

  sustainability-14-06017




sustainability-14-06017







Sustainability 2022, 14(10), 6017; doi:10.3390/su14106017




Review



A New Step-by-Step Model for Implementing Open Innovation



Eleni N. Arvaniti 1, Agapi Dima 2[image: Orcid], Chrysostomos D. Stylios 3,4,*[image: Orcid] and Vagelis G. Papadakis 1





1



Department of Environmental Engineering, University of Patras, GR 26504 Patras, Greece






2



Computer Technology Institute and Press “Diophantus” (CTI), GR 10563 Athina, Greece






3



Industrial Systems Institute, Athena RC, GR 26504 Patras, Greece






4



Department of Informatics and Telecommunications, University of Ioannina, GR 47100 Arta, Greece









*



Correspondence: stylios@uoi.gr







Academic Editor: Dimitrios Kafetzopoulos



Received: 15 April 2022 / Accepted: 12 May 2022 / Published: 16 May 2022



Abstract

:

Open innovation has been found to have many benefits and tangible results for those who partake in it. This study aims to showcase the importance of open innovation, and through a theoretical example present how an organization (university, research center, company, firm, etc.) can take action to implement open innovation guidelines. In this paper, firstly, a demonstration showing how open innovation can work with multiple partners is shown. Secondly, a model is presented that shows the steps an organization must follow to successfully implement open innovation. This model covers the introduction of an organization to open innovation from the initial interest to the implementation of the final product. Several success stories are also presented to demonstrate how these steps have been used by major organizations during several collaborations as well as the results produced from implementing open innovation.
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1. Introduction


Open innovation has attracted wide interest since it first appeared in the 2003 book by Chesbrough. It proposed that companies combining internal and external ideas when innovating would benefit more than by adhering to the traditional research and development model [1]. As many definitions have been proposed for this term since then, it appears that open innovation is not something stationary and is constantly evolving. At this time, the most prevalent definition seems to be that open innovation is the use of purposive inflows and outflows of knowledge to accelerate internal innovation, and expand the markets for external use of innovation, respectively. This means that firms wanting to advance their technology can and should use both internal and external ideas [2].



Even though the term for open innovation appeared in 2003, the truth is that part of what is now considered open innovation existed prior to the term’s appearance. There is historic proof showing that the Roman Empire used what is now considered open innovation guidelines to expand [3].



Furthermore, collaborations always existed, especially between universities, but it was after 2003 that these partnerships became more specific. The term open innovation brought all of them under its umbrella and it is now easier to search for this topic, seek guidelines and see how it is beneficial for those involved.



Even though there are several definitions for open innovation [4,5,6,7,8], their common thread is the creation of relations and collaborations in order to create something new with the resources at hand. The differences in the definitions usually refer to different scopes concerning resources, the degree of openness, etc.



The current manuscript deals with several different aspects of open innovation. After addressing the importance of open innovation, a theoretical example is presented in order to better understand how open innovation can work between different collaborators and to see how collaboration can have beneficial effects among the different participants. Afterwards, a model with the steps that an entity might follow to adopt open innovation principles is provided. The proposed model provides a step-by-step guide that begins with the mere interest of an organization to implement open innovation, continues throughout all the processes that might be needed, and ends with the final project outcome of the collaboration.



Finally, some stories of open innovation implementation are shared in order to see how it was applied and the effects its application has on real companies and institutions.




2. The Importance of Open Innovation


The traditional research and development model was beneficial to large companies that could afford an in-house R&D department that also gave them full control in whatever innovation it produced as well as all the profits that were turned out. In contrast, open innovation promotes collaboration between companies, research centers, universities and even individuals that can bring different ideas forward to help solve problems that would otherwise be very difficult to manage.



The research institutes participating in open innovation reaped many benefits as it was found that open innovation strengthened the position of the public research institute, increased internal networking and broadened and improved the capabilities and knowledge of the involved researchers [9]. Furthermore, research consistently shows that open innovation has been beneficial to firms that have used it [10].



As new technology appears to need multidisciplinary development, open innovation can help, as a single organization may find it hard to be able to provide what is needed, especially if it is a smaller one [11]. Small research institutes, that are usually dedicated to one discipline, even if they produce quality research, will have limited viewpoints on things concerning other parts of science. Similarly, an industry with in-house research and development department, even if it is well established and has produced valuable assets for its owner, will probably face troubles when trying to expand its research to subjects beyond its expertise, as the research teams usually prefer to focus on one specific area of expertise. As open innovation helps the collaborators to work in a complementary way, there is a significant reduction in the use of resources needed for a project. For example, if one of the collaborators has already the infrastructures needed for the project ready, the rest of the partners will have to simply use it instead of spending their resources. The resources that are saved by this approach can then be used for something else that is needed maybe even another project.



It has been found that in open innovation collaborations the diversity of the people working on the project has a positive effect as the different perspectives that everyone involved lead to the creation of better products, services, or research [12].



The fact that open innovation leads to less time needed for the project’s actualization has many advantages for the company, such as finishing projects before the competition.



Furthermore, open innovation has also shown societal benefits. Open access, open source and open-source science, which are open innovation tools, can provide societal benefits. A wider pool of participants is established through open innovation. The results produced can be shared even with those that would have been excluded otherwise, as they are accessible to all. The risks of this endeavor are mitigated due to the number of participants [13].



Moreover, there is evidence that innovation can promote economic as well as sustainability results at the same time [14,15], as open innovation has also been proven to have important connections with sustainability. A very large part of open innovation studies has been found to touch upon several sustainability issues [15].



Additionally, this connection has shown beneficial effects as new products and services produced through open innovation have been replacing older, costlier, and sometimes more environmentally unfriendly ones. The replacement of petrochemicals with other bio-based substances that were developed through open innovation is an example of this [16]. These beneficial effects have also been observed when firms are trying to focus more on sustainability. It has been found that during the new product development phase, better results are achieved, a fact that becomes even more evident if the consumers’ concerns are taken into account by using open innovation practices [17]. Both the firms, as well as the consumers, can make an environmentally beneficial impact by using open innovation in order to minimize costs regarding pollution and manufacturing [18]. Sustainability combined with open innovation has also helped firms expand. Alibaba, for example, used a sustainable open innovation model which led to the rapid expansion of the company [19]. An offshoot of open innovation is open social innovation. Open social innovation is what takes place when open innovation and its principles are used for social issues and challenges. As of now, there are projects that use open social innovation in regions of Europe in order to promote innovation in these areas [20]. The use of IT solutions has been found to have a beneficial effect on open social innovation as it has the ability to bring together citizens and the issues they have with the rest of the collaborators [21]. Research has also shown that digitization can also have beneficial effects on innovation at a regional level [22].




3. A Demonstration of How Open Innovation Can Work


Firms and entities, such as research centers and universities, in terms of research can have huge gaps (evidence, knowledge, practical–knowledge conflict, methodological, empirical and theoretical and population gaps [23]) and overlaps. When working under closed innovation, all the research is in-house, closed-off and within the limits of each entity; therefore it will be very difficult for the industry to research something that can be readily available to the end- users on its own. Each entity can have a piece of the solution for a certain issue or can create it, but the other pieces are unavailable as the borders created by the actors are solid and impenetrable to others (Figure 1a).



By adopting open innovation principles, the borders come down and all the actors can communicate with each other. Every collaborator can provide the piece of the solution that they have or have created and help each other with the project (Figure 1b).



In the end, all partners have come together, and a solution is created with the input of all collaborators. The solution created encompasses the parts provided by everyone and the final product is something that would be almost impossible to be created by each partner separately (Figure 2).



To see how this works more clearly, an example concerning a company that produces baked goods will be presented in detail. This company desires new products that are appealing to the end-users to keep up with the competition. The end-users want a healthier product that is tasty as well. The research center has produced a new sugar substitute that can be used in baking, but it has been used only in small scale operations and not in an industrial setting. The cost is prohibiting for them to try and to work in a scaled-up environment, as they do not have the infrastructures, so their research remains incomplete. The university has researched consumer trends for the last 5 years in various settings. The research is sound and provides many insights into what a consumer wants and how to market different products, but there is no funding to continue. When all these entities work together with their combined resources, through open innovation, a solution appears to each problem. The research center can try its new sugar substitute in the baking company’s industrial plant, in order to see if it can work in a scaled-up environment and what it takes to make a good marketable product with it. The university shares its research with the other partners to make the product tailored to what the consumer wants and makes it more easily marketed. For this purpose, they also receive funding to conduct new research as to how the consumer reacts to the new product and if there are changes needed to be made before it is released into the market.



After this collaborative process, the company has a new product made to satisfy the consumers’ needs and wants and the insight into how to market it. The research center competed the research for the sugar substitute in an industrial setting easily as everything took place in the baking factory and no other external output was needed. The university received funding for its research. The consumers got the product they wanted from the beginning.



If there was no collaboration between all participants, all of their problems would have remained unsolved, but through open innovation all of the pieces fell into place and a solution was formed.




4. Methodology


The model that is presented in this manuscript was generated by reading and analyzing several papers about open innovation, which explained how open innovation can be implemented in research facilities, companies, etc. When studying the literature, several patterns started to emerge as to how this was happening and what effects it had on the organization. Furthermore, it was observed that there was a research gap, as up until now, a similar model did not exist for this subject. By combining the information from the literature and the empiric knowledge of the research team, the following model was created. The steps described below do not have to be taken in the sequence that they are presented for open innovation implementation. Depending on the conditions some steps can be taken simultaneously, out of the presented order, or not at all.



The proposed model is intended to show the actions that can take place during open innovation implementation in a comprehensive way.




5. How to Introduce Open Innovation to an Organization, Step by Step


In this part, a pathway of how an organization can implement open innovation is going to be presented. As it is shown in Figure 3 several steps must be taken in order to successfully adopt open innovation.



5.1. Step 1: Interest in Working with Open Innovation


Firstly, interest must be shown in order to adopt open innovation. As firms, research centers, etc., realize the benefits of open innovation, they want to be a part of it.



Research centers, by nature, were already connected to different partners in the innovation systems as they were acting as intermediaries. Nevertheless, there is pressure to make them even more interconnected in different ways with different partners in order to transfer knowledge [9].



Many questions arise about the implementation of open innovation in research institutes, mainly in the aspect of what open innovation offers to these institutes and what conditions have an impact on the success of open innovation. By analyzing the effects that open innovation had on different cases that pertained to public research institutes, it was found that open innovation had a beneficial effect on all examined [9,24].



It was also found that, for several projects pursued using open innovation, the networks that were created using this approach helped the generation of more and better ideas for innovation. As there were many participants in these processes more and more diverse ideas were presented, which in turn made it easier to select the best ones for each project. Furthermore, the created networks provided resources that could complement shortages that appeared in other participants. Lastly, it was found that these networks helped create legitimacy and support for the project and its results [9].



Another thing to keep in mind is how open the collaboration will be in terms of breadth and depth. Innovation performances tend to be hindered when a plethora of outside sources are used (breadth), while at the same time when not using a source efficiently enough, the benefits of the collaboration are being minimized [25].




5.2. Step 2: Capital for the Expenses Involved


Of course, for anything to begin, funding must be secured. Companies and industries have budgets specifically for research and development that can be spent for R&D either in-house or on collaborating projects with other organizations. However, some research institutes, universities, and other actors participating in an open innovation scheme might not have that luxury. In particular, universities can be notoriously underfunded and that can lead to severe problems relevant to their operation as research facilities, leading them to be constantly on the lookout for funding. There can be intervals where no funding is provided leading to issues with personnel retainment and leaving research unfinished [26]. Other extra costs can be attributed due to the lack of funding, e.g., equipment that remains unused for long periods can break down and without funding it can be impossible to fix.



If the different partners are not interested in ensuring financial compensation for everyone involved in the project, some of the participants might not engage fully or even drop out [27].



If one of the entities is dependent on the resources that someone else in the collaboration is providing, the receiving partner might change focus to primarily aid the giving partner. This might help the collaboration up to a point, but it can also be detrimental [28].



When public funding is involved, more problems can arise. Firms usually have very clear goals for their research, they want a successful outcome that will bring value to the company. However, the fact that research created with public funds should benefit the whole society instead of a single organization, can create a conflict of interest. Furthermore, there is always a risk of privatizing the research created with public funds when industries are involved. The private sector benefiting from public research organization outcomes can lead to severe consequences in the future when affecting downstream research [29]. Nevertheless, it has been shown that public funding mostly has a promotional effect on innovational pursuits [14].



Moreover, companies that participate in open innovation might create a fund for these reasons in order to bankroll their collaborators so that the research process goes more smoothly, as Huawei did [30].



Another aspect of finding funds when open innovation is concerned is crowdfunding. During crowdfunding, besides the funds that are gathered for the projects, there is almost always a back and forth between the project originators and the funders leading to a further beneficial collaboration [31].




5.3. Step 3: Pinpointing Projects That Will Be Pursued


Choosing which projects will be pursued in any kind of research is a difficult task. When different partners are trying to collaborate, there has to be a common goal for attempted research. However, even if the partners are pursuing a common goal, their motives for the research might be misaligned, a fact that can threaten the partnership. Since the partners are of different natures, there probably can be different motives as to how the research will be used. An industry wants to gain profit from whatever outcome occurs, while a university or a research center might want to do research in order to pursue purely academic interests, as it has been found that profit organizations have different criteria in selecting projects [32]. In any case, the projects that will be selected must be compliant with the participating members’ criteria, as well as be feasible with the resources available or be abandoned [33].



Research has shown that open innovation has usually a positive effect for all participants [24]. However, some research topics cannot be pursued while using open innovation. Companies that have been protective with their Intellectual Property (IP) might be unwilling to bring in outside help for fear of their internal secrets being leaked to the competition. All collaborations need an amount of trust between partners: if that does not exist it is impossible to have a positive outcome [34]. Even though the partners can have different motives for which to pursue collaborations and open innovation, there has to be a common ground especially when referencing the research that will go into the project.



For example, an industry desiring a partnership with a university would want the final product to be something from which can gain profit. A university might only want to further its research and might not be concerned if the result has a major practical use. Nevertheless, the partners must communicate their needs and wants, and find a project that can be followed through without though threatening each other’s success. When partners have overlapping interests, a project that might be just beneficial for one of the partners, might be one of the partners’ whole business model and pursuing it through open innovation will have devastating effects on them. Moreover, a situation such as this will cause the partners not to give their best selves, out of fear of destroying their own business or research [35].



For example, in Figure 4, some partners have decided to collaborate in order to pursue some common research interests. In the beginning, several projects are proposed. Out of these projects, some are only beneficial for some of the partners and are abandoned. Out of the rest of them, it is found that the infrastructure is not there for the project to proceed, while several others have IP issues that make them poor candidates for open innovation. These are also abandoned. The remained projects are the ones that will be pursued.




5.4. Step 4: Finding the Right Partners


The search for partners can go both ways. One of the future partners can have a project that they need support, therefore they search for others for help, or the future partners can have some similar interests and decide to pursue a common goal.



As in all collaborations, open innovation partnerships included, it is very important to find the right partners.



When different kinds of partners from different disciplines or different kinds of organizations are trying to cooperate, even more problems can arise. The clashing of different perspectives from different partners can lead to issues, such as who can provide the necessary solutions for each step of the collaboration [27]. Furthermore, research organizations and institutes might be unaware of the problems that are pertinent to industries and vice versa [27].



Another issue is that the different partners can contribute to the project in varying degrees meaning that some partners might complete the bulk of the work while other partners do the bare minimum [27]. This can lead to even more problems during the project implementation, especially when the partners are trying to benefit from whatever the partnership has produced.



Some of these issues have been solved with the use of intermediaries that can create broad networks, improve the conditions for a successful interaction, making it easier for compatible collaborators to find each other [36].




5.5. Step 5: Creating a Communication Channel between Partners


Proper communication channels must be established and maintained throughout the partnership from the initial steps to the final result. Communication is key in open innovation as it brings the collaborators closer to their cooperation. The partners can discuss the issues of the projects so they proceed on a timely manner and produce good grade results [30].



However, managing and organizing cooperation, especially when different disciplines are involved, has been proven to be difficult and complex, which in turn shows the need for new and improved procedures for collaborations [37]. It appears that knowledge sharing, and the collaborations needed for open innovation are becoming more and more complicated as time goes by [37].




5.6. Step 6: Negotiations for All Pertinent Partners


Every collaboration of this kind needs negotiations every step of the way. As there can be many partners from different backgrounds, several managerial, cultural, and other differences can be present, a fact that can hinder any kind of relationship [38,39].



Negotiations are vital for subjects concerning the collaboration, such as the division of labor among the partners, as it is very important to determine the responsibilities of everyone concerned to avoid overlaps and delays [40].



The subject of the utmost importance concerning these negotiations is how the intellectual property of everyone involved will be protected. During the collaboration process, the sharing of knowledge is essential for its smooth continuation. The openness of the collaborators, as well as internal managerial factors, can determine how the intellectual property can be protected [41], as many companies adhere to secrecy in order to protect their innovations [42]. Where open innovation is concerned, there is a paradox as the partners are trying to protect their knowledge that have to share at the same time, which shows a need for a specific knowledge exchange strategy [43]. Negotiations are critical in terms of what will be shared with whom, how the end results will be deployed and who will have the rights of the product. To this end, tools such as NDAs (Non-disclosure agreements) are usually signed. Other tools can be MOUs (memorandums of understanding) that can also define other aspects of the collaboration, copyright, licensing, patents, etc. [40,43]. All of this makes negotiations complex and long lasting and, in many cases, the negotiations take place from the beginning to the end of the collaboration [38].



In Figure 5, the different stages of the negotiation process taking place during a collaboration are presented to better demonstrate what happens. As mentioned before, negotiations start at the beginning of the partnership and continue throughout the partnership. All matters pertaining to the collaboration are explored and communicated to the partners (workloads, patents, etc.) every step of the way.




5.7. Step 7: Organizing the Partnership


As for organizing the partnership, there is not any typical procedure to follow. How the collaboration will be organized is affected by who the partners are and what they are trying to accomplish. A platform must be established, based on which the partners will work together. It would also be prudent to estimate the capabilities of the concerned partners in terms of open innovation in order to see how and with what this collaboration can be beneficial [44]. Decisions will have to be made depending on the project as to how the collaboration will proceed. The delegation of staff in the corresponding aspects of the project and how the communication among partners will be established are issues that will have to be solved in this stage of the collaboration so that the project will be concluded on time with the desired results. Outside factors, which could even be localized, must also be considered as they can affect the project considerably [45]. Changes must be made depending on the characteristics of each actor and the nature of the project [46]. This can mean anything from changing a few policies to a complete restructuring if needed. In any case, opening a previously closed-off section requires much more than just eliminating a few boundaries. When all the above issues have been resolved, the partners can apply themselves to the collaboration and move forward with the research needed for the project.



In Figure 6, a visual representation is illustrated, so that a better grasp of the impact that these changes can have on organizational level can be obtained. The organization before the changes, when working with closed innovation, had closed borders in order to protect its assets. When the decision to adopt open innovation is taken, some restructuring is deemed to happen. To adopt open innovation practices, the closed borders must be eliminated. If only a minor restructuring is needed, the borders will open up to a point so that the collaboration will proceed. The restructuring needed will not be as pervasive and the internal configuration of the company will remain similar, but with the adequate changes integrated. If major restructuring is needed for the adoption of open innovation, the internal configuration will be much more altered and the borders more open.




5.8. Step 8: Researching Projects Using Open Innovation—Project Management


When all the above issues have been clarified, it is time for the partners to start working towards the completion of the project. All the partners begin to provide input towards the completion of the project. Depending on the circumstances, it can be either a completely new project or the continuation of an existing one that now has the assistance of all the other partners. By combining everyone’s resources, hopefully, a result can be produced. According to Figure 7, the four partners are providing parts of their available resources so that the project can be realized.




5.9. Step 9: Evaluation of Project Outcomes and Their Adoption


In the end of the collaboration, hopefully, there is a final product. Each project must be evaluated to be adopted or released. All research has the potential to give false positives or false negatives. A false positive is a project that seemed successful but did not have the value that it was initially assessed as having. An example of this can be the creation of a consumer good that seemed promising, but the consumers rejected it for unforeseen reasons.



Additionally, false negatives are projects that seem to be a failure at first glance, have minor success or appear not to have great value, while the opposite is true. The collaboration must have a proper management division that will be able to correctly assess the value of all projects and decide the next steps needed. This can mean, depending on the project and the outcome, to use the result as it is, continue the research in order to improve it, send it to an entity that it will be better suited for it, or abandon it completely [47].



Thanks to the negotiations that took place in the previous steps, there is a structure in place as to how this product will be used and by whom. If the collaboration is successful, the outcome is evaluated and then, depending on what it is, it is either adopted by the partners or sent out to the market [30]. A positive outcome in these collaborations makes the partners more open to engage in future collaborations [48].





6. Discussion


Open Innovation and Problems


Open innovation has been found to have a positive effect on all the partners involved [9]. However, the process of transforming a firm that has a closed R&D to an open innovation concept can be a long and arduous multistep process, as many things must be considered in order to have a successful result.



A firm that has been working with a closed R&D process can have some issues when trying to switch to a more open one.



It has been registered that bias inside the company can slow down or even stop the transfer to open innovation. For example, firms with founders that were exposed to trust-reducing local contexts are less likely to engage in inter-firm R&D cooperation (Santa Clara, CA 95054, USA), where the role of trust is critical [49]. Imprinted biases can stall open innovation in ventures and make them ignore strategic options offered especially in old and established institutions. Moreover, firm characteristics can be a huge issue if the decision is made to implement principles of open innovation. Established firms and systems that operated with closed innovation put huge value on knowledge management and storage to protect their IP and profit from it in the future. Concerns about the IP can slow down or even derail collaborations. Negotiations are usually undertaken by specialized lawyers [50] from the beginning to the end of the project, in order the partners to agree on how it will be managed. This is because IP is the most valuable asset that can be created from these collaborations and its management will determine who will profit from it and how much [38].



Open innovation, in contrast, promotes collaborations and knowledge sharing. This means that changes are essential for the firm in order to adopt open innovation. These changes depending on the firm and the level of adoption for open innovation that the firm desires, can be the simple adoption of some of the practices of open innovation to the restructuring of the entire firm [46].



Distrust among the participants can also create issues as there is an initial level of distrust in collaborations even though research shows that after a successful collaboration the participants tend to be more open for the next projects [50].



Moreover, it has been found that for a successful cooperation, constant negotiation is necessary. Inter-organizational interactions can be very complex by nature as many actors, with often different interests, are participating, especially if cultural and managerial differences exist. Communication issues can also arise for these same reasons [38].



Furthermore, issues can also rise from a managerial standpoint concerning open innovation. Even though, in the long run, open innovation can save money and time, is a process that takes time, its implementation can require much effort, and many factors must be taken into count for it to be successful. The managerial staff must be competent enough and have the organizational skills needed so that issues and problems arising from the open innovation implementation are effectively handled, making the organization stronger without disrupting it [9,51]. Furthermore, changes might be needed to the managerial staff in order for the changes to be managed successfully [52]. Since the open innovation implementation can be such a huge project for an organization, managerial concerns can arise regarding whether the effort and resources spent and the risks associated with it are worth it. To this end, solutions are being proposed that take into account the relevant aspects of the organization in order to mitigate these risks and create value [53].



The importance of having a competent managerial staff that can accept changes and use this to their advantage has become even clearer in recent years. For example, digital transformation, which is connected to open innovation, took place in several companies, and competent managerial staff was needed for the changes to be successfully adopted, especially by employees [54] and even more so since the COVID-19 pandemic forced many companies and institutions to accelerate this transformation [55].



Besides the above problems, several other complications can and will derail open innovation. The failure of a step, as described above, will possibly lead to the failure of open innovation implementation and the subsequent collaboration.





7. Success Stories


The use of open innovation has already shown tangible results when used on multiple occasions. Many organizations and companies have applied open innovation initiatives and the results have confirmed the beneficial effects that were discussed above. To better perceive this significance, some examples of successful open innovation are presented below, and the steps presented in Figure 3 have been used by these organizations.



NASA (Washington, DC, USA) [56], Huawei (Shenzhen, China) [30], Amazon (Seattle, WA, USA) [57], Coca Cola (Atlanta, GA, USA) [58], and General Electric (Boston, MA, USA) [59] are some of the major corporations that have established open innovation programs and have seen many benefits considering research and new products. In these examples besides the monetary gains that were made, research was also promoted through open innovation.



7.1. NASA


An organization that has adhered to and implemented open innovation is NASA (Step 1, as seen in Figure 3). The National Aeronautics and Space Administration (NASA) has many projects concerning space exploration that are vital, as they determine if crew, supplies, and equipment will arrive at the programmed destination. To this end, NASA has successfully used open innovation practices to find solutions to many problems with the use of competitions with prizes, as well as crowdsourcing. The use of open innovation in NASA was cost saving and in addition helped NASA to be more interdisciplinary as it was in contact with partners that conduct research in sectors besides space exploration. This fact led also to new business opportunities as well as new jobs [60].



An example of resources that were utilized for open innovation is the use of the InnoCentive (Waltham, MA, USA), yet2.com (Needham, MA, USA) and TopCoder (Glastonbury, CT, USA) platforms. Several previously determined challenges were posted on the platforms, and it was found that all of the procured results were notable during the pilot phase (Steps 3–5) [56]. In later years, all of the results procured from these platforms were found to be substantial (Steps 8 and 9) [61].



Furthermore, InnoCentive created the Nasa@work internal crowdsourcing platform for sharing knowledge and to advance projects internally. This cumulated in the staff being able to upload problems through posting to the platform and other staff exploring the problem and crowdsourcing the solutions (steps 3–5 as seen in Figure 3) [61]. Another initiative that gave many promising results is the eXploration Systems and Habitation (X-Hab) Academic Innovation Challenge. This challenge helped link NASA with universities (Step 4) in order to find solutions for different issues concerning habitation in space at first before expanding to topics such as space manufacturing, life support, and plant growth. These projects that were outside of the purview of the initial challenge were pursued with this initiative with very promising results (Steps 7–9) [62]. Another open innovation initiative by NASA is the CubeSat Launch Initiative. Most participants were universities, schools, and not-for-profits (Step 4). The knowledge created from this program is being used in many other programs of NASA, as several knowledge gaps were bridged because of it (Steps 8 and 9) [63]. Furthermore, Hackathons, such as the International Space apps Challenge event that were also organized by NASA, promoted innovation performance through competitive intensity (Step 9) [64].




7.2. HUAWEI


Another example for demonstrating the positive effects of open innovation is Huawei. Huawei turned to open innovation to improve its R&D capabilities in a very efficient and cost-effective way (Steps 3–5 as seen in Figure 3). This turned Huawei from a company that, when established in 1987 was a seller of telephone switches, to be ranked #61 among the Fortune Global 500 companies in 2019 and was the first Chinese company in the Top 100 Best Global Brands by Interbrand@ in 2014.



For Huawei to bring open innovation to the company, several actions were taken which, in the end, culminated in the establishment of the Huawei Innovation Research Program (HIRP) (Step 2). This program has shown great results since its initiation, as it produced a successful way to pursue collaborative projects from start to finish. The result was that, in only a few years, through open innovation, the research pursued by the collaborators lead to major achievements in developing new technologies. In return, the utilization of the technologies created led to the rapid development of the company (Steps 3–9) [30].




7.3. Amazon


Amazon is a company that has put much attention into its R&D since its conception and has increased its expenses for this purpose over the years. Since the primary concern is customer satisfaction to the end that they will be return customers, Amazon harnessed users’ imputes through the internet using open innovation practices in order to create a better service so that they will keep coming back. Using user-driven innovation in conjunction with Amazon’s substantial R&D via open innovation principles led to the further development of the company, even during the COVID-19 pandemic [57,65] (Steps 1–9 as seen in Figure 3).




7.4. Coca Cola


Food companies, even though they are considered traditional and mature, have had very good outcomes when working with open innovation (Step 1 as seen in Figure 3) [66].



The Coca-Cola Company for example, one of the most prominent food companies, has used open innovation initiative for the ‘freestyle dispenser machine’. This machine had the ability to let customers everywhere mix their own flavors and suggest a new taste for Coca-Cola products (Steps 3 to 8). Moreover, a mobile application was made that could record, share, and replicate the customers’ new flavors. These flavors could also be evaluated by other customers (Steps 5–8). These evaluations could then be used for market research leading to insights for new product lines (Step 9) [58].




7.5. General Electric


General Electric (GE) is another example where open innovation was very lucrative. GE launched the ‘ecomagination’ initiative in 2005 (Step 1 as seen in Figure 3) [67] an initiative that was created for pursuing more environmentally friendly technologies. In the beginning, in conjunction with venture capital, funds were raised for investing in many startup ventures before the launch of the project (Steps 2 and 4). When the project was launched, submissions started pouring in from many different companies and institutions, and out of them the best were selected for funding, leading to the creation of several startups (Steps 4–8) [68]. Years later, Ecomagination has been proven to be a great success for GE. As well as environmental benefits, it has garnered more than USD 200 billion since its inception (Step 9) [59].




7.6. Failed Open Innovation: The Case of Boeing’s Dreamliner


Boeing’s Dreamliner was supposed to be one of the most advanced aircrafts ever made; however, several problems made the whole project a failure, even despite its promising beginning. Failures pertaining to the design of the airplane led to delays. In response, Boeing outsourced a huge portion of the airplane production workload (Step 3) to 700 local and foreign suppliers (Step 4) and gave them a share from the future revenues instead of paying them for the produced work (Step 2). This included design, manufacturing, etc., as Boeing would only do the assembly of the airplane. However, the fact that this collaboration had so many partners made coordination impossible (Step 7 failed) which led to delays from the suppliers (Step 4 failed) which in turn led to even further delays in the delivery of the airplane and Boeing had to pay penalties for failing to provide the airplanes in time [69]. By the time the supply chain issues were solved, the project was already 3 years overdue [70].





8. Conclusions


As has been demonstrated, open innovation can be very beneficial to firms, universities, research centers, and end-users. Collaborations between these partners have provided otherwise unattainable results at a small cost. Open innovation is ever expanding and now, with the use of digital tools, partners can be reached easily no matter where they are.



Nevertheless, several problems have come to light regarding open innovation. Differences between partners regarding issues such as, e.g., how the final product will be deployed, or how the workload will be shared, can put a damper to any collaboration. If these issues are solved successfully, the collaboration can proceed. However, if these differences prove to be insurmountable, the collaboration will simply not happen.



The model presented here is a comprehensive guide that analyzes, step-by-step, how an organization can adopt open innovation. The steps presented in this paper can be followed one-by-one for the implementation of open innovation by a research center, a corporation, or some other organization if needed. These steps can serve as an introductory guide for implementing open innovation that also showcases how complex and multifaceted this process can be. The proposed pathway can be used as a frame of reference for open innovation implementation for students and managers alike, as there is a lack of research in this subject.



Furthermore, in the good examples of open innovation practice that were presented above, it was addressed how the model has worked in real-life environments. The implementation of some or al, the steps was quite helpful for adopting open innovation. Moreover, it is also obvious from these examples that open innovation led these organizations in creating research and products that otherwise would be either unattainable or very difficult to obtain. These success stories also demonstrated the high monetary gains that open innovation brought to these organizations. In contrast, the example of failed open innovation showed some of the issues that can appear during implementation, as well as the effects that it can have on the organization.



The real-life examples provided here show that open innovation, when used properly, can give results that promote knowledge and have monetary benefits.



As previously mentioned, this research can be used as a starting point for someone who wants to be informed about open innovation and its implementation. However, this study has several limitations, some of which can be used for further research. Even though an effort was made for the proposed model to be as inclusive and detailed as possible, it was not feasible to include all the possible aspects of open innovation, its implementation, or all the factors that could affect it. Furthermore, this model has not been used in its current form for open innovation implementation in real cases. Future research can include these topics in a more substantial manner.
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Figure 1. (a) The four collaborators before adopting open innovation; (b) the four collaborators during their partnership using open innovation. 
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Figure 2. (a) The pieces of the solution from each partner coming together; (b) the final product produced using open innovation. 
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Figure 3. Steps taken during the adoption of open innovation. 
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Figure 4. An example of project selection process. 
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Figure 5. Different stages of negotiations during collaborations. 
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Figure 6. Schematic demonstrating the changes needed when implementing open innovation. 
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Figure 7. Schematic representing a collaboration. 
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