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Introduction: Healthcare spending constitutes a significant portion of the GDP. Innovation in healthcare lowers healthcare costs,
improves outcomes, and increases service quality. Several obstacles hinder most innovative efforts in hospitals. Often, supposed
innovative solutions fail to address existing problems, which do not translate into market-ready solutions and lack economic or social
value. Improvement in healthcare innovation efficiency saves a considerable amount of money and lives. Drawing on multidisciplinary
frameworks of concepts and practices, this study develops a comprehensive methodology to change hospital innovation organizational
culture and improve innovation efficiency.

Methods: We designed a comprehensive framework from problem identification through to product development involving university
students, clinical staff, medical doctors, and researchers working in a non-medical field. Two novel elements were introduced: the
Champion Network (medical doctors) and the Discovery Team (members working in non-medical fields). Coaching and mentoring the
clinical staff, innovation courses, and hackathon events for students were also part of the framework.

Results: The involvement of clinical staff and the number of intellectual product disclosures increased by an average of 10% in 3
years despite the COVID-19 challenge. Out of many identified problems, IT and process management stood out as a general problem
in all eight analyzed clinics. Hardware and software solutions were created during the program.

Discussion: Introducing various layers of participants in the innovation process, including non-medical professionals and students, changes
the attitude of healthcare professionals towards innovation and can result in a product or service development addressing real-life needs. Our
research shows that a holistic approach involving healthcare professionals and non-medical experts from various levels in their careers, ranging
from undergraduate students to senior leaders, changes innovation culture and generates solutions for existing real-life problems.
Keywords: organizational culture, framework, multidisciplinary innovation, mentoring and coaching, clinics

Introduction

Healthcare spending constitutes a significant portion of GDP in every country. In 2015, for instance, the US allocated 16.9%
of its GDP to healthcare, while the UK spent 9.8%. Other advanced nations had healthcare expenditures ranging from 8.9%
to 11.5% of their GDP. This equates to per capita spending of $9451 in the US and $4003 in the UK." In Central Europe, the
healthcare expenditure relative to GDP in 2020 varied between 6.3% (Romania) and 9.2% (Czechia).” Healthcare spending
in Hungary in the same year was 7.2%, equating to $1160 per capita. Most of the expenditures are financed by public
resources (5%) in contrast to private ones (2.7% in 201 1.2 Unfortunately, substantial expenditures on healthcare do not
necessarily lead to improved services. Approximately one-third of the financial resources are wasted on unnecessary
treatments, poor care coordination, administrative complexities, overpriced medications, and other inefficiencies.*

Therefore, optimization of procedures and workflows with the potential to save healthcare expenditures is one of the
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primary goals of the healthcare system in every country.* Innovation may lower healthcare costs, improve outcomes, and
elevate service quality. Traditionally, cost-saving innovations encompass new drugs, medical devices, process improve-
ments, and alternatives such as using ambulatory surgery centers instead of hospital outpatient departments.” However,
several obstacles hinder most innovative efforts in hospitals and many other organizations. Often, supposed innovative
solutions fail to address existing problems instead of targeting trivial issues. These ideas might be inventive, presenting new
solutions to specific problems, but they often do not translate into market-ready solutions and lack economic or social value.
Universities and hospitals have numerous such inventions, managed by Technology Transfer Officers, that never achieve
success despite being patented due to limited market interest. Innovating within an existing healthcare system is challen-
ging, as disruptive innovations are hard to achieve internally due to the system’s complexity and established path
dependencies.® Despite the challenges, methods to improve innovation efficiency in the healthcare arena have been
developed in the past. Innovation funds were set up worldwide,”® and hackathons (rapid innovation challenge games)
were run in many countries, focusing on a given challenge.'® Uncovering, however, the focus areas and potential processes
to promote innovation within an organization have only been recently addressed. Mentoring interested clinical staff,
including the unit leaders, is the focus of the HealthIL network (www.healthil.org) with headquarters in Israel. In addition to
mentoring the clinical staff, obtaining an outsider’s view of the day-to-day running of the clinical unit can provide
additional and unforeseen aspects of the activity and uncover hidden inefficiencies that are hidden from the healthcare
workforce. Using this approach, more value using fewer resources can be achieved, termed frugal innovation.''"'*> Although
the concept has originated in resource-constrained contexts, it is now being practiced and implemented by global multi-
nationals such as Sony and GE Healthcare and was proposed to be used in the healthcare environment.'* Resources are
usually scarce in the healthcare system; thus approaches that improve efficiency without using resources are much sought
after. Multidisciplinary teams, consisting of professionals from the organization, are launched in various organizations to
address multifaceted and complex problems.'* Our novel approach, detailed below, takes a different approach and deploys
non-medical professionals and university students acting as an observation team. When real-life problems are identified,
ideas are generated using various platforms, and products are developed and validated in the clinical environment. The
combination of mentoring and a multidisciplinary team proved to be a valuable strategy for improving innovation efficiency
in hospital clinics in Hungary.

Theory
Multidisciplinary theory involves combining knowledge and techniques from multiple disciplines to tackle complex
issues, comprehend phenomena, or devise solutions. This approach highlights the importance of collaboration among
different fields, each contributing its unique perspectives, tools, and expertise. A multidisciplinary approach to address
scientific and healthcare-related questions has been successfully used extensively.'>'® It has been proven to be
a promising tool when complex cases require designing interventions in hospital settings'’ or researching social issues
such as bereavement.'® Innovation is the process of creating new ideas, products, services, or methods that provide
significant value or improvement over existing solutions. Since it is a complex procedure, we hypothesized that
combining expertise from diverse disciplines and using a multi-stakeholder approach will improve innovation efficiency
in hospitals in the short term and pave the path to change organizational culture.

The study was conducted in Hungary as the research group had access to various clinics and medical professionals
locally. We, however, believe that the framework we present here can be used in other countries with success.

Materials and Methods

Problem Identification and Mentoring

The Champion Network

We pioneered the Champion Network in 2020, starting with three pilot hospital clinics and expanding to 8 by 2022. Our
affiliated clinics included 1) Internal Medicine and Nephrology Dental and Oral Surgery, 3) Otorhinolaryngology, 4)
Surgery, 5) Rheumatology and Immunology, 6) Ophthalmology, 7) Neurology, and 8) Oncotherapy. To understand clinic
issues and barriers to innovation and engage with the community, we asked clinic managers to nominate “Champions”
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(practicing doctors) who are well-established, open-minded, and influential but not burdened with middle management.
Champions participated in EIT (European Institute of Innovation and Technologies) Health Project Plan trainings,
informed colleagues about opportunities, helped present our activities, and contributed to policy proposals for promoting
innovation. The Innovation Staff (below) organized workshops to enhance their skills in motivating innovation,
identifying clinical challenges, and understanding success factors for innovative projects.

The Discovery Team

We established a 10-member Discovery Team to identify and assess organizational challenges. Recruited via faculty
contacts and social media, members worked in interdisciplinary pairs (humanities, arts, computer science, education) to
monitor clinical processes. Importantly, none of the members were medical doctors. Team members observed daily
routines in pilot clinics to pinpoint and address challenges, aiming to enhance efficiency for both staff and patients. The
reason for choosing non-clinical members or medical staff is that, without a particular bias, they might be able to see
a more general picture of the day-to-day operation of hospital clinics. Their responsibilities included participating in
online meetings, visiting designated clinics, documenting issues, proposing solutions, and attending closing meetings for
evaluation and implementation planning. To discover potential problems hindering healthcare efficiency in clinics, we
developed a methodology and template to facilitate the Discovery Team’s work, requiring them to document challenges
based on predefined criteria. Champions in the clinics assisted by enabling interactions with patients, staff, and managers.
Team members then individually submitted detailed reports of their findings and suggestions. These reports were
evaluated, categorized, and prioritized using a modified methodology from the Israeli center (HealthIL, see below).
A report was presented to the leaders of the hospital clinics, followed by personal discussions to determine the next steps.

HealthlL-Based Mentoring

Using the methodology provided by HealthIL (www.healthil.org), we developed our innovation process with the clinical
leaders involved in the project through a process of identifying challenges and organizational support mechanisms. We
also created our scoring sheet to assess and prioritize the challenges identified by the Discovery Team using the criteria
bank provided by the mentors. Informed consent was obtained from all participants of the study.

Data Analysis

The completed survey measuring motivation for innovation was analyzed for qualitative assessment (Supplementary Material 1).

The completed template was scored based on the scoring criteria (Supplementary Material 2). Scores were then normalized to get

a number between 0 and 1. Where enough data was available, the average and standard deviation were calculated.

Concept Development
To find solutions to the identified and highly ranked problems, we have used various platforms, including hackathons,
innovation lectures, and seminars.

Hackathons

The identified problems were presented to students in hackathon events. Groups of students representing various
disciplines (engineering, health and medicine, social sciences, and humanities) were formed. Two weeks before the
hackathon event, challenges were introduced, providing time for internet searches and brainstorming. During the actual
hackathon, which lasted 8-10 hours, assigned mentors (university staff from various departments) provided feedback and
help to each team.

Innovation Course

The Innovative Healthcare Technologies course introduced students to innovative technologies in the clinical field and
taught the steps of project development and launching start-ups. The theoretical sessions of the course were comple-
mented by practical work, where students had to participate in hackathon events. In the competition, they worked on the
challenges identified by the Discovery Team using the knowledge and methods acquired during the course. Innovation
projects were set up to develop and implement solutions to the challenges, which require a larger budget, the involvement
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of experts, and possibly a tender or an external product or service developer partner. The ethical permit number for the
study is 10033-PTE/2024 issued by the University of Pecs, Clinical Center, Regional Research Ethics Committee.

Product Development

Hardware Development

The objective was to develop a prototype for improving hand movement in patients suffering from arthritis. An external
company was responsible for the product development.

Software Development

The results of the Discovery Team’s surveys showed that IT problems are the second most serious barrier for clinics. The
aim was to develop an application with an external company to make digital patient records more manageable, focusing
on patient self-management, particularly for long-term treatments.

Results

This study embarked on a longitudinal journey from 2020 to 2022 to explore and enhance clinic efficiency across a broad
spectrum of healthcare services. It aimed at evolving the clinic’s operational, technical, and innovation capacities through
a blend of methodologies and strategic engagements. The study grew in scope and depth, indicating a successful
engagement and operational evolution within the participating clinics.

Building Blocks of the Framework
The framework consisted of separate blocks, shown in Figure 1 and detailed below. The participation of each team is
indicated in Table 1. The description of the participants of the study is as follows:

Leaders

Those clinical leaders who were invited and selected to the program, who already had an innovative project, were
involved in a co-development project with an industrial partner or at least were open to learning innovative approaches
and changing the mindset of co-workers. The leaders nominated the Champions, participated in skills development
workshops, and were active in meetings to develop solutions to the challenges identified by the Discovery Team.

Champions
Selection criteria, role, and required work are detailed in the Methods section.

Champion Hackathons 5 ) Software
Network Courses rototyping Hardware
Discovery Projects
Team \ I \ ‘
Condition| — Creating Problgm . — Sear(':hfor — | Solutions
Framework Identification solutions
Questionnaire M . Organizationa
Interviews entoring change

Figure | The workflow of the process to improve healthcare innovation. From left to right: First, the initial conditions were assessed by gathering available secondary data
(ie: patent applications, innovation grant submissions, etc). Then, the problem identification framework was created, comprising two groups of active participants (Champion
Network, Discovery Team) and qualitative and quantitative assessments using questionnaires and interviews. The identified problems were fed into the solution-searching
machinery containing Hackathons, Innovation courses, or direct innovation projects if the solution was already envisaged. Prototypes were created by external contractors
(hardware or software). Initial qualitative validation was carried out in the case of the hardware. An organizational survey was carried out to assess the cultural change of
innovation.
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Table | Participation of Key Players of the Framework. X Indicates Participation O Represents the Lack
of the Particular Player

Clinic Year | Leaders | Champions | Innovation Staff | Staff | External | Discovery Team

Internal Med. | 2020 X X X X X (@]

Dentistry

Otorhino.

Internal Med. | 2021

Dentistry

Otorhino.

Surgery

Ophthal.

Oncoth.

Internal Med. | 2022

Dentistry

Otorhino.

Ophthal.

Neurol.

X | X | XX | X|X[|X|[X|X|X|X|X]|X]|X
X | X | X[X|X|X]|]O|[X|X|X|X|X]|X]|X
X | X | XX | X|X[|X|[X|X|X|X|X]|X]|X
O|O0O|O0O|O|O0O|O | X | X|X|X|X|X]|X]|X
O[O0 |O0O|O0O|O0O|O | X |X|X|X|X]|X]|X]|X
X | X | X[ X|X|X|X|[X|X|X|X|X]|]0O0]|O

Rheuma

Innovation Staff

They designed and implemented the Clinical Innovation Program and analyzed and evaluated the results of surveys and
interviews. They also liaised with the Champion Network and Discovery Team members, providing professional
guidance and operational support. The Innovation Staff had legal, business, communications, and other knowledge,

skills, and experience to support the innovation process.

Healthcare Staff

Physicians, nurses, and residents from the pilot clinics and other university-affiliated clinics comprised the Healthcare
Staff involved in the innovation program. Their role was to identify real clinical needs and challenges that could be
addressed through project development that had the potential to become a marketable product or service at the end of the
process. These individuals did not have access to information and opportunities, had innovation skills gaps, and their
environment did not necessarily motivate and inspire them to innovate and engage in innovation.

External Support

An external service provider ran workshops for the Champion Network members, Staff and Leaders, and other clinical
managers. The experts were either EIT Health staff, affiliated with EIT Health, or suggested by EIT Health. The main
aim of the sessions was to provide tools and methods used in innovation and shape their mindset toward finding new,
preferably marketable, solutions for existing problems. The workshops focused on these objectives and explored the
problems and challenges with the active participation of the clinical staff.

Discovery Team
The composition, selection criteria, role, and required work to be expected from the Discovery Team members are
detailed in the Methods section.
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Problem ldentification
We have developed a challenge identification and assessment template (see Supplementary Material 3) to be used by the

members of the Discovery Team. The template was required to describe the identified challenge and the stakeholders
involved in the challenge. It also probed how it is currently being addressed, and finally, proposed solutions, if any, and
described the impact if the problem is solved. Within each category, there were further clarification questions.

The challenges received in the completed template were reviewed and grouped by the Innovation Staff. The grouping was
based on two main principles. Firstly, by the stakeholders (doctors or patients) and, secondly, by the problem area (process
management, infrastructure, communication/language issues, IT/digital solutions). From this list of challenges, only those that
could be addressed with an innovative solution were taken forward. In other words, issues such as the lack of parking or the
lack of a canteen in the clinic. We then surveyed the challenges to assess if they could be addressed by the teams and the design
thinking methodology used by the students in the Innovation Course or Hackathons. For those challenges where this was not
possible because, for example, to be a very specific problem, we proposed the creation of an innovation project. In the latter
case, a scoring system based on the methodology learned during the HealthIL mentoring was used to establish a priority
ranking, which was then reported back to the Leaders of clinics. The priority template had four main aspects: organizational/
strategic assessment, clinical and patient-related impact assessment, organizational attention, and ability to adapt and scale.
A higher score (between 1 and 5) indicated a higher ranking for a given challenge or project proposal.

Five main problem categories were identified: IT, Communication, Process Management, Infrastructure, and Other (mis-
cellaneous that could not be categorized in the four main categories). Two out of 3 years were analyzed since the Discovery Team
started in year 2 of the project (2021). The highest-ranking problem category across clinics was Process Management (0.42
+0.15), followed by IT, Other, Infrastructure, and Communication (Table 2). There was a difference between specific clinics:
Surgery (0.41 +£0.15 in 2021) and Rheumatology (0.41 £0.15 in 2022) scored the highest, while Ophthalmology had the lowest
score (0.24 +£0.01 in 2021 and 0.25 £0.01 in 2022, Table 3), suggesting clinic-specific challenges.

Table 2 Quantitative Assessment of the Identified Problems in 2021 and 2022 in Eight Hospital
Clinics. Normalized Weighted Scores Indicate the Importance of a Particular Problem Category.
Empty Cells Mean No Data

IT | Commun | Process Manage | Infrastr | Other | Ave | SD
Internal Med. | 2021 - -
Dentistry 0.54 0.27 040 | 0.14
Otorhino. 0.26 0.56 0.26 0.36 | 0.14
Surgery 0.56 0.26 0.41 | 0.15
Ophthal. 0.24 0.23 0.25 0.24 | 0.0l
Oncoth. - -
Internal Med | 2022 | 0.26 0.49 0.38 | 0.11
Dentistry 0.54 0.25 0.39 | 0.14
Otorhino 0.26 0.25 0.24 0.25 | 0.01
Ophthal. 0.26 0.25 0.24 0.25 | 0.01
Neurol. 0.52 0.29 0.40 | 0.12
Rheuma. 0.26 0.56 041 | 0.15
Ave 0.30 0.23 0.42 0.24 0.27
SD 0.11 - 0.15 0.01 0.02

Notes: Numerical bold text indicates the Average (Ave) and Standard Deviation (SD) values.
Abbreviations: Commun, Communication; Process Manage, Process Management; Infrastr, Infrastructure.
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Table 3 Change in the Discovered Problems Between 2022 and 2021.
A Positive Number Means That the Weight of the Identified Problems
Increased, and a Negative Number That It Decreased. Empty Cells Mean
No Data

IT | Commun | Process Manage | Infrastr | Other

Internal Med.

Dentistry 0.00 0.00 0.00 0.00 —0.02

Otorhino. 0.00 0.00 —0.31 —0.02 0.00

Surgery

Ophthal. 0.01 -0.23 —-0.01 0.24 0.00

Oncoth.

Neurol.

Rheuma.

Abbreviations: Commun, Communication; Process Manage, Process Management; Infrastr,
Infrastructure.

Mentoring and Skill Development

The EIT Health organization provided individual mentoring sessions for hospital clinic managers, followed by joint work-
shops. The focus of the project was to identify the strengths and weaknesses in the innovation process, address real-world
challenges, and promote innovation within the organization. It also provided an opportunity for the managers to learn
methods and techniques for conducting innovation projects. Before the mentoring sessions, an assessment was made of
ongoing and completed innovation activities and processes (Supplementary Material 2). The status of the motivation to

engage in innovation activities was assessed by motivational questionnaires (Survey column, Table 4). It enabled us to refine
the future clinical innovation agenda and scope of activities based on the number of completions and the answers to each
question. The Champions helped recruit participants to various workshops held either by the Innovation Staff or by External

mentors (Workshops column in Table 4). The questionnaire was completed by 58 clinical staff from 6 clinics. More than half

Table 4 Involvement of Clinical Participants in Various Skill-Development Programs and
Program Outcomes. X Indicates Participation or Improvement, While O Represents No
Action or Participation, ND Means Not Enough Data Available for Evaluation

Clinic Year | Surveys | Workshops | Roles | Engagement | Skillset | Projects
Internal Med. | 2020 (e] ©) ) ND X (e]
Dentistry (e} (e} o ND X (e}
Otorhino. (o] o o ND X (o]
Internal Med. | 2021 (e} X ©) ND X X
Dentistry (e] X ©) ND X X
Otorhino. (o] X o ND X X
Surgery X X X X X X
Ophthal. (o] X o ND X X
Oncoth. o o o ND X (e}
(Continued)
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Table 4 (Continued).

Clinic Year | Surveys | Workshops | Roles | Engagement | Skillset | Projects
Internal Med. | 2022 X (e] X ND X X
Dentistry X (e] X ND X X
Otorhino. X (e] X ND X X
Ophthal. X (e] X ND X X
Neurol. X o X ND X (e}
Rheuma. X o X ND X X

(55.2%) rarely experienced support for new solutions. Nevertheless, close to half (41.4%) worked in teams to find solutions,
and the spirit of teamwork and support in teams was also high (53.4%). The responses to the question about the need for
a collaborative project development environment were evenly divided: 49% welcomed it, while 40% were indifferent. Only
a small minority (11%) would be against such a workplace. Close to half (49%) would take the opportunity that may not pay
off in the short term but give one a chance to excel. The same questionnaire asked the clinical staff which phase of the
innovation process they found the most difficult (Engagement column in Table 4, Supplementary Material 2, Question 7). The

following innovation stages were available to choose from: 1) Problem identification, 2) Brainstorming, 3) Screening and
selection, 4) Creating a concept, 5) Creating a prototype, 6) Testing and refining the prototype, 7) Creating the final product, 8)
Launching and marketing the product. The answers showed that as a project progresses from needs assessment through
prototyping to launching a product, the difficulty of understanding how to do it increases, reaching 62.1%. The stage in the
innovation process where projects most likely fail was prototyping, according to the respondents (25.9%) (Supplementary
Material 2, Question 8). Only a small proportion of the respondents (19%) have already been involved in an innovation

project. The three main reasons why they were not involved were 1) they did not encounter such an opportunity (29.3%), they
worked at the clinic for a short time (25.9%), and 3) they did not have the right academic qualification (19%). Almost none of
the respondents received a request from a startup for cooperation (3.4%), but most would be open to such collaboration if they
get paid (43.1%) (Supplementary Material 2, Question 13). After analyzing the answers, tailored mentoring and workshops

took place. The workshops provided Champions and participants with methodological knowledge and tools to find solutions
to challenges and clinical needs (Skills column in Table 4). Participation in innovation projects to develop and implement
solutions to the challenges was also measured as the outcome of the Clinical Innovation Program (Project column in Table 4).
The change in innovation skills was measured by quantitative online motivation surveys and qualitative structured interviews
(Table 5). The increased aptitude for innovation and change was also demonstrated by, for example, action plans. For
example, the Otorhinolaryngology Clinic devised a problem-solution path consisting of 42 actions.

Table 5 Performed Analyses Over the years in Each Clinic. X Indicates
a Completed Analysis or Survey, While O Represents No Completed
Analysis or Survey

Clinic Year Online Motivation Structured Interview
Survey (Quantitative) (Qualitative)
Internal Med. | 2020 X o
Dentistry X o
Otorhino. X o
(Continued)
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Table 5 (Continued).

Clinic Year Online Motivation Structured Interview
Survey (Quantitative) (Qualitative)
Internal Med. | 2021 (e] X
Dentistry (o] X
Otorhino. (e X
Surgery X X
Ophthal. (e] X
Oncoth. (e X
Internal Med. | 2022 X X
Dentistry X X
Otorhino. X X
Ophthal. X X
Neurol. X X
Rheuma. X X

Increased Intellectual Product (IP) Disclosures

Despite the large number of university hospitals and the number of professionals covering all fields of medicine, the
proportion of IP applications and developments based on real clinical needs was low. Before the launch of the Clinical
Innovation Program (2015-2019), the percentage of life sciences/healthcare-related IP disclosures out of all disclosures
was 39%. The percentage of IP submitted by a clinician or jointly with another non-clinician applicant was 21%. This
number has changed from 2020, reaching the maximum of 50% of applications submitted by clinicians in 2022 (Table 6).

Concept Generation and Screening
Hackathons

Four events were held in Hungarian and English, requiring a physical or online presence, organized every semester by various
units of the University, typically with the participation of student teams of 4-5 people. The identified clinical problems were
delivered to the students via the university’s electronic (website) or social media interfaces and were implemented as part of
courses as a condition for completion. Applications of ready-made teams or individual participants were expected. In the latter

case, the organizers created the team by randomly mixing disciplines and nationalities. A priority goal for the organization was

Table 6 Change in Intellectual Product Disclosures by Clinical
Staff Over the years

Year Life Science Hospital (%) | Change (%)
IHealthcare (%)

20152019 39 21 -

2020 44 37 16
2021 38 14 —23
2022 36 50 36

Journal of Multidisciplinary Healthcare 2025:18 hetps: 1977
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for as many university faculties and disciplines as possible to appear on each team. The performance of the teams was
evaluated by a jury of experts in each case based on a predetermined set of criteria.

Innovation Course
The theoretical sessions of the course were complemented by practical work. In the competition, they worked on the
challenges identified by the Discovery Team using the knowledge and methods acquired during the course.

Product Development
Through the Clinical Innovation Program, two clinical needs were identified jointly by the Innovation Staff, Leaders, and
Champions, with high-priority and minimal budget needs. The first was the need for a device that could improve arthritic
patients’ hand movement playfully.

Hardware Development

An external company created three distinct prototypes to improve the hand movement of arthritic patients. Structural
drawings were also produced, showing the working principle and mechanics of the prototype. The Numberball was
designed for preventative and rehabilitative purposes for those who suffer from rheumatic problems of the hand
(Figure 2A). It is primarily intended as a playful tool for rehabilitating hand and finger movement limitations caused
by muscle weakness or disease. The speed of manipulating the device can be measured, and conclusions about motor
skills can be drawn, opening up further possibilities for use. The Octopus (Figure 2B) helps to strengthen the muscles of
the hand and wrist playfully. It can be used to strengthen muscles after injuries or in arthritic patients. The main purpose
of this device is to be used as a medical aid that allows the lateral and rotational movement of the fingers and the hands in
a playful way. Gripping it with the ends of the fingers concentrates the load on the fingers while placing the whole palm
can spread the load over the entire hand. Frog force (Figure 2C) is a hand movement-enhancing device that helps develop
the circular movement of the fingers. The resistance of the device can be changed, and the device can be adapted to the
rehabilitation needs of the individual. The special design allows users with different hand geometries to easily use it.

Software Development: Patient Pathway Management’s Digital Solution

As the survey showed, process management and IT classified problems remained consistently over the years as the two
most serious issues for all participating clinics. Scheduling patients’ appointments and communicating with patients with
the existing software was particularly difficult and slowed down patient care. Thus, the aim was to develop an application
for patients and clinicians that makes digital patient records more manageable and transparent, with a focus on patient
self-management. The product would be of particular benefit to clinicians in clinics where the patient is not undergoing
a one-off or short-term treatment but is receiving care over a longer period, such as for certain rheumatological diseases,
diabetes, or neurological conditions. The product could be interconnected with other mandatory hospital digital tools
required by national legislation, enabling two-way, input-output information exchange and, thus, digital patient doc-
umentation at the same time. A seed fund covered the first phase of the project, during which we were able to create

Figure 2 The developed prototypes for improving hand mobility for rheumatic patients. Three devices are shown, each tested by patients for usability. (A) Numberball, (B)
Octopus, (C) Frog Force.
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a minimal viable product with a reduced feature set. The development was guided by the suggestions of the participating
clinics and their staff. Concrete steps that have been taken: 1) a user flow, ie a visual representation, was created to
provide a digital path for users at different levels, 2) the information architecture included a visual representation of the
product infrastructure, features, and hierarchy, 3) during the specification phase the technical documentation was
prepared, detailing the exact technological conditions and the implementation process, 4) based on the specification,
the overall design and the exact time and cost schedule for the development were also defined. Three main blocks were
created with details: the Administration Block (Figure 3), the web-based Medical Block (Figure 4), and the Patient Block
(Figure 5) that can be used on mobile devices.

Longitudinal Observations

First Year: Establishing Foundations

Initially, three clinics (Internal Medicine, Dentistry, and Otorhinolaryngology) actively participated, establishing a -
foundational year focused on leadership and innovation readiness. Leaders, Champions, and Innovative Staff were actively
involved across all clinics, with three instances each, highlighting a phase focused on identifying and empowering key
innovation drivers. The first year emphasized Quantitative Analysis and Online Motivation Surveys alongside the screening of
IP Portfolios, marking the initial data-gathering phase to oversee where the developmental process may begin and what
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Figure 3 Outline of the administrative interface of the patient management software. The administrative part contains user management, knowledge base sections, and
a part where doctors can be invited to use the software.
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patients about appointments, receive reminders about scheduled appointments, and see patients’ records, among other features.

challenges are faced by both the Innovation Staff team and the clinics. Mandatory workshops for champions and continuous
information sharing through champions were implemented to expand their knowledge and provide tools for improving the
efficiency of the innovation process and start changing the organizational culture for innovation. No significant problems were
documented in this phase, indicating a preliminary assessment period.

Second Year: Expanding Engagement and Deepening Insights

The project expanded to include additional clinics, maintaining consistent data from key participants. Leaders, Innovative
Staff, and Staff were involved in clinics six instances each, with Champions slightly less prevalent. One may observe the
marked participation of the Discovery Team, indicating a shift towards active exploration and external knowledge
integration as preparation and building the foundation of our intervention. We pivoted towards extensive Qualitative
Analysis and Structured Interviews, reflecting a deeper dive into the clinics’ operational contexts. As proposed solutions,
we introduced hackathons, lectures, and university innovation projects, indicating an expansion of strategies to foster
innovation. We also identified more problems, especially in Process Management, Other, and Infrastructure, indicating
escalating concerns over problems and the need for innovation.

Third Year: Refining Strategies and Fostering Innovation

The project maintained its momentum with continuous participation from initial clinics. Leaders, the Champion Network,
Innovation Staff, and the Discovery Team remained active in the third year, but due to lack of funds and administrative
issues, External mentors, hackathon events, and the Innovation Course were absent. We also balanced our methodolo-
gical approach evenly, with both qualitative and quantitative methodologies. Our focus shifted towards motivation
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Figure 5 Outline of the patient interface of the patient management software. Similar to the medical interface, patients can send and receive messages from and to doctors,
see and be reminded of scheduled appointments, and read reviewed information about procedures, alternative solutions, adverse effects of drugs, and so on.

surveys and maintaining the university innovation project, emphasizing sustained engagement and motivational assess-
ment. The discovered problems reflected similar IT and operational challenges.

Discussion
The Need for Change

Most previous studies have suggested links between hospital organizational culture and hospital performance metrics,'®
though there are some exceptions.”*** A novel program in the USA (Leadership Saves Lives), using a longitudinal mixed
methods approach, showed that hospital organizational culture change has a prominent effect on the quality of patient care
and can actually save lives.”> Our mission in this study was not directed to saving lives immediately but to influencing
organizational culture in hospitals to improve innovation frequency and quality. Although the participating students in the
Innovation Course, mainly medics, were not part of the current clinical staff, their involvement in innovation projects can

lead to organizational cultural change, improve outcomes for patients, and save lives in the long run.

Hackathon: A Tool to Educate Students and to Promote Innovation

Hackathons are a cutting-edge approach to innovation and teaching that encourages collaboration, imagination, and problem-
solving. The existing (relevant) problem and the intention to solve it together result in the person who appears to be instead of
“the person living with the problem” the “person who wants to solve the problem”. The first step in the change of attitude is
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a consciously observant person with appropriate observation techniques and a critical way of thinking, who not only perceives
the problems surrounding him/her but also becomes aware of the points where he/she can intervene.® We used this tool for
three reasons in our program. First, to provide methods for the next generation of doctors that they can use to solve real-life
problems. The second is to change the mindset of the young generation to be open to innovation. Third, to encourage students,

especially medical students, to harness the value of different disciplines and work in a multidisciplinary team.>”?®

Clinical Innovation Program

We started our Clinical Innovation Program in 2020, building on two complementary initiatives: the Champion Network
and the Discovery Team. The university has 29 clinics covering the whole spectrum of healthcare, yet few innovative
projects, developments, or patents have come to light due to the everyday, standard issues faced by healthcare workers,
especially doctors and researchers. Our multidisciplinary approach showed several vital accomplishments and identified
future research directions. First, we uncovered the current attitude toward healthcare innovation in hospital clinics and
identified the reason for the lack of motivation. Work overload, lack of opportunity, and knowledge gaps in innovation
were the most common and, fortunately, could be addressed with relative ease. Second, using the mutual effort of the
Campion Network and the Discovery Team, we identified sets of common problems that can be addressed with minimal
financial help. Most issues were process management-related across the investigated clinics. One proposed solution was
a patient pathway management application that was already being developed already. The Champion Network has
successfully built a culture of innovation by incorporating doctors as Champions, thus increasing the awareness and
motivation of the clinical workforce to solve problems with the potential of developing commercially viable products and
services. The multidisciplinary approach of the Discovery Team was successful in identifying and responding to clinic-
specific challenges, showing that external perspectives can be valuable. Our study grew over three years in scope, with
success demonstrated by the engagement and operational involvement seen in participating clinics.

Dynamic data collection and analysis guaranteed the relevance and efficacy of our interventions. All these were
practical solutions developed during hackathons and innovation courses, such as the digital application for managing
patient records and rehabilitative devices, which finally met the identified problems and offered the students experiential
innovation practice. The identification of IT problems consistently reflects the way advanced technologies should be
integrated into healthcare. The structured multidisciplinary approach through the Champion Network and Discovery
Team enhanced clinic efficiency, indicated by the solution-seeking attitude and the increased number of participations in
IP submissions. It contributed to the culture of innovations, thus demonstrating the potential for broader application for
improvements in healthcare services.

Hospitals were overwhelmed by the workload during the COVID-19 pandemic, and medical professionals were
restricted from meeting our research team. After the pandemic, however, clinicians were enthusiastic to continue the
project, indicating the motivation of medical staff to improve innovation efficiency.

Limitations of the Study

Although our Clinical Innovation Program is a multidisciplinary holistic approach, it lacks a robust number of observa-
tions to draw a general conclusion. Expanding the framework to additional clinics and hospitals, preferably at the
international level, would fine-tune the process to improve the innovation culture in the healthcare sector. Questionnaires
before, during, and after the program would also prove or disprove its value. It also needs to be noted that the project was
carried out during the COVID-19 pandemic, creating difficult circumstances for hospitals.

Conclusions

Although innovation is not typically the primary focus of healthcare team research, there is increasing recognition of the
significance of innovation generated within healthcare organizations.?’ It is recognized that such innovations enhance
performance, and research focused on improving areas such as patient safety acknowledges that these outcomes depend on
innovation.***! Our research shows that a holistic approach involving healthcare professionals and non-medical experts
from various levels in their careers, ranging from undergraduate students to senior leaders, changes innovation culture and
generates solutions for existing real-life problems. The success of the proposed framework to improve innovation efficiency
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depends on the willingness and motivation of the healthcare professionals, especially of the leadership. Therefore, great
attention must be paid to the initial phase of the project when the objectives and potential benefits are outlined to the leaders.
Identifying opinion leaders using the Organizational Network Analysis method and finding their motivation would further
increase the chance to change the organizational innovation culture. This approach also helps expand the use of the
framework in other healthcare units. Moreover, the comprehensive framework we detailed in this study contains general
methods and tools that are not specific to countries and, hence, can be adopted in any country irrespective of the geographic
location. We believe that the key to improving innovation efficiency in healthcare depends mainly on the organizational
culture that, with a comprehensive approach, can be changed and improved globally.
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