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Abstract

The use of usability techniques to understand the user's perception is essential in the evaluation
and development of technological solutions in healthcare environments centered on the end user.
In the incorporation of technologies in healthcare establishments, the management has become
essential in terms of safety, reliability and efficiency for the patient. This article addresses the
techniques  of  interviews,  focus  groups,  surveys  and  the  delphi  method,  bringing  a  general
descriptive conceptual analysis of Human Factors Engineering techniques aiming to assist in the
management  of  health  technologies  more  efficiently  and  with  quality  for  the  patient.  The
techniques of  data  collection can be applied both in  the pre  commercialization stages of  the
technology, in the data collection of the user’s technological need and validation of prototypes of
new solutions, and in the post-commercialization stages, analyzing the main usability problems,
involving devices already commercially available. Each usability technique for data collection
has its advantages and disadvantages, and it is necessary to analyze the objective of the research
to determine the choice of the most appropriate method. This article addresses conceptually the
possibilities  of  practices  including  all  actors  in  the  technological  health  process  creates  a
collaborative, interdisciplinary and innovative ecosystem, with interaction of the technical area
with the clinical, essential to develop better technological solutions in health, focusing on the end
user's  needs.  The  application  of  these  tools  can  assist  the  Clinical  Engineering  area  in  the
discussion of strategies that may better use of technologies in patient care.

Keywords: Clinical Engineering,  Human Factors Engineering, Health Technology Management, Medical
Equipment,  Usability.

1. Introduction

The  use  of  technologies  in  the  health  area  is  increasingly  frequent  in  healthcare  establishments,
including home care. The technological diffusion to different environments highlights the importance
of carrying out an efficient and quality management of health technologies in order to guarantee their
adequate and safe use for end users. The Health Technologies Management (HTM) process consists
of an extremely effective approach to clinical  engineering aimed at  patient safety.  HTM operates
throughout the technological life cycle,  from the period of innovation, development, incorporation
and use, until its obsolescence, going through the pre marketing and post-marketing phases [1], [2].
The Biomedical Engineering Institute (IEB-UFSC) bases the Management of technologies through
three main pillars: infrastructure, human resources and the technology itself. The interaction between
them is extremely relevant to analyze the entire context in which it is being used. The search for
quality in the technological  process  is  achieved  by balancing the three  pillars,  contributing to an
improvement in safety, reliability and efficiency in the use of these technologies [3], [4], [5]. One of
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the requirements  to be considered in the process  of evaluating and developing new technological
solutions in health is usability, which establishes a relationship between the characteristics of human
factors with ease of use, efficiency and user satisfaction when using the technology [2], [6]. The area
of study of human interaction with other elements of a system to achieve adequate usability is Human
Factors Engineering, being fundamental to analyze human behavior in face of new technologies and
to establish improvements in usability protocols [6], [7].

Usability assessments can be performed both in the pre marketing stages, when the technologies
are still in the process of innovation, exploration, experimentation and evaluation of prototypes [8],
and in the post-marketing, when the technologies are already inserted in your user environment. To
assist  in  tests  and  evaluation with users,  the  construction of  a  collaborative  and interdisciplinary
ecosystem in which all the actors involved with technological resources in health interact with each
other, has great potential in helping to execute solutions and user-centered technological incorporation
[9].  The  insertion  of  suppliers,  developers,  researchers,  engineers,  designers,  patients  and  health
professionals  in the usability evaluation processes  before,  during and after  the implementation of
technological solutions in health, helps to improve safety, efficiency and satisfaction of the end user
[9].  Understanding  the  needs  of  users  helps  in  building  a  better  interaction  of  technologies  and
systems, and consequently makes products with more usability (more usable and efficient) and safer
[10].

The usability problems that can arise when using technologies, have the potential to cause harm to
the patient [11], an incident characterized as an adverse event [1]. Approximately 70% of adverse
events related to medical devices are due to some failure on the part of the operator, usually due to
limited human skills but often due to inadequate design projects in technological products [12]. To
improve solutions focused on better usability for the end user of the technology and to avoid the
occurrence of injuries to the patient, there are several techniques that can be applied. Each method has
specific principles and characteristics that need to be known to ensure that the analysis of medical
technologies is objective and with valid results [11]. Usability techniques can be classified into three
stages:  data collection, to understand users and the environment of use; human factor  assessment
methods and risk analysis [11]. The focus of the article will be on descriptive analysis data collection
techniques, which are used to collect information from users to be used for the management of health
technologies [13], [14], [15], [16], being used as the first approach for applying other human factors
techniques [11].

Usability techniques can be widely used in the evaluation and development of new technological
solutions focused on user experience,  assisting in the management process  of health technologies
throughout their life cycle, from the pre marketing stages to the post-marketing. The perspective of
health  professionals  can  be  analyzed  during  the  development  of  technological  solutions,  in  the
incorporation of technologies and in the continuous analysis of products, systems and / or processes
involved in health environments. The application of usability techniques reinforces the importance of
the interaction of health professionals with Clinical Engineering in the management of technologies,
contributing to the democratization of management and assisting in the decision-making processes in
the management stages of health technologies. The objective of the article is to provide rapid general
descriptive analysis of Human Factors Engineering techniques to know the perspective of the end user
of the health technologies in relation to the its usability, and  to present the conceptual analysis the
importance of application of the techniques during the life cycle of the technologies,, aiming to assist
in the management of health technologies more efficient and with quality for the patient.

XLIII Congreso Nacional de Ingeniería Biomédica, 15 – 17 de octubre 2020 



Descriptive Analysis of User-centered Usability Techniques                                  M. R. Brandão, et al.

2. Methodology

This  study  consists  of  a  descriptive  and  qualitative  research,  presenting  the  possibilities  and
importance of applying usability techniques throughout the technology's life cycle and to providing a
description of the methods for data collection involving medical equipment centered on the end user.
In this article, the focus is on usability techniques of data collection, which is a fundamental step to
start the processes of research and technological assessments, helping to understand the user's needs
and difficulties.

Some tools can be used in data collection: observational analysis, task analysis, interviews, focus
groups and surveys (questionnaires)  [11].  Observational  analysis and task analysis are  techniques
where the technology operator  is  observed,  and the data is  generated from the perspective of the
observer,  not  the technology user.  Understanding from the perspective  of  the individual helps  to
prevent the observer from introducing the bias of their own assumptions to something that has been
observed [11]. In order to extract as much information as possible from the end user, this comparative
study focuses on the following techniques: interviews, which are individual meetings where a person
responsible for data collection obtains information from one or more participants [17]; focus groups,
which consists of a technique in which an interview is conducted with a small group of participants by
a  trained  moderator  [11],  [17],  [20],  and  survey,  which  is  a  method  used  to  collect  data  from
participants through a tool (form/questionnaire) that contains open or structured questions [17], [19].
An additional  technique  called  the  Delphi  method will  also be  presented,  being  a branch  of  the
survey, however it seeks to obtain a satisfactory convergence of opinions from a group of participants
through the interactive and sequential  application of questionnaires,  where in each interaction the
feedback  is  given  to  each  one  of  the  participants  related  to  the  questionnaires  answered  with  a
summary presentation of the results of the previous round [18].

This  research  was  conducted  in  two  stages:  a  rapid  descriptive  analysis  of  the  interview
techniques, focus groups, research and Delphi method, and the theoretical approach to the application
of  data  collection  in  the  management  of  health  technologies.  Initially,  to  differentiate  each  data
collection  technique  for  technological  development  and  /  or  evaluation,  a  rapid  analysis  was
developed  between  the  techniques  of  interviews,  focus  groups,  surveys  and  the  Delphi  method,
containing a description of the advantages and disadvantages of each one, to assist in choosing the
technique that best corresponds to the research expectation. 

Then,  a  theoretical  study  was  carried  out  on  the  possibilities  of  using  usability  techniques
throughout the life cycle of health technologies, involving the end user in each of the phases. Data
collections can occur in the technological pre-commercialization processes, in the stages of creation,
research,  development  and  testing  of  prototypes.  As  well  as  in  post-marketing,  in  the  stages  of
planning and technological  selection in healthcare  environments  and when the product is  already
inserted in healthcare facilities or in home environments, in the case of technologies that are present
in home care.

3. Results and Discussion

Empirical  approaches  using  human  factor  engineering  techniques  to  identify  potential  hazards
involved in the interaction of users interacting with health technologies or their prototype, provide
additional information in the technological development process. For the data to be reliable and valid,
it  is important that  the studies include the intended users,  making the information as impartial  as
possible in order to capture the responses of the participants regarding their needs in the use of health
technologies  [21].  The  processes  of  application  of  human  factors  engineering  through  usability
techniques are recommended in the development of new products for health, in the pre-marketing

XLIII Congreso Nacional de Ingeniería Biomédica, 15 – 17 de octubre 2020 



Descriptive Analysis of User-centered Usability Techniques                                  M. R. Brandão, et al.

stages,  being  also  important  in  the  post-marketing  stages  so  that  the  technological  design
improvements  are  updated  constantly,  iterating  whenever  possible  with  technology  users.  The
following is a brief descriptive analysis of usability techniques and an analysis of the possibilities of
applying methods in the management  of health  technologies throughout the life  cycle of  medical
equipment.

3.1. Rapid descriptive analysis

There  is  not  only  a  single  ideal  technique  that  can  meet  all  needs,  therefore,  it  is  suggested  a
combination and choice of methods that consider the resource limitations for conducting the research
[2]. Each technique has its advantages and disadvantages depending on the objective of the study. A
more detailed specification of the differences between the techniques of interviews, focus groups,
surveys and the delphi method is shown in table 1.

Interviews and focus groups are flexible methods, as the interviewer can conduct in real time,
making the most of the interviewee's responses [11]. These methods generate qualitative information
about the perceptions, opinions, beliefs and attitudes of individuals or groups of device users and
patients. Users may be asked to describe their experiences with existing devices, specific problems
they had while using them and provide their perspectives on how a new device should be designed
[21].

 The surveys are preferably chosen when it is desirable to obtain a greater number of participation,
or when there is a difficulty in the availability of an interview and or focus group. This technique may
involve  a  contextual  consultation  of  the  user's  interaction  with  health  technologies,  in  order  to
understand the users' perspectives on the difficulties of interaction with medical equipment.

Some of the main operational differences of the techniques are: surveys and interviews take place
individually, as a focus group collectively; the instrument used to collect data from the interview is a
script of questions as well as in the focus group, used to guide the moderator and / or the interviewer,
in the surveys a questionnaire or form containing fixed and static questions is used for answered by
the participants.

The implementation of practices that involve all stakeholders in health technologies is essential in
the processes of technological development and assessment, aiming at the discussion, construction
and validation of strategies that will help to improve patient care. Courses in the health field, such as
nursing, medicine and physiotherapy, have great importance for the sectors of technology, innovation
and clinical  engineering,  as they can contribute to the development of technological  solutions for
health, bringing the final product or process of the clinical reality of the services. There is often no
communication  between  sectors,  and  analyzes  are  carried  out  without  a  complete  evaluation  of
information  that  has  the  potential  to  be  collected.  The absence  of  the  clinical  staff  in  all  health
technology processes, both in development, incorporation and use, results in projects, products and
processes  without  testing  with  users,  without  validating  the  usability  of  professionals  who  use
technology on a daily basis as well as in lack of training on best practices in the use of technologies.
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Table 1: ADVANTAGES AND DISADVANTAGES OF USABILITY TECHNIQUES [11], [17],
[18], [19], [20], [22],  [23].

Technique Description Benefits Disadvantages

Individual 
Interview

Meeting in which the 
researcher asks 
questions and the 
participants individually 
provide the answers. 

- Obtaining information about the 
user's individual perspectives and 
experiences and without 
interference from other people;
- Interviewers can delve into 
issues in real time, to delve into a 
particular subject of interest.
- Interaction in real time between 
the interviewer and the 
participant.

- Interviewer can induce bias when asking 
questions;
- The order of the questions can influence 
the answers;
- Does not address how the team does the 
work in reality;
- There is no interaction with others to 
share ideas.

Focus 
groups

Meeting with a small 
group of participants to 
answer and discuss 
questions on a specific 
topic. 

- Possibility of greater insight, 
group stimuli (exchange of 
experience and opinions among 
participants);
- Group synergism, making 
participants reflect on factors that 
might not reflect on their own;
- One-time interaction with all 
participants.
- Possibility of the moderator to 
deepen and instigate certain topics
and explore subjects.

- Group tendencies, which can generate 
confirmation, polarization or oppressed 
opinions by the participants;
- Does not guarantee anonymity 
(embarrassing or controversial topics may 
not offer real answers);
- Difficulty in selecting and participating in
the session (difficulty in uniting all 
participants)
- Session can be dominated by a single 
participant, distorting the objective of 
group interaction.
- Incorrect judgment of the data and biased
moderation.

Survey Application of a 
questionnaire to be 
answered individually 
by the participant, with 
structured, semi-
structured or 
unstructured questions.

- Performed anonymously, 
without having to worry about 
being exposed to other people;
- The participants choose the time
and place for the research;
- Participant can reflect before 
taking a survey;
- Obtaining standardized data set 
to conduct statistical analysis.

- Risk of obtaining incomplete information
from users' perspectives since it is not 
possible to formulate questions or delve 
into a particular subject in real time;
- Static tools, it is not possible to have real-
time interaction with the participant.
- Issues can be misinterpreted, generating 
inaccurate or incomplete data;
- It can be difficult to capture detailed 
information from past incidents, 
understand the real causes.

Delphi Application of a series 
of questionnaires to a 
certain number of 
participants, interspersed
with feedback. 

- Allows anonymity (equality in 
the expression of ideas);
- Controlled feedback;
- Possibility to obtain statistical 
response from the group,
- Minimizing the omission of 
participants and political 
manipulation;
- Production of a large amount of 
ideas and the possibility of 
individual and collective 
reflection on a subject;
- Sharing ideas between experts.

- Difficulty in creating an unambiguous 
questionnaire,
- Difficulty in the selection and quality of 
the sample;
- Participants can give up the research 
during the occurrence of interactions;
- Time to carry out analyzes and feedbacks
between interactions;
- In order to reach a consensus, some 
relevant ideas for research can be left out.
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3.2. Application in Health Technology Management

Usability  techniques  for  data  collection  must  be  applied  throughout  the  management  of  health
technologies. A diagram containing the interaction of the main actors in the health network (health
professionals, suppliers, clinical engineers, technicians, patients, among others) with the technologies
is shown in fig. 1.

Fig. 1. Application of usability techniques in the management of health technologies.

 The pre marketing can be subdivided into three main stages: ideation and research, creation and
development, and prototype tests. In the pre-marketing stage, it is the moment when technology is in
the development of technological solutions. The insertion of the user in the survey of data is important
for knowing the need for technology and the validation of the idea or product. With this it is possible
to reduce future complications, as it anticipates possible usability problems that the technology may
offer.  After  idealizing and developing the technology, a product prototype is generated,  which is
essential to be tested by users to validate the product and verify aspects to make possible adjustments.
Many  problems  with  medical  equipment  can  stem  from  inadequate  technology  design.  By
incorporating  techniques  in  technological  development,  many  problems  can  be  anticipated  and
improvements can be made in advance. In addition to improving patient safety, the application of
usability  techniques,  taking into account  the  user’s  perspective  during the development  of  health
products, reduces the need for changes in design after the introduction to the market, being a great
competitive advantage in cost reduction [21]. 

The  post  marketing  stages  can  be  subdivided  into  the  stage  of  planning  and  technological
selection, use and evaluation of obsolescence or final disposal. In the post marketing stage, usability
techniques should be applied: for the evaluation of commercially available technologies, interacting
with the clinical staff to analyze the feasibility and technological acceptability by operators, as for
example in the study applying structured interviews with health professionals to evaluate the process
of incorporating infusion devices [24];  to analyze the recurring usability problems that  can cause

XLIII Congreso Nacional de Ingeniería Biomédica, 15 – 17 de octubre 2020 



Descriptive Analysis of User-centered Usability Techniques                                  M. R. Brandão, et al.

adverse events in patients, and with this to establish specific strategies and improvements in new
solutions;  in  addition  to  being  able  to  analyze  technologies  to  verify  the  need  for  technological
substitution. Many adverse events in healthcare facilities involve technologies. When a technology
does not work according to its technical specifications, due to a technical, mechanical or software
failure,  it  can cause  an adverse  event.  In  addition,  when a technology is  not well  inserted  in its
environment and with its operators it can also lead to an adverse event. Another common cause of
adverse event is when the equipment is not designed, selected and implemented using the principles
of human factor engineering [11]. Thus, employing usability techniques is able to identify the risks
and dangers associated with the use of technologies and thus it is possible to mitigate and reduce these
problems. As clinical engineering is the area responsible for managing technologies throughout the
life cycle,  ensuring more quality and safety in the use of technologies,  the use of human factors
techniques has great potential to assist the area in the most reliable use by end users.

4. Conclusion

The use of usability techniques serves to understand the perception of the end user is essential for the
management of health technologies throughout their life cycle, helping to develop more reliable and
safe solutions for the end user. The new technological solutions to be developed must be thought of to
solve the problem that the population of interest has. The techniques for data collection can be used
for market analysis, since it is essential to understand the real need of the end user of the technology
to develop a product that is useful and easy to use, enabling the verification and better description of
the problem to assist in decision making in the management of health technologies.

The usability tools for data collection analyzed in this study (interviews, focus groups, surveys and
the delphi method) are important to start the technological evaluation research. This article has carried
out a theoretical analysis of these techniques, showing possible applications and importance in the
management of technologies. Each technique has its advantages and disadvantages, and the choice of
its application will depend on the objective of each research. Interviews and surveys are techniques to
be  applied  individually,  guaranteeing  anonymity  and  reducing  external  interference  in  responses.
Focus groups, on the other hand, correspond to a method that encourages group interaction, which can
be important for a more interdisciplinary and collective perception of problems. For a more complete
analysis  of  the  usability  of  the  technologies,  joint  methods  should  be  conducted,  both  for  data
collection  discussed  in  this  study  and  for  observations  in  the  usage  environment,  task  analysis,
heuristic evaluation and usability tests. 

Health consists of an environment composed of multiple actors, which must be thought of in a
systematic way, aiming to understand and encompass the maximum of involved. The interaction of
the technical area with the clinical staff has great potential to develop better technological solutions in
health, focusing on the needs of the end user. The importance of encouraging health professionals to
act in technological development, as well as professionals in the technical area, is emphasized as the
need to unite both areas. This union is essential for the further advancement of Clinical Engineering,
in the discussion, construction and validation of strategies that may assist in the prevention of adverse
events and other problems, aiming at a more humanized management of health technologies, focused
on the best user experience and focused on quality and safety for the patient.
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