1. Introduction
TS decisions is one of the biggest challenges facing organisations and IT executives carrying out product innovations. Strategy looks to answer the question of why some companies have a greater competitive advantage and outperform the others. Management scholars have used different concepts like the resource-based view, organisational capability theories, opportunity-based views, actor-network theories, knowledge-based views, and many others to address this issue. Despite these various studies, very few of these models have directly addressed the use of technology to create and capture value which is at the heart of strategy (Furr,2021). Due to the rise in technological changes, firms are therefore under increased pressure to meet complexities in customer needs, resource challenges and high expectation on quality (Helm et al. 2019). Technology strategy therefore enables the organisation to gain competitive advantages by driving technological innovations to meet these demands (Lopez-Vega and Tell, 2021). 
Product innovation is vital for the future growth of organisations and for them to remain competitive. However, only a few firms have shown this ability to progressively innovate their product base especially when it comes to market changing innovations (Winby and Worley, 2014 cited by Brand et al. (2021). One of the possible challenges with product innovation is deciding on what approach to take. Product exploitation and exploration approaches are therefore considered the key driving forces in innovation literature and allow the company to gain competitive advantage (March 1991 cited by Kahn & Candi, 2021)
Digital technologies like artificial learning (AI), machine learning (ML), cloud computing, data analytics and the internet of things (IOT) are also playing an increasing role allowing organisations to innovate and scale up faster at less costs (Pesch et al., 2021). With the changes in the digital economy firms are facing challenges brought about by more transparency in innovation of technologies (Li, Zhang et al. 2021) and increase speed, product innovation, technology usage, quality, and price (Azeem et al. 2021)
A review of the literature also indicates that human factors like organisational culture, senior management support, and communication and team composition are significant factors which influence product development performance (Brown and Eisenhardt, 1995, cited by Marion & Fixson, 2021).
Several studies have investigated the influence of information technology strategy (ITS) on organisational performance, business strategy alignment, product innovation, IT investment decision making (Stanislav and Richard, 2021; Elham, S. 2018; Street et al., 2018, Queiroz, M. et al., 2020; Mamonov and Peterson, 2021).  However, despite the significance of ITS, research in the area for UK telecoms & banking industry compared to other industries and disciplines still needs further investigation
This research is therefore designed to investigate the technology strategies used by UK IT middle managers in the telecommunications industry and the implications it has for product innovations to address the gap in the literature. To answer the question, the research will focus on measuring various technology strategy and product innovation items with the test of hypotheses to understand the influence of technology strategy and socio-technical factors of management support and resource-based dynamic capabilities. 


Problem Statement
The implementation of new technology has always been a challenge for IT executives over the last decades with research indicating that 25 to 40 percent of these programs exceed their budgets and timelines despite the number of new digital practices and technologies that have emerged over the past few years (Mckinsey November 2020 by Katya Defossez, Mark McMillian and Hrishika Vuppala, Managing large technology programs in the digital Era). 
According to CHAOS report (2015) published by the Standish Group (2015) and cited by Elham, S. (2020) 19% of projects were cancelled before reaching completion, 52% were completed but failed to meet their budgets, time, and deliver satisfactory results with only a handful of 29% projects succeeding. In another published research by project management institute (PMI) in, 2018, it was identified that 43% of projects over ran their budget with 48% of projects failing to meet completion deadlines and another 31% of these projects deviating from original goals. Over the last few years, the alignment between business and IT project strategy has been considered one of the major challenges for IT business executives.
Despite the impact of technology strategy on organisational competitive advantage only a relatively handful of studies have specifically explored how technology strategy impacts the implementation of large-scale projects and product innovation (Elham, 2018; Queiroz et al 2020; Ravinchandran et al 2017a /2017b; Manomov & Peterson, 2021; Chen et al. 2021, and few others). Most of the research has focused on the influence of technology strategy with other business dimensions to examine project success, product innovation, company performance and investment decisions. What remains to be explored, is the influence of technology strategy using a combination of the resource-based theory on product innovation within the UK telecommunications setting. 
To fill the gap in the literature, the proposed research will therefore aim at exploring the impact of TS strategies used by UK IT middle managers and its implications for product innovation with the objectives of 1) To undertake an extensive literature review on the IT technology strategies used within the UK telecoms industry, 2) identify and evaluate the factors affecting these strategies and 3) develop recommendations for the application of these strategies.
The rest of the paper is structured as follow. Section 2 provides a review of the theoretical background and literature review of the framework. Section 3 presents the development of the hypotheses. Section 4 describes the research methods and section 5 presents the findings. Section 6 elaborates on the discussions and conceptual underpinnings. Section 7 discusses practical implications of technology strategy with some limitations to of the study and future directions. Section 8 the conclusion and finally, the appendix guide containing other useful information like the questionnaire used for the study. 




2. Theoretical background and Literature Review
Introduction
This section introduces the concept of technology strategy and some of the underlying conceptual frameworks driving technology strategy. 
2.1 Conceptual Framework 
2.1. Resource Based Theory (RBT)
The RBT of the firm had made major contributions to strategy over decades (Furr and Eisenhardt, 2021) and postulates that firms which own strategic resources and capabilities tend to have a sustainable competitive advantage over rivals through the acquisition of and control of its “unique” resources and capabilities (Madhavi et., al, 2020) making it difficult for competitors to try and imitate or copy these resources (Barney, 1991 cited by Lopez-Vega & Tell, 2021). On other hand Madhavi et., al, (2020) describes capabilities as the organisations strategy in maximising its resource utilisation through its ability to combine its resources with other organisational processes to achieve the desired goals and objectives. According to earlier literature on the resource-based view, organisations can gain competitive advantage using IT resources they own or control but however recent studies have argued otherwise that the investment in IT does not always yield the desired results and may be a disruption to the organisation’s adjustment to changes within its environment (De Wetering, 2021).  
The firm’s strategic resources could both be tangible (for example information technology infrastructure) or intangible (for example information, knowledge, processes) (Rodríguez-Espíndola et al., 2022; Madhavi et., al, 2020). Based on RBT, employee skills and talents are intangible resources whiles infrastructure as tangible resources (Mandal, S., 2019). The RBT is therefore capable of explaining how an organisation can gain competitive advantage through the transformation of its unique resources into capabilities and through the logical reconfiguration of these resources into organisational processes and sequences.
The RBT also helps to explain the relationship between the firm’s strategic resources and its performance (Furr & Eisenhardt, 2021). The findings of Furr & Eisenhardt (2021) indicate that in low uncertainty markets executives have enough time to build and recognise the value of resources which have a long-term competitive advantage and resources can also provide an indication of the organisation’s future strategy and performance over its life cycle. Edward et al. (2021) adds that the firm’s competitive advantage is greatly linked to the idea of sustainability. A firm can develop sustainable competitive advantage when it has resources which are not only valuable and rare but almost practically impossible to substitute and imitate. The RBT therefore holds the view that the main driver of the organisation’s performance are the heterogeneous resources within its portfolio. The RBT has been further extended by Teece et al. (1997) by proposing that organisations need to adapt to environmental and business changes by modifications to their existing resources, capabilities, and operational resources which they referred to as dynamic capabilities (i.e., organisations capacity to adjust to these dynamic changes in its landscape)
RBT therefore identifies technology as one of the key strategic resources of an organisation and lays emphasis on the internal resources of an organisation to influence its organisational strategies and drive competitive advantage (Rodríguez-Espíndola et al., 2022). The effectiveness of technological resources depends on how the organisation’s management has adopted the resources by aligning it closely to the business goals as well as the context in which it is being used (Rodríguez-Espíndola et al., 2022). Management therefore needs to have the right skills, beliefs, culture, clearly defined vision, and objectives for the benefits linked to technological resources to be realised by the organisation (Rusu et al., 2020). From an RBT perspective, technology can be seen as strategic resource and core driver whiles technology strategy is seen as the firm’s ability or approach to deploying these technology resources to achieving its key strategic and business objectives. 
The RBT is therefore a suitable lens for this research as it also posits that the way a firm might choose to adopt and manage the deployment of its resources can create both temporary and sustainable competitive advantage with technology seen as a distinct resource which can provide sustainable competitive advantage and distinctive capabilities (Madhavi et., al, 2020). Furthermore, the findings of Madhavi et., al, (2020) using emerging technologies like blockchain in the supply chain process had an influence in the supply chain performance which included improved process, product, and service quality. Building on from this point, the technology strategy of adopting emergent technologies should therefore influence the product innovation outcome of the organisation. Moreover, the technology strategy of the organisation therefore provides the necessary guidance and approach on which technologies the organisation should harness to enjoy a long-term sustainable competitive advantage. 
Further research has examined how the firm’s resources influences the organisations strategy and its impact on the performance (Madhavi et., al, 2020). Organisational resources are also linked to dynamic capabilities such as product innovation which provides a long-term sustainable competitive advantage to the organisation (Furr and Eisenhardt, 2021). The RBT therefore allows for the impact of the organisational resources to be analysed with the actors within the organisational network to understand its impact on product innovation. 
Building on the arguments of the RBV by Barney (1991) and the extension of the dynamic capability by Teece et al. (1997), technology strategy and product innovation are key capabilities for the survival of any organisation and to gain competitive advantage. Technology strategy could be seen as management capability whiles product innovation as a dynamic capability all existing within a complex network of actors. These capabilities therefore coexist and allow the organisation to remain sustainable and competitive into the foreseeable future.       
3. Research Model and Hypothesis Development
3.1. Technology Strategy as a Concept
When one talks of technology strategy, the first thing that comes to mine are the tangible features like microprocessor chips, hardware, infrastructure, smart gadgets like phones, and so forth. These technologies put together in today’s world constitute what is known as digital technologies, which integrate every aspect of our daily life and society (Furr, 2021). Even though big organisations are increasing their spending on information technology, this increase is still not reflected in the productivity or customer satisfaction experience (Konkel, 2021). For organisations to therefore increase productivity levels, they need to be able to integrate technology within business management processes using various tools and a continuous focus on technology strategy is important to achieve this goal (Mokhtarzadeh et al., 2020). According to Mokhtarzadeh et al., (2020, p.3)
“the purpose of the technology strategy concept is to provide a broad and comprehensive approach to achieve organizational goals through the benefits of technological capabilities in a competitive environment”
Mokhtarzadeh et al, see TS concept more as a systematic process which serves as a guide to organisations to follow in implementation and making technological decisions.
Urban & Krawczyk-Dembicka, (2020) looked at technology strategy as a concept within technology management (TM) in which TS is understood more from a strategic perspective. According to the strategic view Urban & Krawczyk-Dembicka (2020, p.4) define technology strategy 
“as a long-term vision for managing technology that sets a consistent decision-making pattern to foster the creation and exploitation of knowledge to attain superior competitiveness”.
 Organisations are still being challenged on how to invest, integrate, and leverage new technologies within their organisations to innovate their product base. With organisations therefore having a balance internal and external technology sourcing strategy alongside a balance of technological, domain and architectural knowledge this can support these challenges and give a positive impact on the organisation’s performance (Urban & Krawczyk-Dembicka, 2020). The findings of Urban & Krawczyk-Dembicka indicate that TM influences product planning and product design and the process view of TM influences how the organisations deal with technology from the identification process, selection, acquisition, exploitation and through to knowledge protection. Building on their findings and seeing technology strategy as a process, one supports the view that technology strategy influences every element of the organisation and product innovation. In another study by Furr (2021) on technology entrepreneurship, the results showed that different domains such as TM, evolutionary economics, entrepreneurship, and strategy in dynamic environments have contributed to the meaning of technology strategy. Technology entrepreneurship is understood to be the interface between innovation and entrepreneurship (Urbano, D. et al., 2019). Furr, (2021, p.2) defined technology strategy from the perspective of an entrepreneur in which technology strategy and entrepreneurship is defined as a
“entrepreneurial action to apply a technology to achieve some end, often an economic or social end. Thus, in the sense that technology entrepreneurship is the action of applying technology to create new value, and perhaps capture it as well, then technology strategy, as an umbrella concept incorporating technology entrepreneurship, can be defined as a firm’s strategy for creating and capturing value with technology as well as the firm’s strategy in a world shaped and reshaped by technology”
Urbano, D. et al., (2019) extend the definition of Furr (2021) by adding that innovation leads to the creation of ideas, products, and services while entrepreneurship is about identifying and taking advantage of business opportunities aimed at bringing about socio-economic values. 
Panda and Sharma (2021) described technology strategy as the “acquisition, development and exploitation” of technologies for the benefit of the organisation. Zhang et al. (2021) added that technology strategies are “procedures” that shape how the organisation goes about acquiring, managing, and exploiting new technical knowledge and abilities. Mohammadi & Mohammadi (2021) described this as the path used by companies to define which technologies to deploy and set aside. 
Technology strategy decisions involve several options such as decisions on in house manufacturing, external sourcing, licensing, or more in-house R&D and or a mixture of these options and so on. Panda and Sharma argued that such decisions are driven by the transaction costs theory (make or buy decision) and asserts that a firm can develop technology in house through its own R&D process or purchase technology externally depended on the costs. In another investigation by Li et al. (2021) on the influence of technology strategy and channel encroachment, they showed that when leading manufacturers adopt an in-house R&D technology strategy, encroachment will improve consumer surplus by slashing prices and on the contrary limit consumer surplus when organisation lack the technical abilities. Their findings also indicated organisations using a technology follower strategy will tend to use an outsourcing R&D technology strategy when their R&D capability is weak otherwise an internal approach is used with optima R&D levels.
Emerging technologies need to be considered as part of the strategy (Furr (2021) as technologies are also creating a degree of uncertainty through the innovation phase as proposed by the theory of uncertainty (Furr and Eggers,2021). As the degree of behavioural biases increases so does the level of uncertainty increase which can have a degree of influence on the innovation process. Products with shorter life cycles forces firms to innovate constantly and compete (Mohammadi & Mohammadi (2021), adding more uncertainty due to these rapid changes (Panda and Sharma, 2021). During periods of uncertainty some firms will respond by either using an imitative technology approach to their competitors most successful products or an innovative strategy by launching new products and services (Afshar & Brem, 2020). The organisations choice of strategy influenced by managements perception of the environmental uncertainties facing the business and consistent with predictions of the upper echelons theory (Hembrick & Mason, 1984 cited by Afshar & Brem ,2020). The upper echelons theory postulates that executive’s perception and interpretation of the environment will influence the actions taken by the executives. Konkel, (2021) argued IT competencies: technology, people, processes, and governance were critical elements for senior IT executives to build future ready technology strategies which allows the firm to adapt to its dynamic environment.
According to Rutkowski, P., (2021) the companies technology strategy forms part of its overall strategy and thus include several other technological systems like databases, industrial systems, technological processes, and products. Rutkowski, P., argued that marketing and organisational resources put together with technological knowledge is impacting how organisations formulate technology strategy. Based on this, organisations set technology strategy at three different levels in the areas of; organisational competencies indicating technical knowledge resources; research and development as the critical source of knowledge and product innovation; and gaining control in the technological process and product manufacturing as a competitive tool. Rutkowski, P., (2021, p.10) went further to discuss that 
“in the area of technological strategy, core competencies reflect the well-established technological knowledge resources at the disposal of the company, necessary for its efficient functioning, and at the same time determine the possibility of establishing strategic units. The level of core technological and market competences is usually assessed by a given company. However, it should be remembered that a change in their scope and intensity results in the necessity to acquire and spend significant resources”.
Taking all the dimensions on TS discussed in the literature above accordingly one proposes the following hypothesis:
H1: Technology strategy positively influence product innovation. 
3.2. Capability based Technology Strategies and Product Innovation.
Researchers have now come to the agreement that technological capabilities are the major drivers for firm’s competitiveness (Zhang et al., 2021). Technological capabilities are key resources for the organisation providing it with the unique knowledge, skills, and abilities to participate in more significant activities to achieve competitive advantage (Lin & Lai, 2020). The building of organisational technological capability can take the form of technology transfer and knowledge spill overs during which the organisation increases its knowledge base in scope and depth (Guo et al.,2019). Technological capabilities allow firms to focus on more strategic activities which gives them competitive advantages and improves the firm’s profitability and performance (Feng-Jyh & Chihufeng, 2021). Developing technological capabilities is therefore important for organisations as it breeds new products and services through innovation. Organisations must make decisions on either making or buying when bringing new products to the market with the make decisions requiring a higher cost of capital and sound technological capabilities whiles the reverse is true for the buy decision (Pan & Wang, 2020). To develop capabilities, organisations need to acquire the right knowledge which Feng-Jyh & Chihufeng (2021) pointed out could be a challenge for SMEs compared to larger organisations. Feng-Jyh & Chihufeng (2021) identified several factors that could influence the ability of the organisation to develop technological capabilities which included the sharing of knowledge, skills training, collaborative partnerships, innovation, and government support. Resources are critical for any organisation to develop the right capabilities to innovate and compete (Barney,1991 cited by Urbano et. Al., 2019). Based on the philosophy of Barney, Urbano et al. (2019) identified the strategic orientation of an organisation as an important organisational dynamic capability as it describes the philosophical unpinning of how business is conducted with reference values, beliefs, and objectives. Amankwah-Amoah et al. (2021) added that countries are using technological knowledge to transform from traditional agricultural economies to knowledge-based economies. One can therefore argue that knowledge and transformation capabilities are critical and vital resources for technology strategy. 
Prior studies on TS have used different measures such as the ability of the organisation to integrate technological knowledge, product innovation, organisational capabilities, and manufacturing orientation through the organisation, (Zhang et al. 2021, Lopez-Vega & Tell, 2021). In another investigation by Mikalef et al. (2021) using dynamic capabilities of sensing, coordinating, integrating, learning, and reconfiguring, their findings indicated that these capabilities are critical antecedents for an organisation’s competitive performance especially in uncertain environmental conditions. According to Mikalef et al, a sensing capability enables the organisation to scan its environment monitoring its customers and suppliers; a coordination and learning capabilities allows the organisation to improve efficiency and responding to market intelligence thereby giving them the opportunity to create new products to meet customer needs; an integration and reconfiguration capabilities provides the organisation with the opportunity to collaborate with business partners and the same time being able to rapidly adapt to other business relationships arising with other parties. 
During the product innovation process, knowledge is created throughout the various phases (Marion & Fixson, 2021). Organisations capable of integrating external knowledge with their local technological efforts can improve their TS such as innovation, R&D, internal versus external sourcing (Panda and Sharma, 2021). Based on the knowledge- based view, knowledge is therefore a key capability resource for the organisation to build organisational capabilities (Galunic and Rodan, 1998; Henderson and Clark, 1990; Quintane, Mitch Casselman, Sebastian Reiche, and Nylund, 2011 cited by Marion & Fixson, 2021). The organisations technical knowledge therefore improves business performance and drives product innovation (Rusu et al., 2020). For example, organisations with MNE status, international knowledge acquired through foreign direct investment learnings increases the innovative output and performance of the organisation (Santos-Arteaga et al., 2019). Organisations with a co-developing technology strategy gain knowledge quicker and improve internal capabilities faster (Zhang et al., 2021)  
TS based on capability focuses on two key capabilities; resource-based capability theory (RBC) and organisational based capability theory (OBC) (Lopez-Vega & Tell, 2021). Most studies on IT capabilities have deep rooting on the resource-based theory of the firm (Teubner, & Stockhinger, 2020) first introduced by Barney, (1991). These resources and capabilities differ between organisations, for example the most critical observed in technology driven SMEs are the acquisition of technology and its application and innovation management (Loon & Chik, 2019). Therefore, an organisation’s ability to manage these resources and capabilities gives them an opportunity to fully utilise their technological and non-technological resources for a greater competitive advantage. 
Park and Mithas (2020) argued that despite the benefits using resource-based theory and transaction cost economics view to define the strategy setting, there are still limitations to these approaches as they do not address elements of complexity involve in formulating strategy and system complexities. Kahn & Candi, (2021) added that the size of the firm and product offering influences the innovation strategy of the organisation with large firms taking an exploration approach since they have more resources while small firms following an exploitation approach due to resource constraints. 
Considering the arguments on RBC theories, one proposes the following hypothesis:
H2. Resource-based dynamic capabilities positively moderate the technology strategy of the organisation and its product innovation activities. 
3.3. Role of Management Support
Practitioners and researchers have long understood the role of management in supporting technology strategy for product innovation activities (Husam et al. 2020). From an organisational perspective, managerial values and beliefs are driven by the culture of the organisation. These core managerial values intend create an innovative culture within the organisation and therefore improve firm performance. According to Rusu et al. (2020) managers must have the desire to continuously change their old behaviours in favour of more efficient ones to foster innovation within the organisation. They also go further to argue that transformational leaders can fine tune their attitude in a transformational way to deal with the complexities of the environment. Konkel, (2021) argued that technology leaders play role in governance of technology and risk management decisions thereby ensuring that governance bodies have the right policies and procedures in place to promote the development of platforms and drive funding decisions as well what level of risk to take when implementing changes. Husam et al (2020) investigated the role of management in open innovation practices in firms and argued that management support is critical for the success of open innovation practices and the success of organisational changes. Husam et al describe management support here as providing employees with the education, skills and training required, creating awareness on the benefits of open innovation to foster creativity and innovativeness as well as financial and non-financial incentives to employees. Organisations run by leaders with a strong appetite for technological changes may carry out more R&D or licencing activities or a mixture of both to drive an innovative culture hence fostering creativity (Panda and Sharma, 2021). Management has the responsibility to drive technology strategy within the organisation and support new initiatives for product innovation to be successful and therefore filters down to the employee’s attitude to accept the change. To support innovation, employees need to feel empowered as this encourages them to think and be confident. The role of managers is therefore to decentralise the decision-making process and foster a culture where in employees are involved in the decision making which intend leads to a trusting culture and hence a higher capability to drive change within the organisation (Brands et al., (2021).
Liu et al. (2020) argued that in firms with high technological capabilities, management support in the form of culture, risk and achievement are closely related to product innovation. Management’s role in supporting an innovative culture and application of knowledge from prior technology successes will create an innovative driven environment for employees, fostering participation, enabling them to bring forth new ideas and make sure knowledge is used efficiently and effectively for the long-term benefit of the organisation. Feng-Jyh & Chihufeng (2021) add that having a well-trained and educated workforce also improves the workers professional capabilities and the development of new skills which improves the technological capabilities of the organisation. Having skilled and professional workers therefore makes it easier for the organisation to develop new technologies and hence a positive influence on the product innovation ability of the organisation. Following this line of argument, it is therefore reasonable to argue that any organisation trying to improve on its product innovation needs to ensure management has a clear strategy and vision in developing the employees, so they have the right skills and ability to innovate the product landscape of the organisation. In another study by Pesch et al., (2021) they found out that innovation managers played a role in product innovation through the application of rules, procedures and processes to balance stability and promote efficiency and flexibility within the organisation hence enhancing product innovation. 
Another fundamental role of the managers during product innovation is to help resolve conflicts and tensions that may arise between the development, design, costs, and resources needed (Pan and Wang, 2020). As one could imagine product innovation is a very complex activity with various stakeholders having different views of what the product should do, look like and what needs it must fulfil. Pan and Wang (2020) building on the attention-based view (ABV) argued that tensions in product innovations could be managed through senior managers communication efforts and hence bringing about efficiency and improve the process of product innovation overall. According to Ocasio, (1997,2001) as cited by Pan & Wang, (2020) managerial attention tends to be impacted by various contextual and situational factors with tensions being one of such enablers which managers must address. Accordingly, one hypothesizes that: 
H3: Management support has a positive influence on the organisation’s product innovation.
H4: The mediating effect of management support on the organisation’s technology strategy has a positive influence on product innovation.
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Fig 1. Research Model
4. Research Methodology.
4.1 Data and Methods
The research was approached from an empirical quantitative perspective. The instruments and measurement items for this study were tested and validated on the UK-based telecommunications industry since this industry sector was highly dependent on the use of technology in its methods and product innovation processes. Further details can be found in the appendix on these measurement items.
4.2 Measures
4.2.1. Independent Variables
Consistent with prior studies on technology strategy in high-intensive industries, to capture the organisations technology strategy, the research captures seven measures namely, the importance of technology to the organisation, technology strategy rating of the organisation, technology strategies used by the organisation, importance of technological knowledge resources, the level of internal R&D within the organisation, networking strategies (cooperation & outsourcing), the number of third-party licences within the organisation, digitalisation, and the ratio of internal R&D volume to third party licences as a mix approach (Panda & Sharma, 2021; Tojeiro-Rivero & Moreno 2019). 
4.2.2. Dependent Variables
Following previous studies, the product innovation factor focused on three key activities; speed of new product development, frequency of development, introducing disruptive products into the market (Jiang et al., 2020; Tojeiro-Rivero & Moreno 2019; Almodóvar et al., 2021) were adopted and adapted for this study. 
4.2.3. Moderating Variables
Using the conceptual work of Teece et al., (1997), Jiang et al., (2020) and Mikalef et al. (2021) ten measures of dynamic capabilities were adopted and enhanced for this study based on five dimensions: coordination, integrating, reconfiguration, sensing, and learning. Dynamic capabilities are defined according Teece et al., (1997, p.516) as the organisation’s abilities to “integrate, build, and reconfigure internal and external resources to address rapidly changing environments”
4.2.4. Mediating Variables
The role of management support is measured using measures adopted from Husam et al., (2020) and include: education and training offerings to employees and resources allocated to projects, creating awareness among employees of the benefit of technology strategy to product innovation activities and offering monetary and non-money incentives to employees to encourage them to develop new ideas. 
Table 1 Summary of the constructs, measurement items, definition and sources used for this study. 
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Table 1. Constructs and measurement items including sources and definitions of variables.
5. Findings
5.1. Descriptive Statistics
Table 2 pg.16 shows the demographics of the study participants. An equal number of male and female participants were selected for the studies to gain a good balance of results. Participants were mainly dominated by individuals within the age of 50- 60 years with between 20- 30 years of work experience, academic qualification of NVQ and worked mainly within the telecommunications industry with company size of between 15,000 – 20,000 employees. The descriptive statistics of the data indicated that data was normally distributed based on the bell-shaped nature of the histogram (Field, 2009) Fig.1 and by checking the Skewness and kurtosis estimates. Table 3 pg.16 below shows the skewness estimates which compares the closeness of the mean and median values (Field 2009; Diamantopoulo & Schlegelmilch, 1997) for each variable and the range of the Kurtosis values between -2 and +2 (George & Mallery, 2010) 
Table 2. The Demographics of Participants in the Research (n=100)
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Table 3. Normal Distribution using Skewness and Kurtosis Statistics
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5.2. Factor Analysis
The conceptual factors of technology strategy, product innovation, management support and dynamic capabilities resources used for the study were tested for reliability and validity. Reliability is the internal consistency of the research methods to deliver same results under same circumstances (Field, 2009) whiles validity is about determining the accuracy of the research results or whether the research measures what it is set out to measure (Joppe, 2000). Hence the reliability and validity of the data is therefore important (Froman, 2000). Reliability of the data was established using the Cronbach’s alpha, standard deviations and factor mean whiles validity was established using the correlation analysis and factor analysis. 
The results of the Cronbach’s alpha, mean and standard deviations are shown in Table 4 pg. 18. The Cronbach’s alpha for the constructs were determined to be well above 0.70 benchmark indicated by Nunnally & Bernstein (1994), Streiner (2003) and Cohen & Swerdlik (2010) hence satisfactory and reliable. A factor analysis was carried out to ascertain that the measurement items measured the conceptualised constructs used for the study. The loading factors shown in Table 5 pg. 18 were above the 0.8 threshold prescribed by Field (2005) hence were therefore considered valid for this study. 







Table 4. Summary of the Principal Component Analysis for Reliability.
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Table 5. Summary of the Principal Component Analysis for Validity of Data
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5.3. Regression Analysis
Following the confirmation of the reliability and validity of the measurement constructs, multiple linear regression analysis was carried out to determine the degree of association between technology strategy, management support, dynamic capabilities, and the dependent variable of product innovation. The results of the regression model are shown in Table 6 pg.19 were satisfactory with the R Square all above 80%, F-change and Sig. F-change < 0.001. Model 1 in Table 6 pg.19 shows support for H1, in that technology strategy has a positive and significant effect on product innovation (, b = 0.94, Sig F-Change & Sig < 0.001). To examine if dynamic capabilities have a moderating effect on the relationship between technology strategy and product innovation, the direct relationship between dynamic capabilities and product innovation was included (Model 2 Table 6 pg.19), the relationship between technology strategy on product innovation (Model 1, Table 6 pg.19) and the relationship between technology strategy, dynamic capabilities on product innovation (Model 3, Table 6 pg.19). The results were all significant and positive (, b = 0.93, Sig F-Change & Sig < 0.001) and (, b = 0.94, Sig F-Change & Sig < 0.001) for the individual direct relationships between dynamic capabilities and technology strategy impact on product innovation respectively. Whiles for the combine relationship for all the two predictors (Model 3, Table 6 pg.19, , b = -2.455, 3.392 (dynamic capabilities & technology strategy), Sig F-Change & Sig < 0.001 for the two predictors hence statistically significant with dynamic capabilities showing a negative effect on product innovation (b = -2.455). With the addition of the moderator to the interaction between technology strategy, dynamic capabilities, and product innovation, (Model 4, Table 6 pg.19), the results showed that the dynamic capabilities moderator had a negative effect on product innovation and statistically significant (b = -0.355, Sig. F< 0.001). The   for the models however increased from 89% (Model 1, Table 6 pg.19), to 92% in Model 3, Table 6 pg.19 and then to 97% (Model 4, Table 6 pg.19) for all combine constructs (Sig F-change & Sig. < 0.001) suggesting that dynamic capabilities added explanatory power to the models. The results therefore conclude that dynamic capabilities positively and significantly moderate the relationship between technology strategy and product innovation, hence supporting H2. Model 5 in Table 6 pg.19 examines H3. The results indicate a positive and significant interaction between management support and interaction with product innovation (, b = 0.93, Sig F-Change & Sig. < 0.001). Finally, to analyse the mediating effect of management support on technology strategy and product innovation, the direct relationship between management support and product innovation (Model 5, Table 6 pg.19) and technology strategy on management support (Model 6, Table 6 pg.19) were analysed and showed significant positive relationships. With the addition of the mediating variable of management support, the  increased (89% in Model 1, 86% in Model 7 table 6 pg.19) to =93% in Model 7, Table 6 pg.19, increasing the predictive power of the model 7 thus supporting H4. However, management support as a mediating variable had a negative impact on product innovation which was statistically significant (b=-2.69, Sig. < 0.001, Model 7 Pg.19) but when compared to the direct relationship in Model 5 pg.19, management support had a positive relation and was statistically significant (b=0.926, Sig. <0.001). At the 95% confidence level the regression models in supports all hypotheses (H1 to H4) above. The results indicate that Model 4 pg. 19 had a greater predictive power compared to the other models influence on product innovation.
Table 6. Summary of Regression Analysis Results.
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To ensure the validity of conclusions and findings drawn from the study, multicollinearity diagnostics were also checked for the constructs in the study. The tolerance for all constructs were above 0.2 as suggested by Menard (2000) and the variance inflation factors (VIF) were all below the 3.3 threshold suggested by Petter et al. (2007), condition indexes were not greater than 15 (Belsley et al., 1980) hence suggesting low multicollinearity (Table 7, pg. 20)  
Table 7. Multicollinearity Diagnostics for measurement constructs.
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6. Discussions
The aim of the research was to study how technology strategy, management support, dynamic capabilities positively influence product innovation and in turn leads to competitive advantage for the organisation. 
The results indicate that most of the participants agreed to the statements which gauged the importance and positive influence of technology strategy, management support and dynamic capabilities on product innovation. Of all the items measured, the “speed of new product development” had the worse mean score 3.30 (Table 4 pg.18) which indicate an almost neutral position on the part of the participants. The combined effect of the three independent variables used in the study explained 93 % of the changes in product innovation (). These results support prior literature on the positive impact of these constructs in driving product innovation within the organisation and the critical role of management support and dynamic capabilities in driving (Mokhtarzadeh et al., 2020; Zhang et al., 2021)
The regression results for the hypothesis supports the view that technology strategy, management support and dynamic capabilities have a positive influence on product innovation. From the point of view of the influence of technology strategy on product innovation, the empirical findings, and descriptive statistics in Table 4 pg.18 above supports prior literature that technology strategy has a strong predictive power on product innovation, and it’s also set across the R&D which is the vital source for product innovation (Rutkowski, P., 2021).
From the results of the impact of dynamic capability as mediating factor on technology strategy and product innovation, the regression results and descriptive statistics supports the view that dynamic capabilities of sensing, coordinating, integrating, learning, and reconfiguring, are important for an organisation’s competitive performance especially in uncertain environmental conditions (Mikalef et al. ,2021). Similarly, management support had a direct positive impact on product innovation with , b = 0.926 (Model 5 Table 6 pg.19) hence supporting existing literature that management support in the form of culture, risk and achievement are closely related to product innovation (Liu et al., 2020). All three variables show statistically significant results on product innovation (Sig <0.001, table 6 pg.19). These findings are consistent with those of Panda and Sharma, (2021) that technological changes lead to more R&D and licencing activities hence fostering an innovative culture of creativity. 
The results of the empirical findings also support those of Tojeiro-Rivero & Moreno (2019), that the number of new products introduced to the market seems to be a good measure for product innovation (mean = 4.02, Table 4 pg.18).  
7. Practical Implications and future research
7.1 Research Implications.
The results of the studies provide various implications for managers. First, the results show that managers play a strategic role in supporting and setting the technology strategy for the organisation which has a positive impact on product innovation activities of the organisation.  
Secondly, the dynamic capabilities which the organisation possesses alongside its unique resources are crucial for the competitive advantage and long-term sustainability of the organisation as proposed by Barney (1991). 
Thirdly, dynamic capabilities when combined as a moderating or non-moderating variable with technology strategy could have a negative effect on product innovation activity within the organisation (Model 3 & 4, pg.19). It is therefore critical for management to consider what types of dynamic capability resources which are vital for their organisation and to carefully implement hence supporting Barney (1991) that these resources need to rare and unique to the organisation.
Fourthly, when management support as a mediating variable needs to be clearly tailored according to the long-term technology strategy of the organisation as this could have a negative influence on product innovation activity (Model 7, pg.19 b=-2.689). This therefore supports the finding of Rusu et al. (2020) that managers who able to transform their behaviours have a better chance of fostering innovation and dealing with complexities in their environment.
In terms of policy implications, the research should enable the government to develop policies which enable organisations to gain access to the right levels of funding and access to new technologies much needed to create and develop new products and better access to capital markets for long term sustainability. 
7.2 Limitations and future directions
Despite the contributions from the present study, there are several limitations that future research should seek to investigate. First, although satisfactory reliability was achieved for product innovation, the speed of new product development did not work well within this study. Hence it will be good for future studies to explore the speed of new product development in other settings to test its reliability as measure for product innovation. Furthermore, the study poses a context-related limitation. The data for this study was created and not collected in the field to test hypotheses and propositions. Although considerable efforts have been taken to ensure data quality, potential bias cannot be fully excluded. Finally, the conceptualisation and measurement of technology strategy and measurement items were derived from theoretical suggestions. The list of measurement items is not exhaustive but based on the core focus area. Future studies can be directed towards upcoming areas of interest such as the impact of IT platforms providing capabilities on product innovation.  Future research could also explore my the moderating and mediating variables of dynamic capabilities and management support respectively in our models showed a negative relationship on product innovation when combined with technology strategy. 
8.Conclusion
This research provides insight on the success of technology strategy on product innovation. The findings suggest that while technology strategy has a positive influence on product innovation, management support and dynamic capabilities can also enhance the effect of product innovation and hence increase the long-term competitive advantage of the organisation. Management support and dynamic capabilities need to be clearly aligned to the organisation and to the technology strategy of the organisation as it could potentially have a negative influence in the long-term on product innovation activity. 
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Measurement Items Valid Mean Median Skewness Std. Error of Skewness Kurtosis Std. Error of Kurtosis

Importance of Technology (IOFT) 100 3.97 4.00 -1.31 0.24 1.25 0.48

Degree of Success of the Organisations Technology Strategy (DOSOOTS) 100 3.94 4.00 -1.22 0.24 0.97 0.48

Technology Strategies used by Organisation (TSUBO) 100 3.95 4.00 -1.27 0.24 0.95 0.48

Technology Strategy Rankings (TSR) 100 4.07 4.00 -1.37 0.24 1.15 0.48

Importance of Tech Knowledge Resources (ITKR) 100 3.92 4.00 -1.24 0.24 0.84 0.48

Ease of Knowledge of Transfer (EOKT) 100 4.02 4.00 -1.36 0.24 1.10 0.48

Significane Of Resources to Technology Strategy (SOR) 100 3.94 4.00 -1.22 0.24 0.97 0.48

Speed of New Product Development (SONPD) 100 3.3 3.00 -1.10 0.24 1.04 0.48

Frequency of New Products introduced into the Market (FRONPITM) 100 4.02 4.00 -1.36 0.24 1.10 0.48

The Extend of Disruptive Products introduced into the market (EODPIITM) 100 4.07 4.00 -1.37 0.24 1.15 0.48

Management training to employees (MTTE) 100 3.94 4.00 -1.22 0.24 0.97 0.48

Management incentives to employees for new ideas (MITEFNI) 100 3.95 4.00 -1.27 0.24 0.95 0.48

Managemnt provides technology strategy awareness programmes to employees (MTSAPTE) 100 3.92 4.00 -1.24 0.24 0.84 0.48

Management continueously takes advantages of new opportunities in the environment(MCTAONOITE) 100 3.92 4.00 -1.24 0.24 0.84 0.48

Management continuously implements new product ideas and improves existing products(MCINPIAIEP) 100 3.94 4.00 -1.22 0.24 0.97 0.48

Management actively coordinates activities between different functional activities(MACABDFA) 100 3.95 4.00 -1.27 0.24 0.95 0.48

Management actively searches on new ways to gain technological knowledge for new products(MASONWTGTKF) 100 3.94 4.00 -1.22 0.24 0.97 0.48

Mangement integrates new technologies when developing new products (MINTDNP) 100 3.98 4.00 -1.23 0.24 0.90 0.48

Management actively reconfigures the organisations assets and capabilities to adopt best practices (MAROAANC) 100 3.93 4.00 -1.20 0.24 0.76 0.48

Company Size 100 3.97 4.00 -1.31 0.24 1.25 0.48

Gender 100 1.5 1.50 0.00 0.24 -2.04 0.48

Years of Experience 100 3.94 4.00 -1.22 0.24 0.97 0.48

Age (years) 100 3.97 4.00 -1.31 0.24 1.25 0.48

Industry Type 100 3.97 4.00 -1.31 0.24 1.25 0.48

Accademic Qualification 100 3.95 4.00 -1.27 0.24 0.95 0.48
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Measurement Constructs Mean Std. Deviation Cronbach's Alpha

Cronbach's Alpha 

Based on 

Standardized 

Items

N of Items

Technology Strategy

Importance of Technology (IOFT) 3.97 1.105

Degree of Success of the Organisations Technology Strategy (DOSOOTS) 3.94 1.09

Technology Strategies used by Organisation (TSUBO) 3.95 1.132

Technology Strategy Rankings (TSR) 4.07 1.148

Importance of Tech Knowledge Resources (ITKR) 3.92 1.134

Ease of Knowledge of Transfer (EOKT) 4.02 1.146

Significane Of Resources to Technology Strategy (SOR) 3.94 1.09

Product Innovation

Speed of New Product Development (SONPD) 3.30 0.785

Frequency of New Products introduced into the Market (FRONPITM) 4.02 1.146

The Extend of Disruptive Products introduced into the market (EODPIITM) 4.07 1.148

Management Support

Management training to employees (MTTE) 3.94 1.09

Management incentives to employees for new ideas (MITEFNI) 3.95 1.132

Managemnt provides technology strategy awareness programmes to employees (MTSAPTE) 3.92 1.134

Dynamic Capabilities

Management continueously takes advantages of new opportunities in the environment(MCTAONOITE) 3.92 1.134

Management continuously implements new product ideas and improves existing products(MCINPIAIEP) 3.94 1.09

Management actively coordinates activities between different functional activities(MACABDFA) 3.95 1.132

Management actively searches on new ways to gain technological knowledge for new products(MASONWTGTKF) 3.94 1.09

Mangement integrates new technologies when developing new products (MINTDNP) 3.98 1.11

Management actively reconfigures the organisations assets and capabilities to adopt best practices (MAROAANC) 3.93 1.139

0.995 0.995 3

0.997 0.997 6

Reliability Statistics

0.996 0.996 7

0.877 0.874 3
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 Principal Component Analysis- Technology Strategy

Importance of Technology (IOFT) 0.993

Degree of Success of the Organisations Technology Strategy (DOSOOTS) 0.99

Technology Strategies used by Organisation (TSUBO) 0.994

Technology Strategy Rankings (TSR) 0.974

Importance of Tech Knowledge Resources (ITKR) 0.991

Ease of Knowledge of Transfer (EOKT) 0.981

Significane Of Resources to Technology Strategy (SOR) 0.99

 Principal Component Analysis- Product Innovation

Speed of New Product Development (SONPD) 0.762

Frequency of New Products introduced into the Market (FRONPITM) 0.951

The Extend of Disruptive Products introduced into the market (EODPIITM) 0.964

 Principal Component Analysis- Management Support

Management training to employees (MTTE) 0.993

Management incentives to employees for new ideas (MITEFNI) 0.995

Managemnt provides technology strategy awareness programmes to employees (MTSAPTE) 0.996

 Principal Component Analysis-Dynamic Capabilities

Management continueously takes advantages of new opportunities in the environment(MCTAONOITE) 0.991

Management continuously implements new product ideas and improves existing products(MCINPIAIEP) 0.995

Management actively coordinates activities between different functional activities(MACABDFA) 0.994

Management actively searches on new ways to gain technological knowledge for new products(MASONWTGTKF) 0.995

Mangement integrates new technologies when developing new products (MINTDNP) 0.990

Management actively reconfigures the organisations assets and capabilities to adopt best practices (MAROAANC) 0.993

Measurement Contructs and Items Component Factors
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F Change Sig. F Change

1      0.000 

1

Technology Strategy 

impact on Product 

Innovation

a. Predictors: (Constant), Regression factor score for Technology Strategy

b. Dependent Variable: Regression factor Score for Product Innovation

0.890 790.601 <.001 0.131

0.943

<.001 28.118

2

Dynamic capabilities 

Impact on Product 

Innovation

a Predictors: (Constant), Regression factor score for Dynamic Capabilities

b Dependent Variable: Regression factor Score for Product Innovation

0.862 612.254 <.001 0.172 0.928 <.001 24.744

a Predictors: (Constant), Regression factor score for Technology strategy, 

Regression factor score for Dynamic Capabilities

b Dependent Variable: Regression factor Score for Product Innovation

Regression factor score for Dynamic capabilities

-2.455 <.001 -6.084

Regression factor score for Technology Strategy

3.392 <.001 8.406

a. Predictors: (Constant), Moderator factor Dynamic Capability, 

Regression factor score for Dynamic Capabilities, Regression factor 

score for Technology Strategy

b. Dependent Variable: Regression factor Score for Product Innovation

Regression factor score for Dynamic capabilities

-1.476

<.001

-5.835

Regression factor score for Technology Strategy

2.151

<.001

8.288

Moderator factor score for Dynamic Capability

-0.355

<.001 -13.188

5

Management Support 

Impact on Product 

Innovation

a. Predictors: (Constant), Regression factor score for Management 

Support

b. Dependent Variable: Regression factor Score for Product Innovation

0.857 588.125 <.001 0.169

0.926

<.001 24.251

6

Technology Strategy 

Impact on Management 

Support

a. Predictors: (Constant), Regression factor score for Technology Strategy

b. Dependent Variable: Regression factor score for Management Support

0.994 17696.856 <.001 0.368

0.997

<.001 133.030

a. Predictors: (Constant), Regression factor score for Management 

Support, Regression factor score for Technology Strategy

b. Dependent Variable: Regression factor Score for Product Innovation

Regression factor score for Technology Strategy

3.625

<.001 9.983

Regression factor score for Management Support

-2.689

<.001 -7.406

Technology strategy, 

Dynamic capabilities 

Impact on Product 

Innovation

3

0.920 559.083 <.001 0.253

7

Model

Sig. T-Value

Moderating effect of 

Dynamic Capabilities on 

Technology Strategy and 

Product Innovation

0.972 1095.123 <.001 0.445

4

Constant

Mediating Effect of 

Management Support on 

Technology Strategy and 

Product Innovation

0.930 639.933 <.001

Standardized 

Coefficients 

0.081

Regression Models Basis of Regression

R 

Square

Change Statistics

Durbin-

Watson
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(Constant) Regression factor score for Technology Strategy Tolerance VIF

Regression factor score for Technology 

Strategy

1.000 1.000 0.50 0.50

1 1

Regression factor score for Management 

Support

1.000 1.000 0.50 0.50

1 1

Regression factor score for Dynamic 

Capabilities

1.000 1.000 0.50 0.50

1 1

a. Dependent Variable: Regression factor Score for Product Innovation

Eigenvalue Condition Index

Variance Proportions Collinearity 

Constructs
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CONSTRUCTS DEFINITION MEASUREMENT ITEMS (ADAPTED OR ADOPTED) SOURCE(S)

Independent Variable

Technology Strategy

Technology strategy is defined as 

the acquisition, development and 

exploitation of technologies to 

foster the creation of knowledge 

needed to gained sustainable 

competitive advantage

Digitalisation, 

research & development, 

Technological Knowledge 

strategic orientation

Technology leader,

Knowledge transfer activities 

He Li et al. 2021; Li et 

al. 2021; Lopez-Vega 

& Tell, 2021; Urban 

& Krawczyk-

Dembicka, (2020) ; 

Panda and Sharma 

(2021)

Dependent Variable

Product Innovation

This is defined as the introduction 

of new products into the market or 

the enhancement / significant 

modification of existing products in 

response to customer and market 

dynamism. 

Number of New Products

Frequency of Development

Significance of disruptive products introduced

Jiang et al., (2020); 

Tojeiro-Rivero & 

Moreno (2019); 

Almodóvar et al. 

(2021)

Mediating Variable

Management Support



Management support is provision 

of the necessary skills , education 

and training required by employees 

to carry out their task efficiently

Employee Training  & Awareness Programms

Employee Incentive

Technology Strategy Awareness

Husam et al., (2020); 

Feng-Jyh & 

Chihufeng (2021)

Moderating Variables

Dynamic resource Capabilities

Organisations abilities to leverage 

its IT resources and competencies 

alognside other orgnisational 

capabilities to deal with challenges 

in the business landscape.



Sensing 

Coordinating

Learning,

integrating

reconfiguring routines 

Mikalef et al. (2021); 

Jiang et al. (2020) ; 

Teece et al., (1997) 


image3.emf
Variables Categories Frequency

Percentage 

(%)

Male 50 50

Female 50 50

Under 30 years 6 6

Between 30 and 40 years 6 6

Between 40 and 50 years 8 8

Between 50 and 60 years 45 45

Over 60 years 35 35

Under 5 years 5 5

Between 5 and 10 years 8 8

Between 10 and 20 years 8 8

Between 20 and 30 years 46 46

Over 30 years 33 33

Postgraduate Degree 6 6

Bachelors Degree 8 8

High School Certificate 6 6

NVQ 45 45

No Certificate 35 35

under 5000 6 6

Between 5000 and 10000 6 6

Between 10000 and 15000 8 8

Between 15000 and 20000 45 45

Over 20000 35 35

Services 6 6

Manufacturing 6 6

Wholesale 8 8

Telecommunications 45 45

Financial Services 35 35

Industry Type

The Demographics of Participants in the Research (n=100)

Company Size

Accademic Qualification

Years of Experience

Gender

Age (years)


