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Abstract

Literature and Regulatory bodies growing interest in End-Users’ implication in Medical Device
Technologies (MDTs) development processes are a clear proof of the importance of this involve-
ment and the positive impacts it can have on the development, implementation and use of MDTs,
thus subsequent improvements in healthcare services’ delivery. However, existing research has
mainly been focused on the theoretical importance of this involvement, and the manufacturers’
views and attitudes, with little attention focused on End-Users’ concerns and thoughts concerning
this process. The aim of this paper is to identify the perspectives of Nurses and Doctors as the best
representatives of MDT End-Users, regarding their own involvement in MDT development processes.
The results of 49 semi-structured interviews conducted with End-Users, helped identify a number
of high-level themes: 1) End-Users’ conflicting perspective with that of manufacturers regarding
the impact of their involvement in MDT development; 2) End-Users’ concerns regarding the nature
of their contribution, its level and their suggestions for a potential amelioration. These results re-
veal the importance End-Users attach to their involvement in MDT development processes, and
the added value they perceive for the proper development as well as upgrade of MDTs. It also un-
derlines many concerns they have regarding the current patterns of involvement, and suggests
their recommendations for a standardization of this process, with input on forms and levels of in-
volvement.
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1. Introduction

End-user involvement in the development of medical device technologies (MDTs) has been the focus of many
recent researches [1]-[6]. As a matter of fact this involvement has proved beneficial at many levels: improved
patient safety [7], increased user satisfaction [8], reduction is development costs while limiting redesign [9]—a
finding contested by other authors [10] [11]—and increased likelihood of commercial success [2]. This pheno-
menon became an imperative in MDTD (Medical Device Technology Development) after international bodies
amongst which the US Food and Drug Administration [12] and the European Union [10] [13] started requiring
user participation as well as user-focused development of medical device technologies as regulatory require-
ments that would lead to licensing and subsequent commercialization of the MDTs in the USA and the EU.

1.1. A Form of Open-Innovation?

The idea of open innovation comes in contrast with the traditional innovation development processes [14]-[16],
following more iterative processes, involving different internal but also external stakeholders and following un-
conventional methods of development [17]. A particular matter of interest that comes in contrast with the tradi-
tional in-house approach (Figure 1) is the involvement of new parties in the development process (Figure 2)
like outsiders, competitors, universities and end-users more particularly [18]. Active implication of end-users is
therefore proven of substantial advantage to the innovation itself and to its subsequent commercialization and
market-acceptance [18]-[20].

1.2. Where Is the End-User Involved?

Based on the seven phases of industrial product development [21]: 1) Idea, 2) Preliminary Assessment, 3) Con-
cept, 4) Development, 5) Testing, 6) Trial, 7) Launch [21], Biemans (1991) [22] tried to identify where in this
7-phase process was the role of the end-user most significant. On a study performed on 17 MDTs of 13 different
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manufacturers it was shown that “end-users dominated the initial stages of the product development process
while the manufacturers became the dominant party during the development of the prototype”. Indeed, humer-
ous works have emphasized the role of the end-users in the more preliminary phases of development: idea gen-
eration and conceptualization [2] [3] [6] [22], a role that can be of significant advantage to the manufacturer [22].
Literature however is strongly based on studies performed on manufacturers and developers [1]-[3] [6] [10]-[12]
[22] and there is an absence [6] of works concentrated on the end-users’ perception of their own participation,
and their personal subsequent satisfaction. In this study, we will concentrate our efforts to identify the end-users’
perceptions on this phenomenon, and thus evaluate end-users’ beliefs as compared to the manufacturers’
thoughts. In this study we will concentrate on Cooper [21], 7-step approach as opposed to the 4-step develop-
ment process suggested by Shah et al. [11]. By basing our study on 7 steps instead of 4 we allow the participants
a broader range of choice and decision in regards to the level of involvement they believe they have been in-
volved in, or think their involvement would be advantageous. Shah et al. [11]’s Step 1 merges the idea genera-
tion phase, the preliminary assessment as well as the conceptualization phases pointed by Biemans [22] (Phases
1, 2 & 3). Step 2 corresponds to the Development phase (Phase 4), Step 3 regroups in-house testing and field tri-
al, phases 5 & 6 respectively and Step 4 contains the Launch phase but also a “market & user-feedback” phase
absent in Cooper’s [21] and Biemans’ [22] works.

1.3. Different Types of End-Users: Whom to Include in Our Study?

According to the literature the end-user in the case of MDTD can be one of the following: healthcare profes-
sionals, patients and lay caregivers [1] [3] [12]. Literature though tends to emphasize the contributions of
“lead-users” [15] portraying them as representatives of the major-users, or of high-professional healthcare indi-
viduals [11] and thus limiting the investigations concerning the role of the patients or of more down-the-line
healthcare professionals like nurses and family-members caregivers. There is evidence that involving end-users
in the planning and development of healthcare leads to more acceptable and satisfactory services, and this idea is
growing and has been defended by many previous works [4] [5], some of which went to recommend involving
patients and nurses as a mean of improving the quality of medical device technologies in particular [6]. Patients
with disabilities and special needs are less likely to be included in development processes according to the lite-
rature [2] [23], but healthcare and homecare technologies developed to assist them in mobility, activities of daily
living, medical care, nursing care, ventilation are significantly improving [24] [25], as are nurses and Healthcare
Workers lower in the Institution’s hierarchy. Nurses’ relationship as well as interactions with MDTs is substan-
tial and significant as they can be considered some of the main users of these technologies in providing health-
care services [26], and actively participate in the adoption and implementation of new systems within healthcare
facilities [27] [28]. Another interesting point is the impact MDTSs are shown to have on improving caregivers’
and nurses’ quality of life [29] [30] not limiting it to patients’ survival. Our definition of an end-user for the sake
of this present research will cover HCWSs (mainly Doctors and Nurses) with a special emphasis on nurses be-
cause of their frequent exclusion from previous studies [3].

1.4. Channels of Involvement

Manufacturers’ “search of excellence” is based on their best understanding of end-users’ needs [31] [32] which
usually happens through need assessment methods consisting of involving the end-user and underlining his spe-
cific needs and expectations so that the development can happen accordingly. However, users’ needs are often
bad interpreted [33] given they happen through intermediates between the end-user and the manufacturer, ex-
perts or sales executives who have direct access to the user with significant bias however in understanding his
needs. Some authors underline the role of third-parties in the development [21] which is often characterized of
the role of an intermediate between the manufacturer and the end-user which will render this latter relationship
as an indirect relationship. In this study we will try to identify, through the eye of the end-user, the form of their
implication (direct or indirect) and the extent of potential error in the translation of their comments and needs.
Overall, the aim of our study is to identify the involvement of end-users in the development of MDTSs’” inno-
vations as well as contribute to the optimization of this involvement. Unlike previous studies, we will gather our
data from end-users and not manufacturers pointing out their opinion concerning the actual degree of their in-
volvement, what they think their impact is and what they think it could be, their reccommendations on how their
participation could be more beneficial following the “how” and “when” of a probable involvement. Our works
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are thus based on their opinion and their suggestions in contrast with previous studies exclusively concentrated
on the manufacturers’ perspectives [3]. Based on our findings, we will suggest a development process that
would include end-users’ input at important stages, rendering this participation to a regulated pattern, as opposed
to the unregulated ad-hoc steps it actually follows [21] [23].

1.5. Research Question

As required in an exploratory qualitative study, our first step was to develop a main research question followed
by objectives based on the literature [37]. The aim of this research is to understand the process of End-Users’
involvement in the development processes of Healthcare Technologies (HTs) and medical equipment technolo-
gies (MDTs), based on the End-Users’ perspective and understanding. The main research question we intend to
answer is the following: What is the End-Users’ perception regarding their involvement in the Design & Devel-
opment of MDTs and what are the ways to improve this implication?
Under the banner of this main research question we can identify the following objectives:
e Evaluate End-Users’ perception of Manufacturers commitment to their implication in MDT Design & De-
velopment
o Identify the different levels of their current involvement
Identify aspects of their current involvement
Identify the channels of involvement, and evaluate direct contact with the manufacturer v/s through a
third-party
o Identify End-Users’ rate of satisfaction regarding this involvement and the ways they believe it can be im-
proved
o Contribute by the translation of end-users’ input to the development of a universal regulated process of in-
volvement

2. Methods
2.1. Semi-Structured Interviews

Due to the significant interaction between nurses and MDTs [26] [27] [29] [30], and little existing literature
studying their involvement as end-users in MDTD [3] [14] we have decided to focus our research on nurses as
the main end-user and identify their concerns, thoughts, ideas and recommendations. We have also decided to
add Medical Doctors in our sample because of the frequent interactions between Doctors and Nurses [34] [35] as
part of a medical team, as well as the significance of the Doctor-Technology relationship [36].

We have decided to conduct semi-structured interviews as opposed to our first thoughts of using a survey by
questionnaire to ensure [38]: first the flexibility and liberty given to the participant to express himself and ex-
pose his thoughts, second the relevance of the participation and the focus on main points of interest. Given our
previous understanding of the topic thus ability to develop relevant semi-structured question to guide our inter-
view [39] and the fact that we will not have more than one chance to interview each participant [40] semi-
structured interviews appeared as the best way to address our needs. Also [41] they 1) allow for clarification of
interesting and relevant issues [42], 2) can elicit valuable and complete information [43], and 3) enable the in-
terviewer to explore and clarify inconsistencies with the respondents’ accounts [44].

2.2. Contacting Healthcare Professionals & Sampling Technique

In June 2015, we participated to the SIDIIEF congress (6éme Congrés mondial des infirmiéres et infirmiers
francophones) in Montreal, Canada, for four consecutive days soliciting participation to our study during the
poster sessions [45]. This event can be considered as a good opportunity to meet and encounter HCWSs in gener-
al and nurses as well as doctors in particular, but also a good opportunity to meet attendees from different coun-
tries and thus different cultures. One of our ideas was to involve participants from different nationalities in order
to study the cultural effect, if any in this case. Cultural differences have been shown to have significant impact
in the field of healthcare technology mostly in regards to MDTs implementation, acceptance and resistance to
change [46] [47]. Participants were quickly informed of the nature & background of our study, they were handed
a consent form and asked to sign it should they agree to be part of our study. The survey being completely ano-
nymous, we faced no objection in this regard from any of the participants. The semi-structured interviews were
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conducted in the form of 15 to 20 min audiences.

Limited existing literature is available concerning this subject thus restricting our knowledge in developing a
sampling strategy. We have decided to conduct our research using a convenience sample. This sample requires
us to develop a sampling strategy based on our knowledge of the research area and the existing literature even if
limited [48] so we decided to target Nurses, Doctors, look at different cultural backgrounds. We also asked par-
ticipants to recommend useful potential candidates (snowball sample) [49]. This technique however forces us to
satisfy the following criteria from an analytical point of view: the relevance of the sample which we have justi-
fied previously in this paragraph, and the sample size in order to lead stability in the results [50].

2.3. Interview Guide and Questions

We will expose in this section some of the questions we asked during the semi-structured interviews, which
helped us guide our meetings and structure the flow of the conversation with each participant. Only some of the
questions will be included in this paragraph. This pre-developed guide that addressed the main points of interest
was developed based on the literature and previous works, on numerous brainstorming sessions between the au-
thors of this article, and on the consulting of peers.

Given the important impact the order of the questions can have on the quality of responses [51] have used a
specific order going from general questions preceding specific ones. In order to minimize inter-variability, we
have developed this guide with a particular attention to the design and layout. We did not have much concern
about the saliency of the guide—apparent relevance, importance and interest of the survey to the respondent—
health-related surveys being considered to be salient more than the average, and given the initial interest ex-
pressed by some end-users (patients and/or healthcare professionals) concerning our work which may contribute,
in a way or another, to the advancements in the quality of healthcare services they receive. Our questions were
subsequently reviewed and validated by peers at the “Center for Interuniversity Research and Analysis of Or-
ganizations” (CIRANO) and by a statistical expert to guarantee the credibility of the used scales and the formu-
lations of the questions.

Inquiries were made with participants in the two cases of MDT Development and MDT Amelioration. A total
of eight (8) mains questions were developed to inquire about End-Users’ perception some of which with a num-
ber of sub-questions to help us refine our inquiry.

1) How many times have you been involved in the development of a new healthcare innovation?

2) How many times have you been involved in the improvement of a healthcare innovation?

3) At which specific level or levels of development have you been involved?

4) What is your degree of agreement with the below?

[Strongly Disagree — Disagree — Neutral — Agree — Strongly Agree]

e | was in contact with the manufacturer directly (through direct contact with a professional hired and/or em-
ployed by the manufacturer)
A direct contact with the manufacturer would make me feel more involved
My involvement & recommendations can be beneficial to all users of the device and | believe mass produc-
tion should involve my modifications
My participation was in order to develop a new healthcare technology that was previously non-existent
My participation was in order to develop an improved version of the original first version of the innovation
e My participation was in order to develop an improved version of an existing product that was already up-
graded
5) How many times have you been asked by the manufacturer:
e about your satisfaction concerning the purchased device?
e about the technical performance of the device?
e to suggest improvements to the purchased device
6) How often do you think your comments were taken into consideration?
7) Have many times have you been contacted after you have given your comments in order to follow-up on
your suggestions?
8) Participants have also been asked to rate their implication (if any) in each of the phases of MDT develop-
ment (as in Biemans [22]) and to suggest at which steps they prefer to be involved as a recommendation for future
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implication.

3. Results and Discussion

Healthcare professionals interviewed totaled 49 participants, with ages varying from 25 to above 75 years and
experience with MDTSs ranging from 3 to 51 years. SIDIIEF being an international congress regrouping HCWSs
(Healthcare Workers) from francophone countries all over the world, we were able to gather a pool of partici-
pants from different nationalities that gave a sense of unbiaseness to our study, mainly from the following terri-
tories: Canada (within Quebec), Canada (outside Quebec), France, Belgium, Switzerland, Lebanon, Madagascar,
Cameroun, Mexico, Morocco, Tunisia, Algeria, Niger, Ivory Coast, Senegal and Mali.

Thirty-nine (39) of the participants answered being professional nurses practicing in Hospitals or Medical
Centers and ten (10) answered being practicing Medical Doctors.

The results of our work give rise to different themes that we will explore through different subsections each
concentrating on a specific subject. From the End-User satisfaction concerning the actual involvement, to the
stages of implication, followed by the aim of the involvement, the communication schemes, the forms of in-
volvement, the impact of the cultural factor and finally the End-Users’ recommendations, the following section
regroups all the above titles and examines each carefully, based on the findings of our research works.

3.1. Satisfaction Concerning Implication

As previously seen and expected, a significant number of participants declared having never been implicated or
approached for implication in MDTD processes. Twenty-one (21) out of the forty-nine (49) participants said to
have never been involved nor approached for involvement in a MDTD process, Fifteen (15) or 30.6% said to
have been implicated once or twice in MDTD processes, six (6) or 12.3% said three to five times, four (4) or 8%
talked about having been involved on 6 to 8 occasions and three (3) or 7% mentioned 9 times or more. It is to
mention these last 3 participants are all above 75 years of age, and in interaction with MDTs for over 50 years.
They revealed that most of these occasions happened in “recent years”, when they became renowned names in
the field, persons of reference or in key positions within their organizations. This is an argument supporting the
idea that “the richest understanding of products’ needs is held only by a few users” [52], especially that most se-
lected end-users satisfy certain criteria of experience, education and hierarchical position.

3.2. Stages of Implication

The 28 participants already involved in MDTD were asked about the stages of their implication (Table 1).

With 20 saying being implicated at the level of the Idea or of the Preliminary assessment, 17 at the level of
the testing, 5 at the trial and 5 at the launch compared to only 2 at the Concept level and 2 at the Development
level, we notice an involvement of end-users more focused on the preliminary stages of the MDTD process or
towards the end of it. The role they appear to have is of consultancy nature and advisory aspect, with little im-
plication in the actual design and engineering processing at the conceptualization or the development.

Interestingly, when the 49 participants were asked to define the stages they believe their involvement would
best benefit the project (Table 2), the patterns were to some extent a contrast to those of the actual involvement
patterns.

A significant attention exceeding 60% was given to the stages of Concept and Development, where the actual
involvement was shown to be the lowest (Table 1). This insistence to be involved at the design and engineering
stages is aimed to ensure an optimal translation of the end-users’ needs: “The best guarantee that our exact
needs will be well understood, well reported and perfectly translated in an optimal product, is that we be in-
volved in the engineering and the design missions with the R&D people. We will be able to comment, alter, dis-
cuss and advise before the design is made and then it is too late to make major modifications” stated a partici-
pant, which comes in opposition to Manufacturers’ opinion limiting the end-users’ role to the early stages of the
MDTD process, or to the later testing levels [3] [21], giving them strictly the power of suggestion and of feed-
back, with no interference in the technical conceptualization. Furthermore, 5 participants expressed an interest in
being involved at each and every one of the seven steps of MDTD, to ensure what they defined as a “delicate &
precise, but efficient& advantageous input”. With their presence at each step of the MDTD process, participants
seem confident that the developed product will answer perfectly their needs in all aspects of engineering ranging
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from technical and ergonomics, to performance and friendliness of use.

According to the participants, a planned and better structured involvement would significantly alter the final
developed product (Table 3): 23% believe a proper involvement would lead to a MDT that is more than 50%
improved than traditional methods, 20% expected an amelioration of 20% to 30% and 32% evaluate the
end-users’ involvement to bring a 10% to 20% refinement.

Only one of the 49 participants believes that the added value of his involvement would only benefit him as a
user as it will lead the product to an over-specialization and customization to his own use, which might not be
the preference of other users, whereas all the 48 other participants stated that their input would be beneficial for
all other users, thus towards a “mass production” of the resulting MDT.

3.3. Upgrade and Improvement

Participants also emphasized that their involvement should not only be limited to MDTD processes, but involve
MDTAU (Medical Device Technology Amelioration & Upgrading). Forty-three out of the 49 participants said
they would be interested in reporting technical deficiencies in MDTs thus contributing to the amelioration of the
technology, and 97% of them believe these technical deficiencies to often be life-threatening to the patient. “Any
technical problem, shutdown, or performance error at the level of the technology can be life-threatening to the
patient we are treating. But any discomfort or difficulty of use of the MDT linked to poor ergonomics or design
of the unit can also be of major circumstances on patients’ lives” said one participant, stating the importance of
finding HCWs satisfaction and acceptance of the technology to contribute to a smooth treatment environment
and an enhanced safety culture. Participants believe their involvement in MDTAU is not limited to failure re-
porting but is beneficial at numerous levels with recommendations that can attain different aspects of the MDT:
75% are confident their involvement will contribute to the increase in the performance of the MDT, 92% believe
they have recommendations that will substantially improve the software aspect, 93% said they have suggestions
to ameliorate ergonomics of the unit, increase user interface, thus facilitate its use and acceptance. Resistance to
technology being a major preoccupation nowadays and a matter of increasing interest [53], end-users’ involve-
ment in its conception or amelioration seems to constitute an alternative for a smooth acceptation of MDTs in
established healthcare environments.

3.4. Contact of Involvement

According to most of the participants, an ideal involvement would be in a direct contact with the manufacturer,
and with members of the R&D team handling the project development. Literature has however showed us there

Table 1. MDTD Stages of actual involvement of end-users.

MDTD Stages
Preliminary . .
Idea Assessment Concept Development Testing Trial Launch
14 6 2 2 17 5 5

Table 2. MDTD Stages of preferential involvement of end-users.

MDTD Stages
Idea eI Concept Development Testing Trial Launch
Assessment
6 6 23 21 7 8 3

Table 3. End-users’ expected improvement of MDTSs in case of proper involvement in MDTD processes.

Expected improvement in case of proper involvement
Insignificant Less than 10% 10% - 20% 20% - 30% More than 50%
1 11 16 10 11




S. Hani, N. de Marcellis-Warin

are different ways of involvement of End-Users in the MDTD processes [23]. Out of the 28 participants who
said they were previously approached and involved in MDTD, only 9 said to have cooperated directly with the
manufacturer’s team and with employees of the manufacturer. Five were involved via Government Agencies,
appointed by Governmental certification bodies in order to ensure end-users’ participation and the subsequent
obtaining of certifications, a criteria that became a requirement in different areas of the world [10] [12] [13].
Four mentioned being involved by partnering Universities. In this case, they were members of a HCWs com-
mittee within a University Hospital, and external manufacturers were conducting the development of the device
in cooperation with the University for the use of its laboratories and student expertise in a special biomedical
engineering program. Three mentioned being involved through their employers, whom they say, was a sort of
representative taking their opinion to the R&D team. Seven mentioned being involved through Distributors for
the manufacturer. Many reasons were stated justifying this fact: 1) the fact that the manufacturers’ premises
were in different countries or territories making communication difficult, 2) distributors played the role of a
buffer between the end-users and the manufacturers, and the distributors representatives, very often biomedical
engineering, were very knowledgeable technically and could translate best the end-users concerns, requirements
and recommendations to the R&D team, 3) communication management techniques between manufacturers and
their distributors are already established, thus using these channels means significantly less costs that having to
establish new channels directly with end-users.

However, participants appear to favor a direct contact with the manufacturer without going through a third-
party intermediary. When asked about if a direct connection with the manufacturer would make the participant
feel more involved in the MDTD processes, 88% stated they are totally supportive of this affirmation, their ar-
gument being: 1) the reduction in the errors reporting their opinions and thoughts, 2) a faster interaction, 3) and
an opportunity to better understand the manufacturer’s arguments and technical reasons behind taken decisions.
Last but not least, a significant concern that a direct End-user—Manufacturer interaction would help to reduce,
is the serious consideration of End-users’ opinions and suggestions. Of the 28 participants who had already been
involved in MDTD or MDTAU processes, 13 expressed skepticism whether their involvement was taken into
consideration at all and 11 said their opinion was taken into consideration only once or twice (Table 4).

These confirmations were made based on modifications or upgrades visible in the final version launched by
the manufacturer and not through feedback or through subsequent correspondence between the Manufacturer (or
third-party) and participant end-users: 75% of the participants involved in MDTD or MDTAU stated to have
never been contacted again by the manufacturer or third-party.

3.5. Forms of Involvement

Concerns raised by the participants were not limited to the quality of the contact with the manufacturer, but also
to the aspects and forms of this involvement. Many methods and ways of involving end-users in MDTD or
MDTAU processes are followed by manufacturers [1]-[3] [11] [29]. This can be done through Questionnaires
aiming to identify end-users’ needs, focus groups between R&D representatives and end-users, Individual Inter-
views, Cognitive task analysis as well as Trial Periods and feedback. Three participants expressed an interest in
being involved in all these five activities, which they judged necessary as a step to ensure proper end-user im-
plication. However, processing of all five activities for MDTD or MDTAU processes might raise some concerns
from the manufacturers in regards of management, time as well as financial resources, constraints that have al-
ready been pointed out in previous works [11] [21] [23]. Other participants expressed an interest in being part of
focus groups—14 participants—where they would be invited to sit with R&D team members and follow-up on
the development processes, 11 stated the best way of involvement would be through precise and concise ques-
tionnaires aiming to understand their needs and concerns regarding the technology, 12 said that individual inter-
views would be the best way for them to explain their opinion and contribute positively to the development or
amelioration of the MDT. Six participants prefer the traditional method of trial and feedback, where they would

Table 4. Number of times their opinion was taken into consideration in MDTAU processes (End-users’ perception).

End-users’ involvement taken into effect in MDTAU processes
Never 1-2times 3-5times 6 - 8 times 9 times or more

13 11 1 1 2
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be using a prototype during a defined period of time with periodic reviews with the manufacturer’s team, and
three mentioned an interest in cognitive task analysis as a preferred way of implication.

3.6. Culture

Even though the bigger part of participants were from developed countries (34 out the total 49), and only 15 par-
ticipants or 30% from developing nations, it was clear that a significant difference existed in their approach.
Professionals from Canada, France, Belgium and Switzerland appeared to have more precise, more concise re-
quirements, larger experience in MDTD implication, and richer knowledge in the ways and impacts of this im-
plication. They answered our questions with a higher focus on MDT processing details, came up with recom-
mendations for the improvement of their implication at the micro-level of the development with suggestions of
level implication, ways, sometimes examples. HCWSs from developing countries are less exposed to MDTD
processes and their implication is scarce. Poor MDTD industry in their countries might be a reason for their poor
and less frequent involvement. Many of their comments were focused on a simple adaptation of the MDT to the
environment of their country unlike micro-customization other participants had mentioned. An example of that
can be their needs of basic hydraulic, mechanical or even electrical backups to the MDT that would allow their
use reference to major power cutouts in their countries, a need that is rarely significant in the developed nations.
It seemed to us that MDT manufacturers are less keen on implicating users originating from these parts of the
world, but this reality doesn’t necessarily evolve from a culture effect rather from the overall conjuncture: 1) one
reason might be the difficulty of reach to end-users in these areas from manufacturers most of whom are based
in North America or Western Europe, 2) a second more viable reason can be the small representative market
developing countries constitute. The U.S. accounts alone for more than 50% of the global MDT market, and the
EU for an additional 25% leaving the rest of the world to share the remaining quarter [54]. This might explain
the focus of manufacturers in their choice of end-users to involve, wanting to enhance their market chances in
more significant world-markets thus raising their sales probabilities.

4. Recommendations and Conclusion

Many previous works have been developed around the involvement of end-users in MDTD processes [3] [21]
[23], most of them focusing however on the manufacturers’ perspectives and very siding on the end-users’ views
of the matter. This is in part is due to the difficulty in identifying proper participants, and most importantly re-
search methods. Having started with a questionnaire, we ended up having a 15min semi-structured interview
heavily based on the questionnaire with willing participants. As a form of conclusion, it is clear that the
end-users’ perspective regarding their actual involvement in MDTD or MDTAU processes differs from that of
manufacturers [3] [21]. First, it is important to point out that the levels of MDTD where the end-users see an in-
terest in being involved are not the same as the steps where manufacturers perceive and plan this involvement. It
is to note that end-users show an actual interest in being involved in all the steps of an MDTD (or MDTAU)
ranging from the idea to the trial, even to the launching where they can contribute to the organization of the
launching event, the deployment of the first units, first trainings to the staff, or simply share their experiences
with the first prototypes as success stories to facilitate technology acceptance and subsequently reduce resistance
to change [29]. It would be interesting to add an 8" step to the 7-steps of MDTD or MDTAU as suggested by
Biemans [22], this 8" step being a sub-part of Shah et al. [11]’s Step 4, focusing on the implication of users in
the feedback after deployment of MDTs in the market for the continuous improvement & upgrading of the
technology in relation to the market needs (Figure 3). This after-deployment implication has been accused by
many participants to be completely absent in the cases where no major breakdown is occurring, thus rendering
the MDTAU process reactive and not proactive, with manufacturers interested in upgrading the MDT only after
significant issues start appearing. Our suggestion would be an active implication of end-users at all steps of the
MDTD, but also in a continuous manner to ensure a further research and evaluation.

Participant end-users understand the concerns and of their involvement and some of them even pointed out
time and financial constraints of their potential involvement, as limitations manufacturers have, however, they
believe their participation in MDTD (or MDTAU) processes would facilitate technology acceptance thus in-
crease device deployment, limit need for reengineering thus reducing costs and increasing benefits. Furthermore,
and even when implicated, end-users are not always properly listened to as a result of the complexity of com-
munication channels with the manufacturers’ R&D teams. Another concern is the form of discrimination they
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Figure 3. Suggestion of End-User Involvement in MDTD and subsequently continuous MDTAU processes. Inspired by
Chesbrough [16], Biemans [22] & Cooper [23].

experience relatively to lead-users, professionals with higher qualifications, experience or hierarchical positions
whom are often not the real end-users of the MDTs. There lies another controversial issue, concerning the pro-
curement decisions of MDTs within Healthcare institutions where the decision-takers are frequently not the
HCWs who will be using the machine: HCWs in some instances feel the chosen MDT is imposed on them in a
top-down manner, fueling significant resistance to technology adoption [53].

5. Further Research

Time and sample constraints have limited the extent of our research, constituting a potential source of errors.
This work should be considered as exploratory. It would be interesting to reproduce this work with a bigger
sample, with a focus on one specific form of MDT so as to compare relatively different opinion as well as vali-
date our findings [54]. Another idea would be to organize panel-shaped focus groups comprising manufacturers
as well as end-users in order to compare arguments and counter-arguments and validate the conclusions of this
research work. It goes without mentioning that one better way of understanding what is actually going on in
MDTD processes would be through action research [55] [56], with the involvement of researchers in an actual
MDTD process alongside manufacturers and end-users. This option is however highly challenged by the availa-
bility of resources and opportunity.
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