Building bridges between technology and medicine: 
Design and evaluation of the Technical Medicine curriculum
M. Groenier[footnoteRef:1]
University of Twente
Enschede, The Netherlands [1:  Corresponding Author 
M. Groenier
m.groenier@utwente.nl] 

H. A. Th. Miedema
University of Twente
Enschede, The Netherlands
Conference Key Areas: Please select two Conference Key Topics
Keywords: curriculum design; curriculum evaluation; quality of patient care; innovation; medical technology
ABSTRACT
Background. Technology takes an increasingly central role in healthcare. Rapid technological developments, complex problems and a labour market shortage requires healthcare professionals who can adapt successfully to these changes. Healthcare professionals using medical technology can no longer rely on monodisciplinary knowledge and skills. Therefore, a curriculum was developed to educate a new healthcare professional who can translate medical technology use into improved patient-specific procedures, the Technical Physician. 
Objective. Qualitative analysis of the curriculum design, curriculum effectiveness and impact on Technical Physicians’ practice in relation to quality of direct patient care.
Methodology. An educational design model was followed. Cognitive integration, self-directed learning, and technical-medical design projects were selected as main instructional principles. The impact of the curriculum was evaluated by 1) internal evaluation and accreditation reports and 2) semi-structured interviews with 30 alumni about the impact of Technical Physicians’ practice on quality of direct patient care. 
Results. The internal evaluation and accreditation reports showed that changes in the curriculum were required to ensure adaptive expertise development, enhance reflection and support continuing faculty development. Preliminary analysis of the interviews showed that alumni reported increased patient safety and more efficient and effective implementation of technology. 
Discussion. Technical Physicians report that they are able to translate and use technology for safe, efficient and effective solutions for patient-specific problems in direct patient care. An important question that remains to be answered is whether our theory-inspired instructional principles result in adaptive expertise development in practice.

INTRODUCTION
Medical technologies are prominent in the top 10 most important innovations in medicine, according to a 2001 study by Fuchs and Sox [1]. A recent study by Aarts et al. [2] showed that physicians working in a high-tech clinical environment anticipated a further increase of technology use in healthcare. However, healthcare organizations and professionals are still often insufficiently aware of the risks associated with medical technology use [3,4]. Inappropriate use of medical technology by healthcare professionals who are unskilled but unaware of it leads to inefficient health care at best, or adverse events at worst [3,4]. The increasingly crucial role of technology in healthcare, combined with complex challenges and a labour market shortage, requires healthcare professionals who can adapt successfully to these changes [5]. 
Technical medical expertise
Healthcare professionals using medical technology can no longer rely on monodisciplinary knowledge and skills [6]. The challenges that healthcare professionals encounter when applying new technology or existing technology in a novel way are fundamentally different from the traditional diagnostic problems they were trained to tackle [7]. These problems where technology is used to innovate healthcare can be characterised as design problems [8]. Solving design problem requires conceptual knowledge, i.e. understanding the underlying principles used, knowing the functional requirements and knowing why. Also, for successful technology use with a specific patient, healthcare professionals need to be able to assess the consequences of the interaction between technology and the human body. These patient-specific, technological solutions should therefore be provided by professionals specifically trained to do so. A new healthcare professional is needed with specific technical-medical expertise to translate medical technology use into improved patient-specific procedures. These developments have led to the start of a new healthcare profession, the Technical Physician. As De Haan et al. [9] stated, it was assumed that the introduction of Technical Physicians in healthcare would increase the overall effectiveness and efficiency of direct patient care when using technology in innovative ways. 

This concept paper reports on the qualitative findings regarding a) the design of a curriculum for Technical Physicians (TPs), b) curriculum effectiveness and c) perceived impact of the curriculum on TPs’ practice in relation to the quality of direct patient care.
Methodology
Study setting and curriculum design
The curriculum was developed in The Netherlands at the University of Twente and implemented in 2003 (see Groenier et al. [10] for a more detailed description of the curriculum). A common and generic educational design model was followed [11]. Author HM was responsible for the design of the curriculum. A needs assessment was performed consisting of a literature review and interviews. Adaptive expertise theory [12] and research-based design [13] form the foundation of the professional profile. Three instructional principles were derived from the literature: cognitive integration to stimulate conceptual understanding and knowing why (cf. Lisk et al. [14]), self-directed learning to support students in developing their competencies (cf. Birney et al.[15]) and technical-medical design projects to practice solving complex, authentic technical-medical problems (cf. Carbonell et al. [16]). The content and core competencies of the curriculum were derived from the interviews with subject matter experts from various disciplines (e.g., physics, electrotechnical engineering, pathology, internal medicine, psychology). The curriculum spans six years: three undergraduate years and three graduate years, see Figure 1. 
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	Fig. 1. Structure of the six year Technical Medicine curriculum (from Groenier et al., 2017)



Curriculum evaluation
Curriculum effectiveness was evaluated by examining internal evaluations and accreditation reports of the first years after the start of the curriculum in 2003. The perceived impact of the curriculum on TPs’ practice in relation to quality of direct patient care was evaluated with semi-structured interviews with alumni of the Technical Medicine educational program. 
Data collection interviews
Semi-structured, in-depth interviews were conducted in 2017-2018 with 30 TPs to explore the role and impact of TPs in healthcare. Practicing TPs were contacted through the Technical Medicine program of the University of Twente and the Dutch Association for Technical Medicine (NVvTG). The interview questions consisted of pre-structured and open-ended questions. They were divided into three sub-categories: daily work, impact indicators and additional comments. Impact indicators of TPs’ practice on quality of direct patient care were: efficiency and effectiveness, safety, innovation and task shifting. Efficiency was defined as the degree to which actions of the Technical Physician resulted in reduced use of resources, e.g., equipment or staff, time to perform a medical intervention or time spent in the hospital, e.g., fewer visits to the hospital per patient. Effectiveness was defined as the degree to which actions of the Technical Physician resulted in more accurate, targeted or comfortable patient care, e.g., regarding diagnosis or treatment. Innovation was broadly defined as all actions of a Technical Physician that resulted in a new idea for improving patient care. Safety was also broadly defined as all actions of a Technical Physician that affected patient safety. All questions were constructed in consultation with a senior Health Sciences researcher. Six research assistants conducted the interviews, in person or by video call and all interviews were audio-recorded. 
Data analysis
All available internal evaluations and accreditation reports of the early years of the curriculum were reviewed and summarized by HM. Recurring themes were extracted from the reports. 

Each interview was reviewed by a different pair of research assistants. The first research assistant created a list of keywords mentioned by the interviewee for each impact indicator. The second research assistant reviewed the work of the first and revised the keywords if necessary. Next, the keywords were categorized into broader themes by three of the research assistants for each impact indicator across all interviewees. In case of disagreements between the research assistants, the differences were discussed until consensus was reached. The analysis resulted in a set of keywords for each category for each of the impact indicators. 
Results
[bookmark: _heading=h.gjdgxs]Internal evaluations and accreditation reports
The internal evaluation and accreditation reports showed that changes in the curriculum were required to ensure adaptive expertise development, enhance reflection and support continuing faculty development (see Groenier et al. [10] and Miedema [17] for a more elaborate discussion). First, adaptive expertise development needed to be supported more for clinical skill acquisition, such as surgical skills. Instead of focusing on skill automation, innovating the medical intervention in which these skills are needed should be encouraged. Second, students needed more practice in critical reflection through experience-based learning, such as reflecting on professional development during internships. Finally, faculty needed continuous support in translating their knowledge and skills to the technical-medicine domain and integrating core concepts from different domains into the curriculum.
Interviews
Characteristics of Technical Physicians
There are currently over 450 alumni of which 63% worked in a hospital in 2018. Thirty TPs (22 male) agreed to participate in the interview study (average number of years since graduation = 4.3 years; standard deviation = 2.0; range = 0 – 9 years). Most TPs worked as a PhD student (n = 9) or in the position of Technical Physician (n = 8). 
Effectiveness and efficiency
TPs mentioned an increase in effectiveness and efficiency for several aspects of healthcare as a result of their practice. They related an increase of effectiveness to more effective clinical processes involving the use of medical technology, an increase in quality of care and more patient-specific interventions. An increase in efficiency was attributed to being able to combine technical and medical knowledge in clinical practice, shorter duration of interventions and increased accuracy of interventions. Not all TPs noticed an increase in effectiveness or efficiency. This was mostly due to their work being part of research rather than care and because they felt it was hard to quantify effectiveness or efficiency. 
Safety
The majority of TPs reported an increase in safety of the clinical interventions they were responsible for. They related this increase in safety to their mastery of technical knowledge, the application of safety margins and outcomes, and risk management during the interventions. Some TPs stated that they were not certain if safety had increased as a result of their practice. Also, some mentioned that the safety precautions they put in place could also be safeguarded by other healthcare professionals. 
Innovation
All TPs stated that they contributed to innovation in healthcare. The innovations consisted of, among others, the development of new tools for diagnosis and therapy, finding new applications for existing technology and establishing standards and protocols for safe and effective use of technology in healthcare. 
Task shifting
TPs also commented on the possibilities to shift their tasks to other healthcare professionals, in other words: can someone else do their job? Most agreed that it was possible to shift (some of) their tasks to others, but only at a cost. They mentioned that task shifting would result in more manpower and resources or that the quality of work would be reduced. Others stated that their tasks could not be replaced because others lack the required technical-medical competencies. Also, some TPs indicated that they felt it was hard to quantify.
conclusions and future directions
The Technical Medicine curriculum aims to prepare their graduates for building bridges between engineering and medicine, that is to be able to “translate medical technology into effective, safe and innovative patient care.” (Groenier et al. [10], p. 629). From our preliminary analysis of the interviews with practicing TPs, we conclude that, from their perspective, they contribute to more efficient and effective clinical processes, to increased patient safety and to innovating medical interventions. However, there was also a number of TPs who did not perceive a clear impact of their practice on improving the quality of healthcare. One of the reasons for not observing an impact was that indicators such as effectiveness and safety are hard to quantify. Also, the majority of TPs work on research projects in hospitals and those TPs state that they see a potential for impact of their work in the future instead of already having an impact on current clinical practice. We agree with De Haan et al. (2019) who state that barriers of the social setting, in this case hospitals, negatively influence the impact of TPs practice. Our results should therefore be viewed in light of these barriers that TPs might experience in clinical practice. 

From our analysis of the evaluation and accreditation reports we learned that supporting the integration of and translating between the engineering and medical domain is not only relevant for educating TPs, but also for professional development of our faculty who have diverse disciplinary perspectives. This implies that educational program management needs to actively provide tools and support for faculty to translate between domains when designing education for Technical Medicine students. 
Future directions
To better equip future TPs for their clinical practice, we need to understand how the barriers and facilitators mentioned in the De Haan et al. [9] study are related to our TPs perception of their impact on quality of direct patient care. Do TPs who experience few social barriers feel that they can contribute more to quality of direct patient care? How do TPs in different social settings cope with the challenges and barriers of an emerging profession? Also, in the current study we only examined the TPs’ perspective. In a follow-up analysis, we will explore medical specialists’ perception of the impact of TPs’ practice on the quality of direct patient care in their organisation. Furthermore, an important educational question that remains to be answered is whether our theory-inspired instructional principles result in adaptive expertise development in practice.
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