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Abstract 

Usability is a key notion in most of products, especially for the medical devices. Nevertheless, 

sometimes this notion can be shelved in favour of other priorities such as reliability of the product. 

However many incidents related to products find their origin in bad usability. It's the reason why 

usability should reaffirm its role in product design by a greater inclusion. The challenge of this situation 

is to introduce the usability notion in the design process of products as medical devices in a simple and 

easily understandable way while the sector of medical devices for example is mostly made up of SMEs. 

A usability quantification would enable the enforcement of its role in this type of design. Moreover, 

usability quantification tools are often seen with a point-in-time approach that inhibit a complete 

integration in the design process. Finally usability quantification in the form of an index monitoring the 

product during its design process could be a solution to help the design team in decision-making, 

enhance the communication in the design team about usability and popularize the notion among the 

general public. 
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1 INTRODUCTION 

Medical devices are a product category which is an important component of the industry with a high 

innovation potential. This particular product type is defined by a legal framework, which may differ in 

different countries (CEE, 1993) (OLRC). This group contains a wide diverse range of products. For a 

long time, medical devices manufacturers focused on product reliability and shelved other notions such 

as ergonomics. This orientation tended to decrease the incidents involving medical devices but numerous 

incidents still present and for some of them find their origin in usability problem. It's the reason why 

ergonomics seem to play a leading role in the design of medical devices (Clarkson et al, 2004). 

Therefore, ergonomics should reaffirm its role in medical devices by a greater inclusion in the design of 

the products. The challenge of this situation is the introduction of the notion of usability in the design 

process of medical devices in a simple and easily understandable way while the sector is mostly made 

up of SMEs (MedTech, 2014) (Department of Commerce USA, 2016). A usability quantification would 

enable the enforcement of its role in the design process of medical devices. Such tools already exist but 

aren't well adapted with the framework (type of product, design constraints of medical devices and 

stakeholders with various skills). Moreover, these tools are often seen with a point-in-time approach that 

inhibit a complete integration in the design process. 

2 USABILITY IN MEDICAL DEVICES DESIGN 

2.1 The notion of usability 

Usability is a notion taking its origin in the field of software development in the 1980s. Usability has 

several definitions with academic or industrial origin. Usability is also defined by international standards 

(ISO, 1998). Among these definitions, we have chosen for the study the one proposed by Nielsen. 

Nielsen disaggregated usability into five components (learnability, efficiency, memorability, errors (as 

low rate), satisfaction) (Nielsen, 1993) and appears as the simplest to measure the usability of a product 

(Liljegren, 2006). 

2.2 The usability tools 

In the aim to take usability into account during the product design process, dozens of tools are available 

to designers. These tools can be classified in five categories: testing, inspection, inquiry, analytical 

modelling, simulation (Ivory, 2001). By refocusing on medical devices and restraining the tools 

commonly used (Martin et al., 2006) (Martin et al., 2008), a mapping (Figure 1) about implementation 

requirements and level of information available can be created.  

 

Figure 1. Mapping of usability tools used in design project of medical devices 

In the SMEs context, ideal sections minimizing time, cost and expertise required for the usability tool 

implementation and maximizing the level of information available can be delimited (Figure 1). In this 
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case, considering its proximity with the ideal sections and its types of data available (quantitative and 

qualitative), usability test seems like the best compromise. 

Moreover, many tools are provided to designers but the field of medical devices generates operating 

constraints on the inclusion of end users in the product design process (Martin et al., 2006). 

2.3 Towards a usability quantification 

Usability tests can provide quantitative and qualitative data. One of the benefits of quantitative data is 

its high capacity to communicate information and making them understandable to a very broad sample 

of people (Martin et al., 2006) among the project team (engineers, designers, ergonomists) or the other 

project stakeholders. Usability quantification tools have already been proposed, based either on metric 

data (number of clicks, distance covered by the mouse pointer, task duration) or on questionnaires which 

are completed after a product (or intermediate representation) test. These questionnaires as usability 

assessment tools have standard models. These standards are separated into two categories: the post-

study questionnaires and the post-task questionnaires. The post-study questionnaires are applied after 

the completion of the test whereas the post-task questionnaires are shorter (usually no more than 3 

questions) and applied for each task of the action. Many standards questionnaires are available for 

product designers with different number and types of questions and consequently with various validity 

and sensitivity levels (Klaassen et al., 2016). In the literature, the most common usability questionnaires 

are SUS (Brooke, 1996), PSSUQ (Lewis, 1992), SUMI (Kirakowski and Corbett, 1993), WAMMI 

(Kirakowski et al., 1998), CSUQ (Lewis, 1995), QUIS (Chin et al., 1988), UMUX (Finstad, 2010), 

UMUX-LITE (Lewis, 2013), SUPR-Q (Sauro, 2015). At these questionnaires quantifying the usability 

notion, other questionnaires related to a part of usability exist such as NASA-TLX (Hart and Staveland, 

2006) about task load or AttrakDiff (Hassenzahl et al., 2003) about enjoyment and pragmatic qualities. 

2.4 Usability index requirements 

The setting up of a usability index and more generally of a quantification tool must primarily provide a 

reliable result. This reliability depends on the calculation model of the tool and on its data input (type 

of data and means to obtain the information). Moreover, for a good level of detail (of the analysis), the 

tool should analyse the tasks but also the totality of the action (composed of a set of tasks). Today, the 

use of this kind of tool still needs a certain degree of knowledge about usability and user test. It's the 

reason why the new usability quantification proposed in this study should be available at least to any 

person of the project team. This property will also create support to implement usability and more 

generally ergonomics into the design process. Despite the existence of usability rating parts, the 

communication potential of this measure appears to be under-utilised contrary to other indicators used 

in various field (energy consumption, dietetics, consumer satisfaction, etc.). Because it can be an 

important lever in improving the spread of usability notion and the communication both internally and 

externally, the usability quantification proposed in this study should be designed as such. Finally, it 

would be better to have a monitoring tool rather a one-shot measure tool. The tool with a complete 

implementation on the design process would allow a monitoring of the usability level of the product 

(intermediate representation and final product) during its design and development. These previous points 

imply that the usability quantification tool should take the form of an index applicable on a wide range 

of product representations. 

3 THE USABILITY INDEX 

Based on the usability ISO definition (ISO, 1998) the framework of a usability test is made up of the 

user, the product (or its representation), the goal and the context of use. The usability index should 

reliably quantify it. In addition to this concern, the industrial context adds other constraints such as time, 

cost and necessary competence for the use of this tool. 

In order to take into account the usability with both high-level and detailed approach, the usability index 

is composed of two parts. On the one hand, a global quantification of the use of the product as a whole 

(post-study) and on the other, a detailed quantification of each task (post-task) of the global action. The 

post-study part is based on the SUS questionnaire whereas the post-task part is based on the five 

components of usability as seen from the definition given by Nielsen (i.e., learnability, efficiency, 

memorability, errors (as low rate), satisfaction). The post-study part contains nine questions (one less 

than SUS with various rewordings to enhance understanding) and the post-task contains one question 
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for all of the five components of usability. Finally, the whole usability index questionnaire (Figure 2) 

contains fourteen items and used a five-point Likert scale for each of them (from one to five point 

assigned for each question). As the usability test needs to take into account the users, the usability index 

will contain weights of the five usability components. Each user assesses the several weightings by 

choosing the most important usability components for each combination of two components (five 

components giving ten different combinations). In this way, each user can easily fix his/her personal 

weightings; a function of the number of each component that was chosen. Each question of the index 

usability questionnaire (post-task and post-study) will be associated with one of the five usability 

components and its related weight. 

 

Figure 2. Questionnaire of the Usability Index (English translation of the French version) 

The calculation of the usability index is realized as follows (Figure 3): For a same representation of the 

product, n participants (respondents) (1,2, …, i, …, n) have been used the product to achieve a specified 

goal decomposed in a set of k tasks. Each participant completes k times the post-task questionnaire PT 

(noted PTi1, PTi2, …, PTik for the participant i) related to each task (identified in advance by the project 

team) of the global action, and only one time the post-study questionnaire (noted PSi for the participant 

i). For a participant i, the weightings are named WLi, WEFi, WMi, WERi, WSi respectively 

corresponding to weightings assigned by the participant to learnability, efficiency, memorability, errors 

(as low rate) and satisfaction. Averages (noted LTi, EFTi, MTi, ERTi, STi) of the participant answers 

(1 to 5 points allocated for each question) of the k post-task questionnaires are calculated for each 

corresponding usability components. Moreover, averages (noted LSi, EFSi, MSi, ERSi, SSi) of the 

participant answers of the post-study questionnaire are also calculated for each corresponding usability 

components. In the aim to obtain for the participant i, the rates (Li, EFi, Mi, ERi, Si) related to each 

corresponding usability components, an average of the post-task rates (LTi, EFTi, MTi, ERTi, STi) and 

the post-study rates (LSi, EFSi, MSi, ERSi, SSi) is calculated. The above sequence is realized n times 

(as many times as there are participants). The rates (RLearn, REff, RMemo, RErr, RSat) related to each 

corresponding usability components for the representation of the product are obtained by the average of 

all intermediates rates of the participants. The weightings (WLearn, WEff, WMemo, WErr, WSat) 

related to the corresponding usability components are obtained by the average of all weightings allocated 

by the participants for each usability components. Finally, the usability index is calculated by a weighted 

average from the rates (RLearn, REff, RMemo, RErr, RSat) and the corresponding weightings (WLearn, 

WEff, WMemo, WErr, WSat). 
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Figure 3. Framework of the Usability Index 

4 EXPERIMENTATION 

The experimentation concerning the usability index contains two main parts. On the one hand, the first 

part focuses on the usability quantification using the usability index. On the other hand, the second part 

deals with the communication potential of the usability index by graphical representations. This 

experimentation was done in French language. 

4.1 Usability quantification 

4.1.1 Experimental protocol 

The experiment concerned several users (n=10) with various profiles from design field (engineers, 

designers) or not in the goal to individually realize usability tests. This experiment enabled to simulate 

the use of the usability index throughout a design project by the use of intermediate representation of 

the product (Figure 4). During this experiment, individual participants were requested to use or mimic 

the use of the product to achieve a specific goal. In the case of the experiment, the selected product is 

an infrared (temporal) thermometer, a medical device used to measure the patient temperature. The 

action requested was to realize a self-measurement of their own temperature with the device. This action 

was broken down in three tasks (gripping of the thermometer, sampling of the temperature around the 

head, repositioning on the thermometer holding) in terms of post-task part. The different intermediate 

representations (Idea card, CAD, Low-fi mockup, Hi-fi mockup) were the evaluation support by the 

intermediary of the questionnaires. Following each test of an intermediate representation the participants 

completed the usability index questionnaire. In the goal to watch the behaviour of the index and to 

compare it with a reference, the participant also completed a SUS questionnaire after each test of a 

product representation. The questionnaire SUS is qualified as "quick and dirty" but in reality, it has a 

good reliability and is used in many companies (Brooke, 1996). This questionnaire has the advantage of 

being able to measure the usability of a wide variety of products and services (Bangor et al., 2009). 
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Given its performance, its industrial implementation and its use as reference in many studies, the 

questionnaire SUS was also taken as a reference in this study. 

 

Figure 4. Experimentation framework 

4.1.2 Results 

Results of the usability index for each product representation are presented below (Table 1). The table 

contains the values of the usability index and its components for each tested representation. The table 

contains also SUS score enabling a comparison with the usability index. 

Table 1. Usability Index results 

 Idea card CAD Low-fi 

mockup 

Hi-fi 

mockup 

Usability index (1 to 5) 3.77 

 

3.64 4.10 

 

4.33 

 

 Index component Weighting 

(1 to 5) 

    

Learnability 2.80 
s = 1.08 

4.23 
s = 0.27 

3.89 
s = 0.66 

4.68 
s = 0.31 

4.56 
s = 0.33 

Efficiency 3.20 
s = 1.08 

3.72 
s = 0.61 

3.58 
s = 0.82 

4.27 
s = 0.26 

4.43 
s = 0.40 

Memorability 2.10 
s = 1.22 

3.70 

s = 0.82 
3.80 
s = 0.72 

4.52 
s = 0.40 

4.48 
s = 0.46 

Errors prevent 3.40 
s = 1.36 

3.73 

s = 0.50 
3.57 
s = 0.99 

3.75 
s = 0.78 

4.25 
s = 0.44 

Satisfaction 3.50 
s = 1.28 

3.53 
s = 0.38 

3.48 
s = 0.60 

3.57 
s = 0.79 

4.03 
s = 0.42 

SUS score (over 100) 74.75 64.25 79.00 86.50 

SUS score (1 to 5) 3.99 

s=0.35 

3.57 

s=0.84 

4.16 

s=0.41 

4.46 

s=0.33 

Delta Usability index - SUS (rates between 1 to 5) -0.22 +0.07 -0.06 -0.13 

 

4.1.3 Discussion 

The intermediate representations which are used in this study take their origin from real concepts of a 

thermometer design project. During this project, the concepts evolved as design project team and 

potential end users had made feedbacks. For this reason, we made the assumption that the usability of 

this product was enhanced through successive improvements. If the usability index has an appropriate 

behaviour, it should evolve towards a higher value. As the results can show us, the usability index and 

the SUS (as a reference) seem to have a same evolution and effectively show a progressive improvement 

of the usability of the product. 
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4.2 The usability index as a communication tool 

This section about the second part of the experimentation deals with the question of the communication 

potential of the usability index by graphical presentations. 

4.2.1 Experimental protocol 

An online questionnaire was send by email to participants without distinction. In this message no 

instruction about use restriction of the online questionnaire was given (participant may forward the link 

of the questionnaire to other persons without limitation). The questionnaire contained three parts, the 

first part specified the participant's profile, the second part dealt with the graphical presentation of the 

usability index for design teams and the last part dealt with the graphical presentation of the usability 

index for the general public. On the part dedicated to design teams (Figure 5), the first illustration (type 

A) displays the values of the index components of each intermediate representation and the objectives 

to reach in a "radar" graph with 5 axis (one for each component). The value of the usability index and 

the objective to reach is displayed for each representation below the graph. The second illustration (type 

B) displays the usability index and its related objective on a vertical scale. Moreover the rates of the 

index components are displayed for each intermediate representations in a chart next to the usability 

index including the objectives components rates. On the part dedicated to general public (Figure 6), two 

types of usability index illustration are also displayed (different from the illustrations tailored for design 

teams) for this assessment. On the first illustration (Type C) the usability index is displayed on a 

coloured circle (from red to green respectively related to low and high value of the usability index). 

Moreover, rates of the index components (usability components) complete the illustration with the same 

colour code. On the second illustration (Type D) the index value is displayed on a vertical coloured scale 

(same colour code). Thus, rates of each index components are displayed on a vertical coloured scale 

next to the value of usability index. This second illustration has the particular feature of containing 

definitions about some non-trivial usability components (efficiency, memorability, errors prevent).  

Participants who had mentioned in the first part at least one participation in product design activities 

answered the two other parts. Other participants answered only the last part about the graphical 

presentation of the usability index for the general public. 

4.2.2 Results 

The questionnaire was completed by 19 respondents. 12 of them participate or have already participated 

in product design activities. This sample includes 11 women and 8 men whose average age is 34. 

 

• Usability index illustration for product design project team 

The respondents for this part are persons who are included in the sample and had mentioned at 

least one participation in product design activities. This group includes 12 respondents (6 women 

and 6 men with an average age of 36.). The questionnaire enabled to test the level of understanding 

of two graphical presentation types of usability index tailored for product design teams (Figure 5). 

Understanding comprehension is composed of the comprehension of the global usability index, the 

set objective, the usability components values and related objectives. In the aim to check the 

comprehension of the usability index, 3 usability index respectively related to 3 intermediate 

representations of the product (thermometer) were displayed for two types of usability index 

graphical presentation. Thus, for each index illustration, a series of questions was asked to the 

participant who had to find what intermediate representation of the product have the best usability 

or the worst usability according the usability index. Participants was also asked to find for each 

usability index illustration what is the stated objective value of the index and the stated objective 

values related to the five index components. A respondent was counted into the calculation of the 

comprehension percentage if only all his answers regarding the related topic associated with this 

rate representation were right. At the end of the online questionnaire part, subjective questions was 

asked to the participant (clarity, interest, communication and outreach). 
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Figure 5. Illustrations of Usability Index (Left: Type A, Right: Type B) 

Table 2. Questionnaire results about Usability Index Illustrations used for design team 

 Type A (radar) Type B (segments) 

Range of comprehension - Global usability index 100 % 92 % 

Range of comprehension - Objective of the global usability 

index 

75 % 92 % 

Range of comprehension - Values of usability index 

components 

67 % 83 % 

The presentation is clear. (1 to 5) 4.0 (s=0.82) 4.3 (s=0.94) 

The presentation is interesting in project tracking. (1 to 5) 4.0 (s=0.82) 4.3 (s=0.62) 

The presentation enables to enhance the interdisciplinary 

communication. (1 to 5) 

4.0 (s=0.91) 4.3 (s=0.60) 

The presentation is a useful tool for promoting usability. (1 to 

5) 

3.8 (s=1.07) 3.9 (s=0.76) 

 

Graph preference (over 11 participants - 1 no opinion) 36 % 64 % 

 

The result of this part suggests a significant potential offers by the type B illustration of the usability 

index. Moreover, this trend is illustrated by the results related to the type B which are better than the 

results related to the type A in all fields, except for the global comprehension of the index. One might 

add that the subjective results are consistent with the objective results because the type B is the 

respondents' preference. Finally, the type B illustration seems to be a good mean to represent and 

distribute the usability index because it seems to have a good communication potential and generates 

substantial interest from product designers.   

  

• Usability index representation for the general public 

In the case of the assessment of the usability index illustration for the general public, the whole 

sample (19 respondents) answered this part. The questions were asked to the participants in the aim 

to evaluate the understanding of the usability index (global and components) and collect subjective 

data (similar questions from the product design team part). 
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Figure 6. Illustrations of Usability Index (Left: Type C, Right: Type D) 

Table 3. Questionnaire results about Usability Index Illustrations used for the general public 

 Type C Type D 

Range of comprehension - Global usability index 68 % 84 % 

The presentation is clear. (1 to 5) 4.8 (s=0.41) 4.3 (s=0.94) 

The presentation is a useful tool for promoting 

usability. (1 to 5) 

4.7 (s=0.49) 4.3 (s=0.54) 

This kind of labelling could be a tool that assists 

in the product selection at the time of purchase (1 

to 5) 

4.4 (s=0.59) 4.3 (s=0.46) 

Graph preference 47 % 53 % 

4.2.3 Discussion 

All the graphical representations of the usability index proposed in the study were quite well received 

by the respondents (product designers and general public). Indeed, the comprehension rate of each 

illustration is quite high for each. Moreover, the participants showed a real interest for a tool such as the 

usability index. These kinds of graphical representations seem to be a good way to expose the outcome 

of the usability index because in addition to have good results on the objective part, they have also good 

results about the subjective part. Finally, the results of the survey guide the choice on the type B 

illustration for the usability index illustration tailored for the product design team. Nevertheless, the 

orientation concerning the illustration tailored for the general public is not explicit (opposition between 

objective and subjective results). Ameliorations based on respondents' comments should to be done 

before to make a choice.  

5 CONCLUSION 

The experimentation related to a new usability quantification tool highlighted a possibility of integration 

in the product design process. Moreover, it enabled to focus on a real interest from the product designers 

about these tools showing reliability marks and a high communication (outreach included) potential. 

Notwithstanding, the universality of its implementation in a design process by a product design team of 

a SME still need to be dealt with in more depth. This investigation concerns the benefits of the usability 

index on the project, the team project, the product, and the commercial development of the product. 

These remaining outstanding elements will be clarified by its use on a real product design project in an 

industrial context. The practical application of such a tool should imply the creation of an application 

protocol in the aim to make it accessible and understandable for persons without specific knowledge on 

usability. In relation to this protocol, it seems that the data analysis used to calculate the usability index 

should to be simplest for the user. It's the reason why it seems necessary to create a computer-based tool 

(e.g. Excel macro, dedicated application) to simplify the use of the index and to put out the data treatment 

of the user's scope. Ideally, this computerized based tool might be a software suite designed to configure 

the questionnaire, save the questionnaire results, process data and display usability index (results and 

graphical representations). 
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