dustries, 2020; van Rossen and Brown, 2014). 

4.1.10. Tru-Test Corporation 
Tru-Test is a New Zealand-based farming equipment manufacturer. It 

began in 1964 when John Hartstone incorporated Tru-Test to 
commercialise the milk meter he had invented a year earlier (Lomas, 
2011). Its line of farming equipment products includes animal weighing 
scales, electronic identification (EID) readers, milk meters, electric 
fences, and farm automation. At the time of data collection in 2014, Tru- 
Test had a NZ$130 million turnover. In September 2018, Tru-Test sold 
its milk meters and retail solutions business units to Datamars, a 
Switzerland-based farm management solutions firm, for NZ$147.9 
million (BusinessDesk, 2018). To compete globally with farm manage
ment competitors, Tru-Test focuses on an innovative portfolio of prod
ucts, customer-centric strategy, and lean manufacturing capabilities. 
When developing a newer version of its portable EID reader, Tru-Test 
employed a user-driven approach to product development. A market 
research company was commissioned to survey farm operators in do
mestic and international markets. The product development team also 
developed tools for engaging users during product conceptualisation 
and development, such as user personas. These user-centric activities 
aimed to design an EID reader that meets the functional and aesthetic 
needs of its customers. 

4.2. Commercialisation pattern types 

As mentioned earlier, we followed an iterative procedure to identify 
commercialisation patterns within and across the cases. Through this 
procedure, we merged convergent concepts, patterns, differences, and 
similarities and ultimately agreed on the four commercialisation pattern 
types. Thus, from our within- and across-case analysis, we categorised 
TLMT industries' commercialisation patterns into four types: scientifi
cation, optimising nature, orchestration, and technification. These types 
provide an overview of the specific features related to research within 
TLMT industries and envisage how research is embodied in these in
dustries. Table 2 presents a summary conceptual matrix of this typology. 

4.2.1. Scientification 
Scientification is sought when a raw material (e.g. seaweed or honey) 

has known properties; however, it has not been systematically tested and 
legitimised. This is aimed to bring traditional raw materials, sometimes 
with medicinal properties, into the mainstream market (World Health 
Organization, 2013). These raw materials may not be regulated or may 
lack legal frameworks governing their use and access (Bodeker and 
Kronenberg, 2002). Engaging in scientification does not necessarily 
mean a product is changed through testing. Instead, products need to be 
tested to legitimise them alongside mainstream products. Organisations 
engaging in scientification often lead producers to use raw material in 
untested products. Testing these products can lead to value creation 
through them being used for medicinal purposes or legitimised as fit for 
consumption. Firms engaging in scientification create value through the 
potential that their research could result in creating standards or influ
encing, revitalising, or refining current regulations. Scientific outputs 
for firms engaging in scientification are normally provided by univer
sities. From our cases, Comvita and AgriSea best demonstrate scientifi
cation by seeking legitimacy and efficacy for their products by engaging 
with universities to conduct research where value is delivered and 

captured to this end. 

4.2.2. Optimising nature 
Optimising nature engagement focuses on business sustainability 

through science for the long term. This can potentially set standards to 
influence the industry (Miller et al., 2014). The main motivation for 
engaging in optimising nature is balancing the ongoing raw-material 
supply and/or environmental concerns with an industry’s need to be 
economical and productive. Typically, this pattern results in the process 
innovation of a radical nature, albeit mostly incremental changes to 
products. In our cases, SPATnz and Cheddarmaster (with its various 
modifications) demonstrated vastly different processes culminating in 
value creation through optimising nature. While SPATnz established a 
mussel hatchery and lab facility to reduce time from spawning to 
reaching harvest size (Manning, 2012), the Dairy New Zealand Research 
Institute automated the traditional labour-intensive cheesemaking pro
cess. Both examples provide insight into how raw materials can be 
processed with increased efficiency and reduced cost through scientific 
discovery or technology and where value delivery and value capture can 
thrive. 

4.2.3. Orchestration 
Orchestration engagement is where firms use scientific output focused 

on designing products that are appealing and functional for the market. 
Although research may be a fundamental part of an organisation's 
product development, a focus on design leads to functional and 
aesthetically pleasing research-based products (Hoegg et al., 2010; 
Noble, 2011). Well-designed products underpinned by robust science 
and technology can lead to an organisation's competitive advantage 
(Goffin and Micheli, 2010). Firms engaging in orchestration lean to
wards social-science-informed programmes, such as design-driven 
practices underpinned by research. In our cases, Gallagher, Abodo, 
and Tru-Test demonstrated how social science can inform scientific and 
technological advancement with attention to a user-driven approach 
influencing the function, design, and aesthetics of their products. With 
the end user in mind and matched with science and technology inputs, 
their products are high performing, durable, cost-effective, and deliver a 
competitive advantage, which may have never been realised through in- 
house R&D. 

4.2.4. Technification 
Firms following technification engagement are motivated to stream

line systems and processes that support productivity and lead to inno
vation activity (Wakeman and Le, 2015). Such organisations have an 
increased awareness of how science and/or technology can lead to 
higher productivity through better equipment, systems, and processes. 
Firms engaging in technification seek to minimise labour-intensive 
practices in TLMT industries by sourcing technology from their sup
pliers (von Tunzelmann and Acha, 2006). Productivity can be increased 
by requiring less human input, creating better information flows, or 
even by minimising health and safety incidents, giving firms a further 
competitive advantage. Pastoral Robotics, Compac, and ClimbMAX 
embodied technification by engaging with science and technology 
partners to yield products that increase productivity, systems, and pro
cesses through better equipment. The equipment they produce not only 
minimises labour-intensive practices but also accounts for health and 
safety, provided that, through automation, human input is reduced. 
With technification, precision is often built to reduce the likelihood of 
human error. 

4.3. Synergy and overlaps 

Overlaps occur across the types; however, these distinctive types 
possess different overarching attributes. For example, the mechanisation 
of cheese making could be determined to be technification. However, 
the attribute driving the Cheddarmaster case is that the equipment 
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optimises a natural process in contrast to, for example, Compac, where 
the driving attribute increases productivity through sorting produce (i.e. 
not optimising a natural process). Elements of scientification through 
orchestration may be found. A relevant example would be Abodo 
lowering toxicity treatments in preserved wood as part of the orches
tration process through science. However, the social science approach 
(in this case design-led and user-driven approach) ultimately influences 
the function, design, and aesthetics of their product. 

5. Discussion 

Our typology of commercialisation patterns contributes to research 
in TLMT industries and technology commercialisation. We demonstrate 
the commercialisation patterns and diverse ways that firms apply to 
utilise and implement scientific knowledge and technology. We respond 
to the recent calls by technology commercialisation researchers to pro
vide insight into alternative patterns of commercialisation success 
beyond patenting, licencing, and spin-offs (Arora et al., 2016; Haessler 
et al., 2022; Min et al., 2019). Specifically, we build on the work of 
Kirchberger and Pohl (2016) and McKelvey and Ljungberg (2017) by 
empirically categorising the technology commercialisation patterns we 
observed in our cases to offer TLMT firms ways to inject scientific 
knowledge and technology into new processes and products with eco
nomic and societal impacts. In contrast to McKelvey and Ljungberg 
(2017), our focus is on the commercialisation patterns of TLMT in
dustries to create value rather than showing how public policy stimu
lates innovation in these industries by connecting universities and firms 
through collaboration. 

Our research shows that TLMT firms might not systematically 
develop high-tech solutions by themselves, but they often use advanced 
knowledge and technologies developed elsewhere and utilise them for 
commercial purposes (Chamberlin and Doutriaux, 2010; Hirsch-Krein
sen, 2015a; McKelvey and Ljungberg, 2017; Robertson et al., 2009). Our 
findings show that firms in TLMT industries apply four commercialisa
tion patterns to create value when commercialising scientific knowl
edge: scientification, optimising nature, orchestration, and technification. 
The commercialisation patterns are categorised based on shared attri
butes related to technology commercialisation and business model 
perspectives (Mayer and Sparrowe, 2013). From our findings, the at
tributes of these technology commercialisation patterns show glimpses 
of activities firms use to create and capture value from transferring 
scientific knowledge and technology. 

Our empirical evidence suggests that TLMT firms use not only sup
pliers as their source of innovation, but also universities (Castellani 
et al., 2019; Zouaghi et al., 2018). Furthermore, evidence shows that 
they have different innovation patterns compared to high-tech in
dustries. We offer an alternative framing of the technology commerci
alisation success through commercialisation patterns for creating and 
capturing value. For example, in the technification commercialisation 
pattern, Kelly Logging appropriates the value created by the ClimbMAX 
product through patents and spin-offs of the collaborative project into a 
separate entity. This arrangement ensures that the created value is 
protected and collaborative partners can capture value without the 
constraints of transferring the technology into Kelly Logging, which 
could result in complications of drawing up IP protection guidelines for 
all partners (Fini et al., 2018; Kolb and Wagner, 2018). In this case, the 
ClimbMAX product created value for the collaboration partners, and 
given its government funding through a Primary Growth Partnership 
(PGP), was destined to create value for the wider logging industry. 
Therefore, aspects of the value created for the logging industry, which 
aimed to increase worker safety, could be transferable to other 
industries. 

A somewhat common conundrum facing case firms is the tension 
between collaboration and IP protection. Our analysis shows that these 
firms collaborate to compensate for the lack of R&D capabilities, putting 
themselves at risk of compromising their IP. Our findings show that 

TLMT firms create value collaboratively with other firms and univer
sities. Through our four commercialisation pattern types, we further 
show that firms create value very differently from the scientific knowl
edge and technology created internally or externally depending on the 
firm's value proposition. The value proposition is the guiding principle 
in a firm's business model (Ooi and Husted, 2021; Teece, 2010). For 
example, Abodo aimed to provide healthy, durable, and renewable 
timber products using various preservatives and develop their own 
treatments. The scientific outputs utilised from an external source were 
social-science-informed design, which influenced their focus on natural 
products and aesthetics. 

Furthermore, Comvita’s value proposition provides science-based 
manuka honey products. Comvita’s use of the UMF standards results 
in significant value being created through medicinal manuka honey 
products. Another example is SPATnz and its government-linked joint 
venture, wherein value proposition focuses on providing a sustainable 
supply of green-lipped mussels by optimising the breeding, harvesting, 
and delivery of mussels. As demonstrated, having a targeted value 
proposition is the first step in guiding the value-creation element of the 
business model (Zott and Amit, 2010). The proposed technology com
mercialisation patterns were delineated based on this. 

Moreover, value creation and capture are crucial in innovation 
management (Teece, 2010). For each of the proposed technology com
mercialisation patterns, an appropriate business model architecture is 
evaluated on a case-by-case basis. For example, the value a firm wants to 
create would also impact external sources, wherein technology and 
knowledge are sought to generate the necessary innovative outcomes 
(Howells, 1996). The business model architecture is required to 
accommodate the needs of stakeholders while satisfying the firm's 
needs. In some instances, the solution could be that value propositions 
align with existing interventions—government led or otherwise (e.g. the 
ClimbMAX case)—or delivering value to customers through strategic 
partnerships, such as university–industry joint ventures (e.g. the Com
vita case). 

Unsurprisingly, competitive advantage features across the types of 
commercialisation patterns, confirming that the configuration of a firm's 
commercialisation activities can strengthen their competitive advantage 
(Kapoor and Teece, 2021; Zott et al., 2011). Moreover, radical innova
tion can occur focused on creating and capturing value from internal 
R&D and external research outputs in industries typically known for 
their lack of absorptive capacity (Gassmann, 2006; Hervas-Oliver et al., 
2012). Through our examples, we observed a move towards increased 
inbound innovation by engaging in research patterns generated through 
various publicly and privately funded science providers (Spithoven 
et al., 2011). Particularly, we found that universities are significant 
science providers, reflecting the shift from being ‘knowledge accumu
lators’ to being an active intermediary and ‘knowledge hub’ (Perkmann 
et al., 2013). 

Combined, the four commercialisation patterns and their attributes 
largely reflect the value architecture (i.e. business model) applied by 
firms in TLMT industries to create, deliver, and capture value from 
scientific outputs. Generating innovative outcomes from scientific 
knowledge and technology requires firms to design this architecture 
relative to their resources and stakeholders, technology transfer mech
anisms, and the appropriability regime for capturing value (Chamberlin 
and Doutriaux, 2010; Saebi and Foss, 2015; Teece, 2010). The four 
commercialisation pattern types show that commercialising scientific 
outputs requires access and usage of resources held by various stake
holders. In some cases, value co-creation occurs when the firm works 
collaboratively with universities and suppliers of resources to innovate 
or to implement social science, as in the Gallagher and Abodo cases 
where they engaged in design thinking practices facilitated by a 
government-led design initiative (Better by Design, 2015; DesignCo, 
2017). 

This study is based on a limited number of cases functioning in the 
same country. As this is a single-country study, an effect on the 
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generalisability of the findings is possible. Further cases from other 
countries and regions are needed to support the proposed technology 
commercialisation patterns and business model architecture. Moreover, 
as with this study, future research could pursue diverse TLMT industry 
sectors that may be emerging or are close to mainstream examples. 
Despite these limitations, this study may help academics and practi
tioners better understand technology commercialisation patterns for 
firms operating in TLMT industries, providing insights into the firm's 
technology transfer, value creation, and appropriation activities. 

6. Conclusion 

Overall, our findings support ways wherein TLMT industries conduct 
technology commercialisation activities. This study contributes to the 
technology commercialisation literature significantly by providing an 
alternative framing of commercialisation success. Combining technol
ogy commercialisation and the business model perspective, we demon
strate that firms in TLMT industries apply four commercialisation 
patterns for accessing and (co-)creating innovations using resources held 
by various stakeholders. Most significantly, we also contribute to the 
innovation management literature by proposing that these commerci
alisation patterns form part of a firm's value architecture. Implications 
for practice are that TLMT firms should adopt scientification, optimising 
nature, orchestration, and technification during commercialisation. 
Scientification is particularly relevant when seeking to legitimise 
products by creating standards or influencing, revitalising, or refining 
current regulations to promote efficacy. Optimising nature is appro
priate when a natural process is inefficient or uneconomical, and sci
entific discovery or technology can assist in productivity. Orchestration 
is useful when addressing user concerns by gathering insights to address 
products' functionality, design, and aesthetics through science and 
technology inputs. Technification is used when streamlining systems 
and processes to support productivity with science and/or technology, 
such as equipment, to minimise human input, create better information 
flows, or even limit health and safety incidents. These distinctive com
mercialisation patterns are not limited to incremental or processual 
innovation. However, these can drive radical innovation. Ultimately, the 
commercialisation pattern types serve to create, deliver, and capture 
values supporting an organisation's competitive advantage. 
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