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Introduction: Nurses frequently innovate in response to operational failures, 
regulations, procedures, and/or other workflow barriers that prevent them from 
delivering high-quality patient care. Unfortunately, most nurse innovations do not 
diffuse to a broader audience, depriving other nurses from taking advantage of 
solutions that have already been developed elsewhere. This under-diffusion is 
problematic from a societal and welfare point of view. The goal of this paper is to 
understand how diffusion shortage of nurse innovations can be reduced.

Methods: We develop a qualitative case study of a medical makerspace at the 
largest academic hospital in the Netherlands. This medical makerspace reported 
unusually high rates of nurse innovation diffusion. Our data collection includes 
on-site observations, archival data, secondary data, and fifteen in-depth 
interviews with key informants. Qualitative coding procedures and a combination 
of deductive and inductive reasoning are used to analyze the data.

Results: Our data show that personal, organizational, regulatory, and market 
barriers prevent nurses from further developing and diffusion their innovations in 
an anticipatory manner. That is, because nurses expect that transforming an initial 
solution into an innovation that can be shared with others will be too time consuming 
and difficult they do not proceed with the further development. The medical 
makerspace that we investigated adequately addresses this problem by developing 
an innovation ecosystem that largely takes over the innovation and diffusion process.

Discussion: We provide a concrete example of how a medical makerspace, and 
innovation support systems in a broader sense, can be designed to more adequately 
address the nurse innovation-diffusion gap. The two main elements of the 
practical solution that we identified are: (1) Support systems should facilitate that 
others may lead the development and diffusion of innovations and (2) The support 
system should promote that actors integrate their functional specializations 
within an innovation ecosystem. We make two theoretical contributions. First, we 
contribute to understanding barriers in the nurse innovation-diffusion process 
from a psychological point. Second, we identified that an ecosystem perspective 
is beneficial to develop innovation support systems in which diffusion occurs 
more often.
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1. Introduction

Promoting nurse innovation has become an important goal in 
healthcare systems around the globe (1–3). In the United States, for 
example, the National Academy of Medicine stressed the importance 
of promoting an innovative mindset among nurses in their Future of 
Nursing 2020–2030 report (4). Successful nurse innovation is often 
associated with improved medical service quality, improved 
effectiveness of treatments, higher levels of job satisfaction, improved 
healthcare access, and simplified processes in delivering healthcare 
services (1, 5). Because nurses make up the largest segment of the 
healthcare workforce (6) and provide up to 80% of primary healthcare 
(7), nurse innovation is broadly recognized as a solution to combat the 
rapidly increasing healthcare costs, national nursing shortages, and 
variations in healthcare quality (8).

The American Nurses Association defines nurse innovation as 
actively seeking and developing new methods, new technologies, and 
new tools to promote health, prevent diseases, improve the quality of 
care of patients, and the application of these innovations via teamwork 
and support channels (9). Nurses have a long history of being 
innovative (10) but, ironically, are not always recognized as innovators. 
Nurses commonly find solutions to operational failures, regulations, 
procedures, and/or other workflow barriers that prevent them from 
delivering high-quality and safe patient care. Unlike physician 
innovators, they seldom develop technologically advanced innovations 
based on systematic research and development (8, 11–13). 
Unfortunately, the vast majority of the useful solutions that nurses 
develop do not result in systematic improvements in the healthcare 
system. Nurses typically do not commercialize their innovations and/
or do not share them with nurses working at other departments or 
other hospitals—that is, their innovations tend not to diffuse (3, 8, 13). 
While non-diffusion is a general problem within health care (11, 14), 
it applies to nurse innovations in particular. For example, studies show 
that patent applications by nurses are very rare (15, 16) and that it 
takes a staggering 15 years before an evidence-based nursing practice 
is broadly adopted (17). Non-diffusion is problematic from a societal 
and welfare point of view as nurse innovations generally have a high 
return on investment (3) and non-diffusion prevent patients from 
benefitting from healthcare improvements that are developed 
elsewhere (8, 12, 13, 18).

Various reasons for the lack of diffusion among nurse innovations 
have been identified. For example, scholars have pointed out that 
nurses commonly lack innovation abilities (1), technological abilities 
(19, 20), and knowledge about the innovation process (13, 21). Other 
scholars have identified that hospitals generally lack a culture and/or 
infrastructure that supports innovation (2, 8, 11, 22). Commonly 
proposed solutions to combat these issues are to make innovation or 
entrepreneurship a key element of the nursing curriculum (1, 21, 23, 
24) to appoint nurse innovation leaders (13), or to set up Nursing 
Innovation Centers that bring together faculty and students [see (22)]. 
Yet, despite implementing these solutions, innovation rates remain 
rather low (2, 8).

Recently, scholars and practitioners have been building on the 
principles of open innovation (25–27) to propose that innovation 
support systems such as fablabs (28), living labs (29), and medical 
makerspaces (3, 30, 31) are a key tool to increase nurse innovation. 
Medical fablabs, living labs, and makerspaces offer (staffed) 
innovation assistance facilities with access to prototyping equipment 

such as 3D printers and laser cutters (3, 28, 30). Although these 
facilities do enable nurse innovation, the diffusion of the innovations 
remains a persistent problem. For example, Svenson and Hartmann 
(3) conclude that medical makerspaces encourage nurse innovation 
and provide potential returns of up to 14 times the investment needed 
to establish and run the makerspaces. Yet, a very limited amount of 
this potential is realized, owning to the under-diffusion of the 
innovations (3).

The purpose of this article is to better understand why the nurse 
innovation–diffusion gap is so persistent and how this gap can 
be  overcome. Although significant progress has been made in 
understanding the importance of innovation support systems, studies 
mainly describe the process of setting up an innovation support 
system (31), the general design features (22), or outcomes (3). A more 
in-depth understanding of why innovation support systems oftentimes 
fail to generate high levels of nurse innovation diffusion is still missing. 
The research questions for this paper are:

Research Question 1: What prevents nurses from diffusing 
their innovations?

Research Question 2: How can innovation support systems 
be designed to adequately address these diffusion barriers?

2. Methods

2.1. Qualitative approach

We conducted a qualitative case study (32) of nurse innovations 
developed at Create4Care, the medical makerspace of Erasmus 
Medical Center. A case study was used to understand the complex 
phenomena of nurse innovation and diffusion in its natural, 
organizational setting. The case study was developed over two distinct 
phases. During Phase 1, one of the authors spent several months at 
Create4Care as an embedded researcher. She had full access to all 
internal databases of Create4Care, observed the various professionals, 
and had regular talks to better understand the context and diffusion 
processes. This first phase was mainly for exploratory purposes and 
the insights that we developed provided input for our subsequent data 
collection (Phase 2) in which we conducted in-depth interviews and 
collected secondary data.

2.2. Context

Erasmus Medical Center is the largest university medical center 
in the Netherlands. In 2021, Erasmus Medical Center had an annual 
turnover of € 2.1 billion, 659,317 outpatient visits, and 30,771 patients 
were admitted. The organization has 16,180 employees (including 
subsidiaries) and 4,093 students. Its three core tasks are patient care, 
education, and research.

Create4Care is the medical makerspace department of Erasmus 
Medical Center. Create4Care directly reports to the board of directors 
and is run by a professional manager (0.5 FTE). The department was 
set up by a nurse who identified that many colleagues struggled while 
developing and diffusing nurse innovations. In practice, the 
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department is very informally organized and the nurse that set up the 
department co-manages the medical makerspace with the 
aforementioned professional manager.

The case was brought to our attention as Create4Care reported 
unusually high rates of nurse innovation diffusion. To confirm if 
Create4Care indeed provided a best practice in terms of the diffusion 
of nurse innovations and was a suitable setting for our study [see (32)], 
our embedded researcher developed a database of all finished nurse 
innovation projects (26 finished projects and 19 ongoing projects at 
the time of the data collection). She documented all diffusion efforts 
done, and the relevant diffusion pathways [commercial or peer-to-
peer, see (33)]. In 24 out of the 26 nurse innovations, a substantial 
effort had been made to diffuse the innovation. Twelve of the 24 
innovations had actually diffused; four were in the process of being 
introduced to the market by producers (commercial diffusion) while 
eight were directly adopted by peers working at Erasmus Medical 
Center and other hospitals in the Netherlands (peer-to-peer diffusion). 
After understanding the context and verifying the unusually high rates 
of nurse innovation diffusion,1 we proceeded with Phase 2 (interviews 
and secondary sources).

An example of an innovation developed at Create4Care is the 
Infusion Lines Flower (see Figure 1). In early 2018, a nurse in the 
Children’s Intensive Care unit noted that the spaghetti of infusion lines 
surrounding hospital beds could create safety hazards as lines can get 
mixed up after moving patients. She, furthermore, noted that the 
organization of infusion lines was very time-consuming. After 
recognizing this problem, the development of a solution started in 
September 2018. In 2019, the first 3D-printed prototype was ready for 
testing at the Children’s Intensive Care unit. A version ready for mass 
production followed in early 2020. The invention was later that year 
adopted by a commercial producer and by the end of 2020 the product 
was introduced in the Dutch, German, and Scandinavian markets.

2.3. Sampling and reliability

The embedded researcher identified 13 key actors [see (34)] who 
took charge of innovation development and diffusion, based on her 
on-site observations and informal discussions. Each of these key 
actors was invited for an interview (and accepted our invitation). 
We  also scheduled two additional interviews with the founder of 
Create4Care to learn more about the broader context. The interviews 
were conducted over a two-month interview period. Theoretical 
saturation (32) was achieved after approximately 12 interviews, 
meaning that no additional insights that are of theoretical importance 
were obtained in the last three interviews.

The average interview time was about 75 min with interviews 
typically lasting between 60 and 90 min. To ensure reliability, 
we collected secondary data at Erasmus Medical Center/Create4Care 
(for example, annual reports and strategy reports), consulted external 
sources (practitioner magazines and newspaper articles), and used the 
field notes that were collected by the embedded researcher in Phase 1 

1 Von Hippel et al. (14) show that, across a large range of studies, diffusion 

rates to not exceed 25%. In comparison, more than 46% of the nurse innovations 

developed at Create4Care diffused to a broader audience.

to triangulate the interview data. Tables 1, 2 provide an overview of 
the data collected during Phases 1 and 2.

2.4. Data collection instruments and units 
of analysis

We developed a semi-structured interview protocol designed to 
identify the main barriers that prevent nurse innovations from 
developing and spreading their solutions to a broader audience, and 
the procedures used within Create4Care to overcome these barriers. 
Additionally, we asked respondents to reflect on their role within the 
process and their motives to participate in Create4Care. Wherever 
possible, we asked the interviewees to provide concrete examples of 
barriers, procedures, actions, roles, and motivations. For example, to 
better understand the procedures within Create4Care, we  first 
identified specific nurse innovations to which the interviewee had 
contributed. We asked the interviewee to provide examples of concrete 
actions that helped to develop and diffuse the nurse innovation(s). 
This approach, which prompts interviewees to provide specific 
examples of events, forces interviewees to use episodic memories and 
significantly increases the accuracy of the obtained information (35, 
36). After eliciting these specific events, we asked more open follow-up 
questions [for example, What elements were crucial? How did you do 
this? Why was the approach (un)successful? Why is this procedure 
being used?] to gain a deeper understanding of the innovation and 
diffusion procedures. Most interviews were conducted in person, on 
location, and in a private room. Because of COVID restrictions, a 
limited number of interviews were held online. We recorded each 
interview. The interview protocol did not change throughout the event 

FIGURE 1

The infusion lines flower developed at Create4Care.
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TABLE 1 Overview of primary data collection.

Phase 1

Exploratory data collection

Data collected by the 

embedded researcher

Data on the diffusion of finished nurse innovation projects, field notes, and on-site observations.

Phase 2

Interviews with key informants identified by the embedded researcher in Phase 1

Respondent # Job title Organization/

department

Years of working 

experience

Educational level Type of diffusion effort # of interviews

1 Senior business development 

manager

Erasmus Medical 

Center/Technology 

Transfer Office

4 Master Creating a suitable 

environment for 

diffusion/diffusing 

individual innovations

1

2 Junior business development 

manager

Erasmus Medical 

Center/Technology 

Transfer Office

1 Master Diffusing individual 

innovations

1

3 Coordinator Erasmus Medical 

Center/Create4Care

30 Ph.D. Creating a suitable 

environment for 

diffusion/diffusing 

individual innovations

3

4 Manager Erasmus Medical 

Center/Create4Care

7 Master Creating a suitable 

environment for 

diffusion/diffusing 

individual innovations

1

5 Electronic engineer Erasmus Medical 

Center/Create4Care

1 Master Diffusing individual 

innovations

1

6 Instrument maker Erasmus Medical 

Center/Medical 

Instruments 

Department

16 Bachelor Diffusing individual 

innovations

1

7 Business advisor Erasmus Medical 

Center/Medical 

Instruments 

Department

16 Bachelor Creating a suitable 

environment for 

diffusion/diffusing 

individual innovations

1

8 Quality advisor/nurse Erasmus Medical 

Center/Children 

Intensive Care

18 Bachelor Creating a suitable 

environment for 

diffusion/diffusing 

individual innovations

1

9 Nurse Erasmus Medical 

Center/Center for 

Home Ventilation and 

Respiratory Disorders 

in Children

27 Vocational training Diffusing individual 

innovations

1

10 Technical coach Rotterdam University 

of Applied Sciences

15 Master Creating a suitable 

environment for 

diffusion/Diffusing 

individual innovations

1

11 Technical coach Rotterdam University 

of Applied Sciences

24 Master Diffusing individual 

innovations

1

12 Technical coach Rotterdam University 

of Applied Sciences

22 Master Diffusing individual 

innovations

1

13 Entrepreneur BestCare Solutions 21 Master Diffusing individual 

innovations

1
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of the study. The interview protocol can be  found in 
Supplementary material A.

2.5. Data processing and ethics

We obtained approval for the research from the Ethical Committee 
of the Faculty of Law, Economics, and Governance (nr. 2020–019) of 
Utrecht University. All interviewees were informed of the data 
protection and processing procedures before the start of the interview. 
They verbally provided consent for using their anonymized data for 
research purposes. The interviews were fully transcribed for further 
data analysis. The interview data was stored on the secure servers of 
Utrecht University. We  used randomly generated numbers to 
anonymously store the interview transcripts. The interviews are 
displayed in random order in Table 1. In the text, we use #1 to refer to 
Interviewee #1 in Table 1 and #2 to refer to Interviewee #2 in Table 1.

2.6. Data analysis and rigor

We followed procedures recommended by Gioia et al. (37) for 
systematically analyzing qualitative data and achieving qualitative 
rigor. The approach of Gioia et al. (37) consists of three stages: open 
coding, axial coding, and selective coding. Open coding involves 
generating categories (also known as second-order codes) that are 
derived from interview transcripts, secondary data sources, and field 
notes. These are then linked to the categories to classify meaningful 
pieces of information. During axial coding, the categories are arranged 
into more abstract theoretical dimensions in a meaningful way by 
linking categories with each other and creating a hierarchical order. 
Finally, during selective coding, categories are organized around core 
explanatory concepts to build the theory (38).

To facilitate the coding process and knowledge sharing among the 
authoring team, we organized numerous discussion sessions. These 
discussion sessions took place directly after a set of interviews. The 
interview(ers) took the lead in describing the main insights that were 
obtained during the interview(s) to the other researchers. This ensured 
that all researchers were up to date with recent developments and 
helped in creating a shared understanding of the Create4Care case. 
After the interviews were completed, we  continued with these 
discussion sessions but switched to formal coding of the qualitative 

data where we made use of a combination of interview transcripts, 
secondary data, and field notes collected by the embedded researcher 
to triangulate the data. During all sessions, we relied on a combination 
of deductive and inductive reasoning [see (39, 40)] to situate our 
findings within existing work on nurse innovation and innovation 
diffusion. We used deduction to sort and structure the data according 
to the main components of the proposed framework (41). Induction 
was used to uncover unexpected findings and deepen the theoretical 
analysis of the data (37, 40, 41). Figure 2 provides an overview of the 
outcome of the coding process. During the axial coding, we created 
10 s order themes that related to three aggregate dimensions. The first 
aggregate dimension (Anticipatory mechanisms) describes the way 
innovation barriers affect the diffusion of nurse innovation. The 
second (Others take over a large part of the innovation and diffusion 
process) as well as the third aggregate dimension (Nurse innovation 
ecosystem) capture how the nurse innovation–diffusion gap is bridged 
at Create4Care.

3. Results

3.1. The nurse innovation—diffusion 
process: barriers that prevent diffusion

A full innovation and diffusion sequence consist of three phases 
(i) problem identification and prototyping to fix the problem, (ii) 
continued development, and (iii) diffusion (42). Continued 
development may include design, technological development, market 
research (to check for market potential and if there are similar 
solutions that are already available), certification, and business model 
development. Diffusion includes setting up production, distribution, 
and sales in the case of commercial production. In peer-to-peer 
diffusion, it is a less demanding task but still includes sharing design 
files with instructions in a format that other people can understand 
(43). During our interviewees, a large variety of barriers were 
mentioned that prevent nurse innovations from spreading to a broader 
audience. Based on previous work (1, 3, 11, 22), we grouped these 
reasons into personal, organizational, regulatory, and market barriers 
(see Figure 2). Personal barriers capture the innovation and technical 
skills needed to develop an innovation, as well as a nurse’s belief in 
those innovation and technical skills (44). Organizational barriers 
capture hospital-specific structures that prevent the development of 
nurse innovations. Think of barriers such as insufficient time to 
develop innovations or bureaucratic procedures that stiffen further 
development (11). The complex certification processes that are needed 
for introducing medical innovations, and medical devices that require 
Class I or higher certification, in particular,2 create regulatory barriers 
for nurse innovators. As documented in the literature [see (3)] and 
noted by one of our interviewees, “…meeting all regulatory 
requirements is a very time-consuming and expensive process” (#12).

While personal, organizational, and regulatory barriers have been 
discussed in previous nursing innovation studies (2, 8, 11, 19, 20), 

2 Class I medical devices are devices that have a low to moderate risk to the 

patient and/or user. Higher classes (Class II or III) medical devices have 

moderate to high risks to the patient.

TABLE 2 Overview secondary data sources.

Secondary data sources

Type of data source Coverage 
in years

Total number 
of documents

Hospital strategy plan 2019–2023 2019–2023 1

Annual report Erasmus Medical Center 2018–2020 3

Hospital online blog 2020–2021 4

1

Newspaper articles 2020–2021 3

Create4Care page on the Website of 

Rotterdam University of Applied Sciences

2020–2021 1

Practitioner magazines 2016–2021 4
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market barriers have received little attention. Market barriers relate to 
the expected market size and the ability to protect nurse innovations 
via patents. Sufficient market size and protectability are key conditions 
for commercial diffusion because businesses/investors want to see the 
market potential and a viable business model to recoup their 
investments (16, 45). Unfortunately, patents are often not an option 
because of the low-tech nature of a lot of nurse innovations (# 1, 2). 
Nurse innovations mainly address unfulfilled user or patient needs 
and are developed in response to practical problems that nurses 
experience on the job instead of emerging technology. The highly 
practical nature of nurse innovations is well-captured by the following 
quote by one of the nurses (#8) “initial solutions are sometimes put 
together with duct tape.” It is also described in Debono et al. (12) and 
O’Harra et al. (8). Almost all interviewees furthermore mentioned that 

a considerable percentage of the innovations that were being 
developed at Create4Care was not commercially viable because of 
“insufficient market size.” The interview extract below provides a good 
example. In this example, the innovation addresses a specific problem 
that nurses of the Children Intensive Care Unit experience. The 
market potential is very limited, but the innovation does offer 
substantial value to the nurses themselves.

“Children that receive heart surgery at the Children Intensive Care 
unit often have a chest drain, which are very large tubes around 
their heart area. These tubes run down to a vacuum pump to drain 
any moisture that occurs during or after surgery. The reservoir that 
collects the moisture needs to be  placed on the floor under the 
patient’s bed. To check the amount of moisture, a nurse needs to read 

FIGURE 2

Final coding scheme.
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the display on the reservoir. During the evening and night shifts, 
we need to do this every hour to check if there is any bleeding or 
alike. We could lift the reservoir, to check the display. However, 
because of the large tubes, the kids would immediately notice this 
and it can be quite painful for them. … So, every hour one of the 
nurses needs to get on their knees to check the display. Not only the 
colleagues who are 25 years old but also our colleagues of 60 years 
and older who are already frequently struggling with back issues. 
We  do not have one of these patients, but usually 2 or more 
simultaneously. … The solution that was developed is a separate 
remote display, which is very helpful, especially for our older 
colleagues” (#8).

If there is insufficient market size, peer-to-peer diffusion is the only 
way a nurse innovation can still diffuse. Yet, peer-to-peer diffusion is 
particularly complex in the medical sector. Regulations do not only 
apply to commercial producers but “other hospitals are also not able to 
adopt an innovation without certification being complete” (#1). This 
implies that approximately the same effort and investment are needed 
for peer-to-peer diffusion as for the development of commercial 
innovations without any means to recoup these investments.

In Figure  3, we  position the different barriers in the nurse 
innovation–diffusion process. Previous research suggests that 
innovation education (8, 13), technical expertise (19, 20), and 
innovation support systems (2, 3) would significantly lower the 
barriers for developing and diffusing a nurse innovation. Yet, even 
when nurses possess the right expertise and are provided with 
sufficient support, developing a viable solution may still be “a bridge 
to far” (# 7, 8). Intentional actions, such as deciding to develop a 
solution or innovation, are regulated by forethought; individuals form 
beliefs about what they can and cannot do, set goals, and plan courses 
of action that are likely to produce desired outcomes (46). Nurses thus 
need to assess their ability to act, need to determine their aspiration 
level, how they will proceed, and need to assess the likelihood success 
(47). These assessments are relative to the opportunity that the nurse 
has identified and any other goals that they might have [see (47, 48)]. 
In other words, innovation competes with the professional and 
personal goals of the nurses. Given these competing goals, the long 
and complex development trajectories of most nurse innovations 
significantly reduce the likelihood that a nurse foresees beneficial 
outcomes and decides to proceed. We thus posit that these barriers do 
not only create objective constraints, they also function as anticipatory 

mechanisms. That is, because nurses anticipate that personal, 
organizational, and regulatory barriers reduce the likelihood of 
success, they do not proceed with the further development. In 
addition, if it is clear a priori that market potential might be limited, 
market barriers also affect the likelihood that nurses continue with the 
development in an anticipatory manner (this secondary effect is 
visualized by the dotted lines in Figure 3).

3.2. Overcoming the nurse innovation—
diffusion gap: the Create4Care approach

After developing a more in-depth understanding of the nurse 
innovation–diffusion gap, we focus on how Create4Care manages to 
overcome this gap. Figure  4 provides a stylized overview of the 
innovation and diffusion processes used within Create4Care. 
We discuss the approach in more detail below.

3.2.1. Actors with heterogenous functional 
backgrounds take charge of innovation and 
diffusion

A nurse innovation project at Create4Care can start in various 
ways. A nurse innovator may reach out to Create4Care when he or 
she has developed an initial prototype. The nurse innovator can 
then make use of the makerspace facilities (which include 
prototyping equipment such as 3D printing devices and laser 
cutters) to develop a more professional prototype and support from 
various professionals (technical, commercial, and legal support). 
This route is very similar to that of other medical makerspaces (3, 
30, 31). In practice, however, it is seldom used. Instead, in most 
projects, Create4Care takes the lead in the (further) development 
of a prototype. Many of these projects are still initiated by nurse 
innovators who showcase prototypes to Create4Care but nurses, 
patients, and caregivers can also come to Create4Care with ideas for 
improvements or problems that they experience. In addition, 
Create4Care actively searches for ideas and solutions. One of the 
Quality Advisors/Nurses (#8) explains how Create4Care is involved 
in the quality control procedures:

“All misses or near misses related to patient safety, technical failures, 
etc. are reported in our quality system. Before Create4Care, we then 
discussed among ourselves [the nurses and Quality Advisors] how 

FIGURE 3

Barriers to nurse innovation diffusion.
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we could solve these issues. Nowadays we take a more systematic 
approach in which we, with the help of Create4Care, first search for 
existing solutions that are already available on the market. If 
we cannot find a suitable solution, Create4Care can sometimes help 
to develop a solution.”

The coordinator of Create4Care (#3) explains how Create4Care 
promotes that nurses and patients also proactively voice potential 
problems and/or solutions.

“My colleagues and I frequently present our innovations internally 
and promote Create4Care. Through these presentations, nurses 
learn about our work and what we can do for them. Increasingly, 
nurses and patients manage to find us. We carefully listen to their 
ideas and suggestions and select the ones that we believe we can 
develop a solution for.”

Combining the active search with the input via the quality control 
procedures ensures that there is a constant inflow of new ideas 
and innovations.

In developing the initial prototype or further developing an 
existing prototype, Create4Care relies to a large extent on 
students from a local polytechnic (Rotterdam University of 
Applied Sciences). These students work on innovations as part 
of their healthcare technology minor and are supervised by three 
coaches of the polytechnic. Approximately 70 students 
participate on an annual basis. This not only ensures that 
development costs remain rather low, but students also bring 
new perspectives and ideas.

“We [nurses] have a fairly limited view on the type of solutions that 
can be  implemented and oftentimes lack technical expertise. 
Students with a background in healthcare technologies develop 
totally different ideas and make use of different types of technologies 
and materials. This allows us to develop better solutions for our 
patients and colleagues” (#8).

In the later stages of the development process, the coaches may 
also contribute to the further development themselves and ensure a 
certain level of ‘professionalism’. “An innovation is never finished when 
the students are ready to graduate. …They sometimes also lack the skills 
and expertise to make that final step. We then step in to make that final 
step” (#10). Experts are then also brought along. For example, an 
instrument maker (#6) from the Medical Instruments Department 
can assist in developing a prototype that meets “the requirements for 
clinical testing” (#6) and Create4Care has a part-time electronic 
engineer (#5) for projects that include more complex hard- and 
software applications.

Relying on students and professionals for the further development 
of the innovations does not mean that the prospective users (nurses, 
patients, caregivers) of the innovation are not involved in the 
development processes. Each new prototype is discussed with the 
users for feedback and their input is integrated into each iteration. 
Feedback is provided informally, but there are also more formal 
sessions. These sessions vary from in-depth sessions with quality 
advisors or nurses to shorter group sessions. “We have regular 
professional development sessions with large groups of nurses being 
present. We use some of these sessions to discuss the innovations that are 
being developed at Create4Care and provide feedback” (#8). When an 

FIGURE 4

Overview of the innovation and diffusion processes within Create4Care.
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innovation is targeted toward patients or caregivers, Create4Care 
develops the innovations in collaboration with patients/caregivers 
and/or patient organizations. These feedback loops are visualized at 
the bottom of Figure  4 as moving from the nurses, patients, and 
caregivers, to the students, nurses, and professionals that develop the 
innovations. Through their feedback, nurses and patients mainly 
contribute to the prototyping and clinical testing phases (see Figure 4). 
In addition, in the case of peer-to-peer diffusion, they are often the 
first adopters and serve as innovation ambassadors.

Strikingly, market and regulatory diffusion barriers are addressed 
already early in the development process by involving the Technology 
Transfer Office and Medical Instruments Department:

“Each project starts with basic market research to check if there are 
similar solutions available and to determine if there is market 
potential” (#12). “Partially this is to check if there are any liabilities 
or risks that we need to take into consideration” (#1) “I often have 
discussions very early in the development process with the students 
and coaches about how they can ensure that the innovation that 
they develop will meet certain standards. Can the innovation 
be designed in such a way that it meets hygiene standards, that it 
can be  easily cleaned, and that it can be  easily produced? This 
prevents problems and delays later in the development process “(#6).

In addition, feedback is provided by commercial parties that have 
already adopted some of the nurse innovations developed at 
Create4Care. “I sometimes provide feedback on the innovations that are 
being developed. Some of these innovations are not interesting for me or 
my company, but I find it important to still help in developing these 
innovations and to provide feedback from a more commercial 
perspective” (#13). In some cases, this early involvement directly 
enhances the likelihood of diffusion. “As part of our marketing 
research, we are sometimes able to identify partners that might want to 
sponsor some of the development costs or we  can set up a joint 
partnership with a commercial producer” (#1).

Commercial diffusion is not the end goal for all innovations, but 
it is “… an important way to recoup some of the upfront development 
costs, which can be substantial. Most commonly, we work with licenses” 
(#1) Create4Care has set up several channels (including social media 
channels, networks, and websites) to find commercial parties that are 
interested in adopting the innovations. “The advantage of not being 
able to patent many of the innovations is that we can more easily share 
innovations. We  are able to attract considerable attention for our 
innovations via social media channels” (#2).

To mobilize peer demand (within and outside Erasmus Medical 
Center) for innovations that cannot be  commercially diffused, 
members of Create4Care present innovations during seminars and 
submit articles to newsletters and alike. Another way is to freely share 
innovations. For example, “For the Ampule Breaker project, 
we distributed copies to other nurses” (#10). Another option is to freely 
share innovations with the outside world. “If there is demand at the 
(inter)national level but it is too small for commercialization, we just 
share the CAD or design files with other hospitals and tell them ‘produce 
it yourself.’” (#12).

3.2.2. Critical success factors
In summary, Create4Care has two unique features compared to 

other medical makerspace programs (3, 30, 31). First, Create4Care does 

not exclusively rely on nurses for the further development of innovations 
and even actively searches for problems that nurses experience on the 
job. Second, despite the significant development costs of some nurse 
innovations, peer-to-peer diffusion is actively promoted. We identified 
five critical success factors that support this approach: an innovation 
ecosystem approach, community, ecosystem co-evolution, balancing 
profit and non-profit, and top-management support.

3.2.2.1. Innovation ecosystem approach
Create4Care brings together a variety of internal (nurses, quality 

advisors, and technological and legal experts) and external (patients, 
parents/caregivers, patient organizations, educational institutions, and 
producers) actors. Each of these stakeholders provides crucial input, 
sometimes voluntarily (that is, without receiving direct compensation), 
and works together within an innovation ecosystem. We use the term 
‘ecosystem’ to emphasize that innovation and innovation diffusion is 
enabled through complex interactions between actors and between 
actors and their physical environment (the makerspace facilities) in a 
community setting [see (49)]. Cooperation is the result of actors 
achieving complementary benefits by integrating their functional 
specializations. Think of nurses who benefit in the long run from 
providing the students that work on the innovations with detailed 
feedback or legal specialists who are willing to provide feedback in the 
early phases of the innovation process to prevent “costly losses and 
problems later on” (#2). The makerspace facilities facilitate informal 
interactions by providing a physical place where actors can meet, 
exchange ideas, and can work together on innovations. The 
coordinator (#3) and manager (#4) of Create4Care act as ecosystem 
leaders (50) in that they actively promote frequent interactions, 
institutionalize them via working procedures/best practices, and 
expand the ecosystem by inviting new members to contribute and 
benefit from the innovations developed at Create4Care.

3.2.2.2. Community
In organizations, a recognizable community emerges when the 

population develops an identifiable cohesion that derives from 
mutualistic interdependence among actors with complementary 
differences [see (51)]. Despite the large differences between actors in 
terms of their functional specialization, there is a strong cohesion and, 
almost without exception, interviewees indicate that advancing the 
nursing profession and/or helping patients is a decisive factor in why 
they are motivated to contribute to Create4Care. The strong 
motivations of the actors to contribute to a common cause result in 
additional effort (for example, “I invest substantially more time than 
formally required” #1) but also help to overcome arguments that might 
arise as a result of interdependencies and conflicting interests. The 
coordinator (#3) explains that safeguarding the community is a key 
goal. “We just received an additional budget to hire new people. Yet, 
we do not hire people simply because we have the budget for it, even if 
they have the right expertise. New people need to fit in the community.”

3.2.2.3. Ecosystem co-evolution
Importantly, Create4Care was not planned for as a result of 

corporate policies. Rather, it was established bottom-up by a nurse 
innovator (currently the coordinator of Create4Care) who worked at 
the Children’s Intensive Care unit of Erasmus Medical Center. Nurses 
at the Children’s Intensive Care unit commonly have to rely on 
workarounds to perform their day-to-day duties as “providers of 

https://doi.org/10.3389/fpubh.2023.1209965
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Rigtering et al. 10.3389/fpubh.2023.1209965

Frontiers in Public Health 10 frontiersin.org

medical equipment do not always offer suitable solutions for kids” (#8). 
During the further development of one of his own inventions, the 
coordinator developed an extensive network within Erasmus Medical 
Center and strong connections to the technical and legal divisions of 
the hospital. After realizing that other nurse innovators struggled 
with the same type of problems as he faced during the development 
of his invention, he started helping his co-workers and mobilized his 
network to advance the nurse innovations of others. At first, 
he mainly targeted colleagues in the Children’s Intensive Care unit 
and started venturing out to other departments soon thereafter. 
Especially in the early years, Create4Care was mainly a personal 
project. It was financed by temporal budgets/grants, operated as an 
informal network, and many actors contributed voluntarily. It took 
more than 5 years before permanent funding was obtained and 
Create4Care was officially recognized as a department of Erasmus 
Medical Center. As Create4Care grew in terms of size and level of 
professionalism, the interdependencies between ecosystem actors 
changed. In particular, creating a more professional nurse innovation 
development trajectory also made the process more complex and 
formalized. This can easily result in a situation in which the process 
becomes more ‘detached’ from the nurses that contribute the ideas/
prototypes and provide feedback. To prevent this and to ensure that 
the nurses understand why certain steps are crucial, Create4Care has 
developed several nurse innovation training programs in recent 
years. These programs mainly target innovation literacy and range 
from short workshops to dedicated training programs (consisting of 
online and in-class elements). Educating the nurses in innovation 
enhances mutual understanding, increases their confidence to 
participate in the development of innovations, and ensures that the 
different parts of the ecosystem co-evolve.

3.2.2.4. Balancing profit and non-profit
Because of the substantial development costs of most nurse 

innovations, recouping some of the investment costs via licensing 
agreements or other means may be  tempting, and considered 
necessary. Yet, Create4Care recognized that a predominant focus 
on commercialization would be disadvantageous, and can derail 
diffusion. Except for the business managers (#1,2) and 
entrepreneur (#13), all interviewees indicated that “enjoyment” 
and/or “contributing to a greater good” was their main motivation 
for participating in Create4Care. Focusing only on nurse 
innovation with commercial potential and neglecting other types 
of innovations that bare significant use value is expected to drive 
out these intrinsic motivations (52, 53). Hence, within 
Create4Care’s culture, it is well-accepted that many innovations 
will never be commercialized, but can still be very meaningful 
when diffused freely to peers.

3.2.2.5. Top management support
Importantly, freely sharing innovations certainly helped to 

accomplish diffusion, but for this diffusion pathway, top management 
support is indispensable. Many nurse innovations mainly generate 
indirect benefits [more effective treatments or a less physically 
demanding working environment, see (1)]. These benefits are difficult 
to quantify in economic terms (3), and investing in the development 
of nurse innovations without commercial potential is difficult without 
(financial) support from hospital management. Interestingly, 
we observed that top management support at Create4Care was not 

provided in advance. As mentioned, Create4Care emerged bottom-up 
as a result of the actions and efforts of a nurse innovator. He (#3) 
provided a proof of concept and, especially in the early years, asked 
for modest budgets that he knew they could not be refused (e.g., using 
schooling budgets to develop prototypes and produce initial test 
versions). As Create4Care grew, their approach became more 
professional, and, with the help of the manager of Create4Care (#4), 
the nurse innovator started formalizing and embedding Create4Care 
in the organizational chart. Only after obtaining a critical mass and 
showing numerous successful projects, permanent and larger budgets 
were asked for, and allocated. Top management was always supportive 
and considered it a low-risk investment, given the promising results 
that Create4Care’s contributors could demonstrate at the time. Hence, 
although supporting and investing in nurse innovations with limited 
or uncertain economic benefits is essential, top management support 
was not such that big budgets were allocated without convincing 
results. In contrast, as an evaluation of the Swedish Makerspace 
Program by Svensson and Hartmann (3) shows, top-down 
implementation of makerspace programs (with large budgets being 
assigned in advance) is unlikely to optimize the diffusion of 
nurse innovations.

4. Discussion

Our study shows that nurses face multiple barriers that keep 
them from innovating, from solving their personal problems, and 
from spreading their innovations to the benefit of all in particular. 
These barriers are unlikely to be  fully removed via training and 
innovation support systems. Based on our case study, we provide a 
concrete example of how a medical makerspace, and innovation 
support systems in a broader sense, can be  designed to more 
adequately address nurse innovation and (in particular) diffusion 
barriers. The two main elements of the practical solution that 
we identified are: (1) Support systems should facilitate that others 
may lead the development and diffusion of nurse innovations and 
(2) The support system should promote that actors with distinct 
expertise and skills (nursing, engineering, commercialization, legal) 
integrate their functional specializations within an innovation 
ecosystem. Below, we discuss the implications of these findings in 
greater detail.

4.1. Implications and contributions

Previous studies of nurse innovation have mainly focused on 
removing innovation barriers and tended to ignore subsequent 
diffusion to the benefit of other nurses. With regard to removing 
barriers, innovation training (1) or educational programs (8) improve 
opportunity recognition and may equip nurses with the necessary 
skills to conduct basic market research, develop their innovation, and 
pitch an innovation to potential investors [also see (53)]. Also, medical 
makerspaces provide access to the necessary equipment to develop 
prototypes and can connect nurse innovators to commercial 
businesses (3, 31). Yet, even when nurses have the right skills and are 
provided with technical support, innovation within the medical sector 
remains a lengthy and complex process and diffusion is not evident 
(11, 14). In addition, because most innovations are developed in 
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reaction to practical problems (8, 12) and do not generate significant 
commercial value (14, 54), only nurses who are intrinsically motivated 
and enjoy the innovation process are expected to further develop and 
diffuse their innovations (46, 47, 52, 53).

Our case study shows that both the rate and diffusion of nurse 
innovations can be significantly improved if others take a leading role 
in the development and diffusion processes. These others often bring 
specialized knowledge, skills, and competencies that nurse innovators 
may lack. This significantly lowers the barrier for nurses to engage in 
innovation, speeds up the innovation process, and increases the 
likelihood of diffusion. In other words, external contributors help to 
bridge the gap between early innovation prototyping, and broad 
diffusion via commercial or peer-to-peer pathways. Crucially, our case 
illustrates that the involvement of others does not have to be at the 
expense of nurses’ involvement and that large groups of nurses can still 
be actively involved in the development process.

We make two contributions that are of theoretical importance. 
First, we  contribute to understanding barriers in the nurse 
innovation–diffusion process from a more psychological point of 
view. In this view, barriers are not objective in that they can be fully 
removed via training/education and technical support systems. 
Instead, perceived barriers are both objective and subjective, and 
interact with one another within a complex system of personal and 
work-related goals (44, 46, 53). This has important implications for 
practice. For example, it implies that the likelihood of further 
developing and diffusing a nurse’s innovation is not only a function 
of ability and creativity but of factors such as age or hierarchical level. 
Older individuals, for example, may value personal over professional 
goals while individuals who just started their nursing career may 
erroneously lack confidence in their innovation abilities (46). Fully 
taking advantage of nurses’ innovation potential would necessitate 
that hospitals develop support systems in such a way that nurse 
innovators are not forced to take a leading role in the further 
development of the innovations.

Second, we  identified that an ecosystem perspective on nurse 
innovation and diffusion is beneficial to develop better systems, that 
is, innovation systems in which diffusion occurs more often. The 
benefits of a more open approach to innovation (25–27) are currently 
gaining traction within the medical sector. An ecosystem perspective 
to open innovation highlights the importance of complementarity 
among a set of actors with diverse functional skills (49). Given the 
technological, legal, and market complexities of nurse innovations, it 
is unlikely that a single nurse possesses all the necessary skills to 
develop and diffuse her/himself, or has a network that can help with 
all relevant tasks. In an innovation ecosystem, individuals do not only 
maximize their own output but also that of others within a community 
setting. The conditions under which individuals show altruistic 
behavior and maximize the output of others are likely to be dependent 
on the goals and way the ecosystem is being managed. For example, a 
nurse innovation ecosystem that balances diffusion via commercial 
and peer-to-peer pathways and has no requirements to break-even is 
more likely to elicit altruistic behaviors among members of the 
ecosystem, compared to one with a focus on commercial revenues 
only. Similarly, an ecosystem that is developed bottom-up and is 
tailored to the needs and requirements of all members of the 
ecosystem would elicit higher levels of engagement and commitment 
among members. The critical success factors that we identified provide 
a starting point for further investigating and understanding the inner 

workings of such nurse innovation ecosystems and why these 
ecosystems are successful.

4.2. Practical implications and 
transferability of the results

Our study provides important insights for managers and 
practitioners that seek to open a medical makerspace (or fablab or 
living lab) to facilitate nurse innovation. Most crucially, our study 
shows that a one-size-fits-all approach to creating a medical 
makerspaces is unlikely to be successful. The founders of Create4Care 
have built their innovation ecosystem over a long period of time; 
initially at a very modest level with limited budgets, and lots of 
voluntary contributors from their emerging network. While doing so, 
they incorporated best practices developed elsewhere but carefully 
tailored these best practices to the local innovation requirements of 
nurse innovations at Erasmus Medical Center. In addition, they 
balanced the needs of different stakeholder groups (nurses, patients, 
the hospital, and commercial parties) in such a way that there was not 
one beneficiary, but that all groups equally benefited from their 
contributions to the ecosystem. Only later, they gradually expanded 
their activities and started asking for larger budgets, permanent lab 
facilities, and official organizational embeddedness. These findings 
imply that makerspaces that are created in response to corporate 
policies, that is, planned in top-down fashion, are likely to be less 
effective than those that emerge bottom-up. To managers and other 
decision-makers, it is recommended not to try to create a makerspace 
or similar support system for nurse innovation overnight. Instead, 
back up those employees who truly care about innovation and 
diffusion processes, and facilitate an emerging ecosystem.

Other important design factors for nurse innovation makerspaces 
directly follow from the critical success factors discussed in section 
3.2.2. First, it is important to nurture a community feeling, by 
developing a shared purpose first: solving nurse innovation problems 
with practical solutions, from which any nurse can benefit—regardless 
of the most appropriate diffusion pathway (commercially, peer-to-
peer, or both). Second, avoid the emerging ecosystem’s activities are 
derailed by excessive revenue targets, to be obtained from licensing or 
selling nurse innovations to commercial partners (which is the 
dominant mode of most technology transfer offices at hospitals). In 
our case study, this pitfall was avoided by recognizing the importance 
of nurses as a source of innovation, and by accepting some social 
responsibility for diffusing innovations even for free. Thirdly, top 
management support is indispensable for such a system to sustain in 
the longer run, if only because part of the makerspace’s expenditures 
have to be covered by lumpsum budgets. Recall, however, that top 
managers at Erasmus Medical Center never felt that budget requests 
from Create4Care’s initiators were unrealistic, because viable and 
generally useful innovations could be  demonstrated first—the 
recommended gradual process of bottom-up emergence secured that 
all investments were considered low-risk.

4.3. Limitations and future research

Our study had limitations that translate directly into 
recommendations for continued research. First, although our findings 
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mainly emphasize the importance of “customizing” makerspaces to 
the needs of stakeholders, the relationships that we identified may not 
fully transfer to other settings or even other hospitals. Erasmus 
Medical Center is a research-intensive environment with a proven 
infrastructure for the development and diffusion of physician-led 
innovations. Create4Care makes use of this infrastructure (e.g., legal 
and technical expertise). Even though this is a representative setting 
for academic hospitals in the Netherlands, it is not necessarily 
representative of all academic hospitals and peripheral hospitals in 
particular. This creates the need to study the effectiveness and inner 
workings of nurse innovation ecosystems in a variety of settings 
and countries.

Second, we did not design this study to uncover individual-level 
decision-making processes. Instead, as is common in qualitative 
research, the anticipatory mechanisms that we identified surfaced as 
the result of our combination of deductive and inductive reasoning 
(39–41). Future studies should follow up on these findings and such 
research may want to make use of experimental designs to test the 
causal relationships that we propose.

Third, in terms of the selection of the interviewees, we relied on 
our on-site observations of the innovation and diffusion processes to 
select key informants. This is both a strength and a limitation. 
Follow-up studies may consider including a broader range of 
stakeholders that are involved in the nurse innovation–diffusion 
processes such as patients, patient organizations, commercial parties, 
innovation adopters, and top-level managers.

Finally, our study provides a starting point for understanding how 
successful nurse innovation ecosystems work, but the interrelations 
between the different critical success factors should be investigated in 
future work. These interrelations are also likely to change with the 
advent of artificial intelligence (AI) and tools such as ChatGPT and 
Bing Chat becoming available to a wide audience. Such tools empower 
nurses to develop different types of nurse innovations and the 
successful diffusion of AI-powered nurse innovations via peer-to-peer 
or commercial pathways likely requires different types of competencies 
and external relationships.
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