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1 Introduction

Digitization of healthcare occurs in many hospitals and affects many stakeholders in
hospitals. Many technological devices are used in hospitals to facilitate health care
processes and these devices are connected with various information systems. For
example, when vital signs are recorded these can be transferred to a patient electronic
health care record (EHR) automatically; many other devices used in operating rooms
are connected to EHR's, and thus increase digitization in operating rooms in
hospitals. Not only because of this dependence on and connectivity to information
systems, but also due to many other situational and contextual variables,
implementation of new devices into an existing and complex environment such as
an operating room in hospitals, is a challenge. Success rates of implementations of
information systems and other technological devices vary and numerous
implementations fail (Damschroder et al., 2022; Jacobs et al., 2015; Rafferty et al.,
2013). Less successful implementations of systems and devices in healthcare are
reported less often, and many learnings for successful implementations can be
derived from less successful implementation projects (Ebad, 2020). Successful
implementations require well-prepared implementation activities in preparation to
the introduction of the device and to influence adoption for use of the new device
(Fennelly et al., 2020). To facilitate the implementation of new technological devices
in OR's, we conducted several studies to construct a framework for implementation
of new technological devices (Sewberath Misser, 2023). Based on the findings and
the evaluation of this research, potential users of this framework identified a need
for a (digitized) tool or app that enables users to be equipped with situational relevant
implementation activities In this study, we adress this need and we composed the

following research question:

How can requirements be identified for a user friendly and adaptive digital tool or
app for implementation activities for new devices and software in complex hospital

environments such as operating rooms?

In the next section, we in short describe the framework for implementation for
technological (digital) devices in operating rooms (Sewberath Misser, 2023). In
section three, we describe an approach to develop an adaptive tool for the

implementation of activities.
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2 Background
2.1 Introducing technological and digital devices

Implementation of new technological devices in hospitals appears to be a challenge,
as many stakeholders and departments are involved when introducing these new
tools. Edmondson et al. refer to a successful implementation of a new tool when the
tool is used in day-to-day activities of users (Edmondson et al., 2001). This
implementation remains a challenge and will need to be addressed carefully. To
address this challenge, we used characteristics from design science research (Peffers
et al., 2007). In previous research, we identified in three phases to develop and
evaluate an implementation framework, starting with identifying a problem
definition. Based on these findings, we developed an artifact in the second phase of
research. In the third and last phase of our research we evaluated this artifact. We
constructed a problem definition by providing an overview of the research context
and by identifying the problem. Schoville et al. state that there is no overarching
implementation theoty but only a number of models and processes to facilitate
implementation (Schoville & Titler, 2015). For the implementation of electronic
health care records (EHR) various studies have been conducted to identify factors
or barriers for the implementation and adoption of EHR (Fennelly et al., 2020).
Based on existing literature an implementation framework or process model for the
implementation of new technological devices in an existing operating room
environment appeared not available (Damschroder et al., 2009; Moullin et al., 2015;
Nilsen, 2015). Based on these findings, an artefact to implement new technological
devices in OR’s was needed. With that knowledge, we conducted several studies to
develop the artifact: a framework for implementation. In this framework we
distinguished determinants for implementation, and we identified activities and
instructions for implementations. To construct this framework for implementation
we conducted an explorative study with scrub nurses and circulating nurses in
Operating Rooms to identify relevant factors for implementation (Sewberath Misser,
Jaspers, et al., 2018). In a systematic literature review we focused on relevant factors
and activities for implementations based on existing studies and theories (Sewberath
Misser, Zaane, et al., 2018). Based on the findings of these two studies, we composed
a baseline framework for implementation, consisting of implementation factors,
implementation activities and implementation instructions (Sewberath Misser et al.,

2020). We conducted two studies to validate this framework. In the first validation
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study we organized three focus group sessions with implementation experts from
varying backgrounds and hospital departments. These experts were surgeons,
anesthesiologists, logistics employees, scrub nurses, OR-management, and a
methodologist. Based on these findings suggestions for revisions were proposed and
analyzed (Sewberath Misser, Jaspers, Van Zaane, et al., 2021). In the second
validation study, our base line implementation framework was used to introduce an
exoskeleton in the OR (Sewberath Misser, Jaspers, van Zaane, et al., 2021). An
exoskeleton is a wearable, mechanical external structure that enhances or supports
the power of someone when performing specific activities (De Looze et al., 2010).
Based on the data of this case study and the outcomes of the validation study with
experts, revisions for the baseline protocol were identified and processed. The final
and revised framework for implementation consists of four implementation factors,
with related activities and instructions. In the next subsections these factors are

explained.

o Set up a project plan.

The first factor for implementation focuses on the composition of a project plan.
Activities involve identifying topics, goals, performance indicators, risks and relevant

implementation activities based on the complexity of the device.

o Organizational preparation

The second implementation factor involves preparation of the organization.
Implementation activities include activities to assemble a multi-disciplinary
implementation team and to prepare the existing stakeholders of the organization.
Processes and activities that need adjustment due to the introduction of a new
technological device are redesigned and shared with relevant users and departments.
Simulations using the new device are prepared and executed and communication

plans are identified and deployed.

o Technical preparation

The third factor for implementation involves the technological preparation of the
environment and the configurational preparations of the device. These

configurational preparations include positioning of the device as well as assembly
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and disassembly procedures. Technical preparation also entails composing and
deploying data management plans, maintenance plans, and updating (safety)

regulations.

o Training and evaluation

Training and evaluation activities include composing and deploying a training and
evaluation plan. Training involves technical and non-technical skills and technical
skills also include troubleshoots and interpretation of necessary data and alarms.
This training and evaluation plan also covers assessment of skills, as well as
evaluation of the device and evaluation of the implementation project. Our

implementation framework is included in appendix 1.

3 Towards an adaptive tool for implementation activities

In the previous chapter, the implementation framework and its activities are
described. The purpose of this research is to identify requirements to develop an
adaptive tool or app for implementation activities, depending on the user
requirements and the device. There are different ways to develop or to configure a
tool, such as the waterfall method or more agile methods to develop software. A
waterfall method of software development generally consists of sequential phases:
requirement analysis, system design, implementation, system testing, system
deployment and system maintenance (Zayat & Senvar, 2020). The advantages of this
method are that this method is described as structured, simple to understand and to
implement. However, this method is described as less flexible and difficult when
changes in requirements need to be considered and processed (Kramer, 2018).
Similarly, the Software Development Life Cycle (SDLC) consists of the following
phases: surveying and assessing the feasibility of a software development project,
analyze existing information systems, determine requirements for the system,
selecting the best solution, determine hardware and software, designing the system,
building the system, implementing the system, and maintain the new system (Adi
Guna Permana, 2015; Zayat & Senvar, 2020). A more flexible method for developing
a software tool is for example the agile development method SCRUM. In agile
development methods a development team is selected with a common goal to
develop a holistic product. Different team roles are identified. One team member

(product owner) defines business goals and requirements for the tool and this team
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member initiates the development process by prioritizing activities. These activities
are scheduled and executed in development cycles (sprints) (Adi Guna Permana,
2015; Zayat & Senvar, 2020).

To develop a tool for our framework for implementation, we need to consider these
development frameworks. As the requirements for a tool are not clear yet, one of
the steps in the development process is to identify requirements for the tool. Panday
et al. introduced a requirements engineering process model, in which they consider
four steps to identify and select requirements for a software tool (Pandey et al.,
2010). In the first step, requirements elicitation and development, stakeholders are
identified to provide requirements. In the second step, requirements are documented
and in the third step requirements are verified and validated. In the last step, they
describe how the agreed requirements can be tracked and controlled during the
development process of a software tool (Pandey et al., 2010). When focusing on the
identification of requirements, Mayas et al. introduces the use of petsonas to identify
requirements for users (Mayas et al., 2016). They describe personas as archetypes:
distinguishable characters based on behavior and dispositions of real people.

To identify requirements for an adaptive tool or app for implementation activities
we will use personas, as we expect the tool to be used by different stakeholders in
OR’s. When executing the first step of the requirements engineering process we will
identify personas based on potential users with stakeholders (Mayas et al., 2016;
Pandey et al., 2010). We will then use these constructed and validated personas to
define requirements for an adaptive tool or app for implementation activities. These
requirements will be documented and after documentation these requirements will
be verified and validated with stakeholders. Following the SDLC method, the best
solution needs to be selected based on validated requirements. In this phase, it
should become clear whether a new tool needs to be developed or whether an
existing tool used for other purposes needs to be considered. If a suitable tool is not
available on the market, tool development can be prepared. Agile methods of tool
development are preferred, as with our current knowledge we consider the tool to
be an incremental tool which would enable rapid development cycles. To develop
this adaptive tool, we would like to include users and developers to increase

development success and adoption (Abrahamsson et al., 2017).
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4 Conclusion, limitations and further research

Implementation of technological digital devices in complex environments such as
operating rooms remain a challenge. To address this challenge, we developed and
evaluated a framework for implementation consisting of implementation factors,
related implementation activities and implementation instructions. These factors are:
setting up a project plan, organizational preparation, technical preparation and
training and evaluation. This research adresses the need of potential users of this
framework. These users identified a need for an adaptive tool or app enabling users
to select and prioritize implementation activities. To respond to the research
question we will use process steps of requirements engineering to identify
requirements for this tool. Based on the findings up to now and our current
knowledge, we need to select stakeholders and develop personas. Based on these
personas we will identify requirements. A market search on available tools needs to
be executed to decide whether to buy and adjust an existing vendor tool or to
develop a new tool. In case of a development of a new tool, we prefer an agile

method for development.
Limitations and further research

In this research in progress we initiate the process to follow up on users needs to
develop or acquire a tool or app that facilitates implementation of new technological
equipment. Up to now did a provisonal and limited search, on development
methodologies for software to develop this tool. We use the body of knowledge of
requirements engineering to identify requirements with use of personas. After these
requirements have been specified, further research needs to be conducted on the

preferred agile development method.

References

Abrahamsson, P., Salo, O., Ronkainen, J., & Warsta, J. (2017). Agile Software Development Methods:
Review and Analysis. Chemistry (Weinheim an Der Bergstrasse, Germany), 19(21), 6641-6649.
https://doi.org/10.1002/chem.201203966

Adi Guna Permana, P. (2015). Scrum Method Implementation in a Software Development Project
Management. International Journal of Advanced Computer Science and Applications, 6(9),
198-204. https://doi.org/10.14569/IJACSA.2015.060927

Damschroder, L. J., Aron, D. C., Keith, R. E., Kirsh, S. R., Alexander, J. A., & Lowety, J. C. (2009).
Fostering implementation of health services research findings into practice: A consolidated



36T BLED ECONFERENCE - DIGITAL ECONOMY AND SOCIETY: THE BALANCING ACT FOR

768 , . . ,
DIGITAL INNOVATION IN TIMES OF INSTABILITY

framework for advancing implementation science. Implementation Science, 4(1), 1-15.
https://doi.org/10.1186/1748-5908-4-50

Damschroder, L. J., Reardon, C. M., Widerquist, M. A. O., & Lowery, J. (2022). The updated
Consolidated Framework for Implementation Research based on wuser feedback.
Implementation Science, 17(1), 1-16. https://doi.org/10.1186/513012-022-01245-0

De Looze, M. P, Bosch, T., Krause, F., Stadler, K. S., & O’Sullivan, L. W. (2016). Exoskeletons for
industrial application and their potential effects on physical work load. Ergonomics, 59(5),
671-681. https:/ /doi.org/10.1080/00140139.2015.1081988

Ebad, S. A. (2020). Healthcare software design and implementation—A project failure case. Software
- Practice and Experience, 50(7), 1258-1276. https://doi.org/10.1002/spe.2807

Edmondson, A. C., Bohmer, R. M., & Pisano, G. P. (2001). Disrupted Routines: Team Learning and
New Technology Implementation in Hospitals. Administrative Science Quarterly, 46(4), 685.
https://doi.org/10.2307/3094828

Fennelly, O., Cunningham, C., Grogan, L., Cronin, H., O’Shea, C., Roche, M., Lawlor, F., & O’Hare,
N. (2020). Successfully implementing a national electronic health record: a rapid umbrella
review. International Journal of Medical Informatics, 144(September), 104281.
https://doi.org/10.1016/j.ijmedinf.2020.104281

Jacobs, S. R., Weiner, B. J., Reeve, B. B., Hofmann, D. A., Christian, M., & Weinberger, M. (2015).
Determining the predictors of innovation implementation in healthcare: A quantitative analysis
of implementation effectiveness. BMC Health Services Research, 15(1), 1-13.
https://doi.org/10.1186/s12913-014-0657-3

Kramer, M. (2018). Best Practices in Systems Development Lifecycle: An Analyses Based on the
Waterfall Model. Review of Business & Finance Studies, 9(1), 77-84.

Mayas, C., Hérold, S., & Kromker, H. (2016). Personas for Requirements Engineering. In Lecture
Notes in Computer Science (including subseries Lecture Notes in Artificial Intelligence and
Lecture Notes in Bioinformatics): Vol. 9312 LNCS (pp. 34-46). https://doi.org/10.1007/978-
3-319-45916-5_3

Moullin, J. C., Sabater-Hernandez, D., Fernandez-Llimos, F., & Benrimoj, S. I. (2015). A systematic
review of implementation frameworks of innovations in healthcare and resulting generic
implementation framework. Health Research Policy and Systems, 13(1), 1-11.
https://doi.org/10.1186/512961-015-0005-z

Nilsen, P. (2015). Making sense of implementation theories, models and frameworks. Implementation
Science, 10(1), 1-13. https://doi.org/10.1186/s13012-015-0242-0

Pandey, D., Suman, U., & Ramani, A. K. (2010). An Effective Requirement Engineering Process Model
for Software Development and Requirements Management. 2010 International Conference on
Advances in Recent Technologies in Communication and Computing, 287-291.
https://doi.org/10.1109/ARTCom.2010.24

Peffers, K., Tuunanen, T., Rothenberger, M. A., & Chatterjee, S. (2007). A design science research
methodology for information systems research. Journal of Management Information Systems,
24(3), 45-77. https:/ /doi.org/10.2753 /MIS0742-1222240302

Rafferty, A. E., Jimmieson, N. L., & Armenakis, A. A. (2013). Change Readiness: A Multilevel Review.
Journal of Management, 39(1), 110-135. https://doi.org/10.1177/0149206312457417

Schoville, R. R., & Titler, M. G. (2015). Guiding Healthcare Technology Implementation. CIN:
Computers, Informatics, Nursing, 33(3), 99-107.
https://doi.org/10.1097/CIN.0000000000000130

Sewberath Misser, N. (2023). Introducing technological innovations in Operation Rooms in hospitals :
an implementation framework for technological devices LK -
https:/ /hu.on.wotldcat.org/oclc/1368026515. Open Universiteit.

Sewberath Misser, N., Jaspers, J., van Zaane, B., Gooszen, H., & Versendaal, J. (2018). Transforming
operating rooms: factors for successful implementations of new medical equipment. Digital
Transformation — Meeting the Challenges, June, 279-289. https://doi.org/10.18690/978-961-
286-170-4.18



N. Sewberath Misser, ]. Jaspers, . Versendaal: Towards an Adaptive Implementation Tool for Devices in

Complex Hospital Departments 769

Sewberath Misser, N., Jaspers, J., van Zaane, B., Gooszen, H., & Versendaal, J. (2021). Evaluating an
Implementation Protocol for Digitization and Devices in Operating Rooms: a Case Study. 34th
Bled EConference Digital Support from Crisis to Progressive Change: Conference
Proceedings, 351-364. https://doi.org/10.18690/978-961-286-485-9.26

Sewberath Misser, N., Jaspers, J., Van Zaane, B., Gooszen, H., & Versendaal, ]. (2021). Evaluation of
an implementation protocol for digitization and devices in Operating Rooms. AMCIS 2021
Proceedings, 0—10. https://aisel.aisnet.org/amcis2021/healthcare_it/sig_health/2

Sewberath Misser, N, Jaspers, J., Zaane, B. Van, Gooszen, H., & Versendaal, J. (2020). A protocol for
the implementation of new technology in a highly complex hospital environment: the operating
room. International Journal of Networking and Virtual Organisations, 22(2), 199.
https://doi.org/10.1504/IJNVO.2020.105543

Sewberath Misser, N., Zaane, B. Van, Jaspers, J. E. N., Gooszen, H., & Versendaal, J. (2018).
Implementing Medical Technological Equipment in the OR: Factors for Successful
Implementations. Journal of Healthcare Engineering, 2018.
https://doi.org/https://doi.org/10.1155/2018/8502187

Zayat, W., & Senvar, O. (2020). Framework Study for Agile Software Development Via Scrum and
Kanban. International Journal of Innovation and Technology Management, 17(04).
https://doi.org/10.1142/50219877020300025



770

36T BLED ECONFERENCE - DIGITAL ECONOMY AND SOCIETY: THE BALANCING ACT FOR

DIGITAL INNOVATION IN TIMES OF INSTABILITY

Appendix 1: implementation framework for technological devices in

operating rooms

A revised framework for implementation for technological devices was constructed

and is presented in the next table (Sewberath Misser, 2023). We intend to use the

contents of this framework as first data set for an adaptive digital tool or app to help

users to implement new digital and technological devices.

Table 1: Revised implementation framework (Sewberath Misser, 2023)

Id Implementation Activities | Instructions for implementation
1 Set up a project plan
11 Identify strategic and tactical | Operationalize overall strategic and tactical goals
) topics for the implementation stage.
Identify performance indicators to define the
performance of the implementation stage and
1.2 | Identify performance define how these variables are measured and
analyzed. Performance metrics for success could
be efficiency, finance, and ergonomics.
Identify (groups of) stakeholders, which are
responsible,  accountable, consulted and
1.3 | Identify stakeholders informed such as sponsors, key-representatives,
staff, teams. Identify a project manager for
implementation
) . Perform a risk assessment to identify risks and
Identify risks related to | | ] )
1.4 | . identify unintended outcomes as new technology
implementation
may have unforeseen consequences.
. o Identify relevant activities for implementation,
Identify activities for ] o ]
1.5 ] . based on listed activities. Generate a planning or
implementation . ) . o
timeline for execution of these activities.
2 Organizational preparation
Assemble a team which includes various
members of involved departments and
e stakeholders such as scrub nurses, circulatin,
Assemble a multidisciplinary i ) > ) &
2.1 . . nurses, anesthesiologists, perioperative
implementation team .. .
technicians,  surgeons, administrators, IT

specialists, and schedulers. Consider assigning an

extra team member during implementation to
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Id

Implementation Activities

Instructions for implementation

increase familiarity with procedures, e.g. setup

procedures.

2.2

Foster team familiarity

Team familiarity and stability impacts teamwork,

communication, and  satisfaction

during
dedicated

implementation team. Involve and inform this

implementation. Assign a

team well.

2.3

affected

and/or processes

Identify activities

Introducing new (medical) equipment influences
existing activities and work processes. Identify
these and analyze how these processes are
affected and which identified stakeholders are

involved.

2.4

Update  checklists and/or

protocols

Checklists improve safety and reliability prior to,
Update
operating procedures or protocols. If necessary,

and during surgical procedures.

update existing check lists.

2.5

Perform simulations

Simulate with stakeholders (and departments)
how processes and work activities are executed
prior to introducing (medical) equipment.
Practice with a new tool or new (prototype)

equipment on trial basis.

2.6

Identify and deploy activities
to increase employees’

engagement

Participation of employees when introducing
new (medical) equipment increases employees’
engagement in the OR. Deploy activities to
engage employees in the OR, e.g., involvement
of work councils, create a communications

council.

2.7

Identify and deploy activities
to increase employees’

adoption

Embedding information

(medical) equipment in day-to-day activities as an

systems or new
accepted routine is a challenge. Identify and
deploy activities to increase adoption with
stakeholders such as demonstrating relative
advantages, possibilities to observe and
experiment, demonstrate benefits, use training

and assign key users or champions.
gn key

2.8

Communicate with

stakeholders

Communication with stakeholders increases

engagement and involvement of stakeholders.

Set up a communications plan, consisting of
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Id

Implementation Activities

Instructions for implementation

communication activities over time. Involved
stakeholders should be aware what their role is
relating to the new (medical) equipment. For
example, nursing personnel should be familiar
with the instrumentation needs and they should
be proficient in properly connecting, calibrating,
set up and wuse (medical) equipment.
Communication activities can be: (pre-operative)
group briefings, interviewing stakeholders, using
videos and newsletters, developing patient

centered information.

Technological preparation

31

Prepare equipment

Prepare technical facilities related to the use of
the information system or device in the OR e.g,,

power and plugs (if needed)

3.2

Consider ergonomic aspects

Introducing a new tool or system may affect
ergonomic aspects of staff in the OR. Consider
these aspects in an early stage of the project, prior
to implementations. Simulations may lead to
ergonomic changes and positioning of tools in
the OR.

3.3

Prepare interfaces with other

information systems

Introducing new equipment requires integration
in and with other devices in the OR. Consider the
connectivity to the clinical networks to ensure

safety and reliability.

3.4

Integrate ~ device  within

existing environment

The introduction of new equipment affects
These

and existing

current workflows and processes.

workflows need to updated,
standard operating procedures need to be

updated accordingly.

3.5

Manage generated data

When introducing equipment data can be
generated and/or stored, e.g. when introducing a
new information system. Consider data
processing and security aspects and develop or

update procedures.

3.6

Set up maintenance plan

New equipment in use should be maintained
periodically and in case of problems, support
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Id

Implementation Activities

Instructions for implementation

should be available. T'o address and facilitate this,
a maintenance plan should be set up.

Provide instructions how to maintain (clean)
tools/equipment such as scteens in the OR and

confirm who is responsible for this activity.

3.7

Update safety (regulations)

The introduction of new equipment may affect
work activities of personnel. Assess the safety
procedures and if needed, update these

procedures accordingly.

Training and evaluation

41

Train involved staff

(Recurrent) training is crucial for correct and safe
use of the system or tool and affects adoption
and success of an implementation. Training
focuses on technical skills and non-technical
skills. Technical skills may include cognitive,
integrative, and automatic skills such as congress
visits, demonstrations, research results, online
courses, knowledge training, expert opinions,
and simulation trainings. Specific trainings on
changing ICT and updated workflows and
activities should be included as well. Non-
technical skills may include decision making,
communication and leadership skills.

42

Interpret screens and

troubleshooting

In case of electronic equipment, notifications
may occur visibly on screens, lights, or audible
(alarms). Involved personnel should be able to
interpret these notifications and should be able

to troubleshoot in case of occurring problems.

4.3

Assess Skills

To assess the readiness for use, a skills
assessment plan needs be developed and
executed, tailored to the stakeholders. This plan
may include supervision by co-workers. An
assessment plan can be determined and executed
by a manufacturer, the hospital or a department.
(If applicable) assess whether skills need to be
recorded and tracked.

4.4

Evaluate experiences

Evaluate experiences and gather feedback

regarding the use of the new device, provide
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Id Implementation Activities Instructions for implementation
input to optimize the device, the use of the
device or the workflow.
) . Evaluate the implementation process and relate
Evaluate implementation L .
45 results to the performance indicators mentioned
process

in the implementation plan.






