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Quality Function Deployment (QFD) is used to translate customer
needs into technical requirements for software development. A
case-based methodology is used for software design and a usability
assessment is conducted. Client’s requirements were established
from ergonomists and a software application is designed.
According to the System Usability Scale (SUS), the software
present good usability indicators. The results obtained were
statistically validated by the Wilcoxon test.
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1 Introduction

The use of computer programs (software) for handling and processing of information is extended worldwide for a plenty variety
of applications. Software applications have been successfully deployed in different environments, although it has not been
possible to implement them in all of them. One of the areas of opportunity for software implementation can be found in
cognitive ergonomics assessment, particularly for the evaluation of mental workload.

Mental workload (MW), according to Stanton, Salmon, & Rafferty [1] is the proportion of mental resources demanded in the
performance of one or more tasks. For MW evaluation purposes, there are two different techniques the empirical ones, which
include subjective and physiological performance measures, and analytics ones, which consist of mathematical models and their
simulations [2]. Subjective techniques are designed to obtain the operator's perception of mental workload, and their application
involves the use of questionnaires.

At present, subjective techniques are the most commonly used [3]. In subjective techniques, the NASA-TLX technique is one
of the most extensively studied and used. NASA-TLX is a multidimensional subjective evaluation technique presented by Hart
and Stavel and in 1988 [4], and according to several authors, it's one of the most used subjective techniques in the evaluation of
mental workload[1, 5-7].

Most subjective techniques are paper-based questionnaires. However, the use of software solutions is convenient and highly
recommended to enhance the treatment of a large amount of data in a more reliable manner. Problems such as missing values
or typographical errors due to human errors when the paper-based questionnaires are registered into databases can be
eliminated; although there are techniques for dealing with these errors [9] these techniques have limitations [10] that may
influence the analysis, so it is advisable to try to avoid such errors.

Despite the great popularity of NASA-TLX, there is currently a limited supply of software to support its application and
obtaining reliable results, for example, NASA provides an "official" software version that is only available for iOS and in the
English Language[8].Although there are several web pages in which researchers can support the evaluation of mental workload,
these only provide results individually, and are unavailable for group evaluation, and results are inaccessible for future
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consultation; in addition, the results obtained by such websites lack proper validation. In the case of RAW TLX, which is the
most recent version of NASA TLX, there is currently no software to facilitate its application and evaluation.

This work explores the needs of researchers, specifically cognitive ergonomists, to be provided with a software application that
implements mental load assessment techniques to facilitate and enhance their research. These needs can be:
e Storing the results obtained from different evaluations and to be able to recover these results in order to make
comparisons of the mental workload in different subjects.
e A software that enables to obtain reliable results.
e A software that can be easy to use.

1.1 Background

Cognitive ergonomics (CE) is the branch of ergonomics that deals with the cognitive part and, according to the definition by the
International Ergonomics Association, CE deals with mental processes such as perception, memory, reasoning and motor
response[11].0n the other hand, according to Ferrer and Dalmau CE have they focus on the processes of perception, memory,
information processing, reasoning, and motor response, focusing on the interaction of people and other elements of the system,
also called cognitive processes[3]. Based on the above, the assessment of mental workload is one of the activities within the
scope of Cognitive Ergonomics[12].

As mentioned before in the previous section, NASA TLX is a multidimensional subjective evaluation technique. This technique
defines six dimensions of subjective load: mental demand, physical demand, temporal demand, effort, performance, and
frustration level[4, 6]. In general, this technique involves two steps performed sequentially, in the first step paired comparisons
are mad among the 6 dimensions that distinguish this technique for weighting purposes. The second step consists of an
assessment of each dimension, using a scale from 1 to 100. Generally, this technique is performed immediately after the task
has been performed[1, 13].A common NASATLX modification is called RAW TLX, which is obtained when subscales are
averaged without completing the paired comparisons[14, 15].

The QFD for software design.

The Quality Function Deployment (QFD) is an original Japanese method developed by Yoji Akao in the 1960s that aims to
ensure quality from the first stage in the development of new products[16]. The QFD methodology attempts to satisfy the needs
of users, taking their desires through the design stages to the production of the product. Through QFD, quality becomes a
function of product development.[17].

A typical QFD matrix has two portions [17-19]:

e The horizontal part contains client information. It lists the needs and wishes of the customer and determines their
relative importance. It also lists customer feedback and complaints.

e The vertical part contains technical information that responds to information obtained from the client. It translates
client needs and wishes in such a way that it can be measured, examines the relationship between the customer and
technical requirements, and contains competitive technical data, objectives or goals set by a company to achieve
competitiveness.

By following the QFD method, the "House of Quality" is formed, which is a representation of the customer's requirements and
the technical solutions that would be applied.

On the other hand, Usability, according to the international standard ISO 9241-11 is a feature that allows a product to be used
effectively, efficiently and satisfactorily[20]. Similarly, for Jakob Nielsen [21], usability refers to the characteristics of a
product, such as learning ability, efficiency, memorability, low levels of error and satisfaction. Questionnaires are perhaps the
most popular usability evaluation instruments[22].0One of the questionnaires for usability evaluation is System Usability Scales
(SUS), which has only 10 items. Some of the advantages are:

e Is easy to administer to participants.

e Can be used on small sample sizes with reliable results.

e Iswvalid — it can effectively differentiate between usable and unusable systems [23].
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2 Methodology

In order to meet the above needs, this work considers the use of Quality Functions Deployment (QFD) to translate customer
requirements into technical requirements for the software development, the evaluation of the usability of the software and the
validation of the results of the mental workload evaluation obtained by the software, this because usability is one of the
concepts that is taking most importance in the development of the software, and in addition, the statistical validation of the
results is of great importance to developers, consequently the methodology was divided into four stages.

2.1 Establishment of the client's requirements

To establish the client's requirements for the development of a Mental Workload Assessment Software (MWAS) , the following
steps established by QFD methodology were followed [16-19, 24]:

1.

Identify the client's needs and requirements (WHATS), develop a WHAT List.

Analysis of WHATS, ranking them in order of importance.

This step lists and structures the technical measures (HOWSs) identified by the product development team, creating a
list. This list will determine what the product or service should have according to the customer's needs, the next step is
to define the technical requirements necessary to be able to meet them.

In this step, the WHAT vs HOW Relationship Matrix is established, which is a tool to identify the degree of
relationship between each WHAT and each HOW.

The Technical Correlation Matrix is established, which is the evaluation of the HOWs development team analyzes
their interrelationships and how strong these relationships are, which can be obtained through engineering analysis and
experience.

The last stage is related to the analysis of the HOWs, is in this last step is where finally the technical objectives are
calculated that must be achieved to meet the specifications required by the product in development finally.

For the implementation of the client's requirements, each one of the requirements and the proposed technical solutions were
analyzed.

2.2 Software Design

Based on the requirements of the software to be developed, there are a number of common characteristics[25-27]:

Main window. The contents of the program must be shown and must be designed considering the function of the
program and can contain: the menu bar, work area, taskbars, among others. The colors must be harmonious with the
rest of the system, in addition, they must not "damage the eye" making use of "strident" colors, also must limit the
number of colors used because they can cause confusion.

Secondary window. This window will show some functions that are not very common and that are not contemplated in
the main window, as well as configuration options. These should be of the modal type they should not yield the focus
until the action on them is finished.

Menu bars. These contain a collection of actions that the user can apply in use, these actions can be open a document,
exit the program, among others. Sometimes a simple menu bar is more than enough, in case a greater number is
necessary they will have to follow a logical sequence and according to their function, for example, the manipulation of
files in the menu called File, the configuration options in Tools, among others.

Content Panels. These are the main work area; a program will typically have one. Because they will be the main
method of displaying information the color used in them should be adequate to avoid distractions, incomplete
information, among others, also is recommended the use of scroll bars to navigate within the information contained.
Common Controls. These controls are those that develop basic activities within the software, and these can be buttons,
lists, text areas, checkbox, among others. These controls should be grouped around their function, and ordered from
left to right, from top to bottom and following the natural order or frequent use expected.
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2.3 Usability Evaluation

To evaluate the usability of the MWAS, the SUS questionnaire was used. The level of usability that the MW ASshould be
determined based on the client's requirements. The number of evaluations was conditioned to the level of usability presented by
the MW ASin its first version.

2.4 Validation of results

The validation of the results provided by MWAS was performed following the next steps:
e Questionnaires from previous mental workload evaluations obtained through paper-based forms were selected.
e The selected questionnaires were registered in an Excel spreadsheet that was previously prepared with NASA TLX
calculus and, the mental workload scores were obtained.
e The selected questionnaires were captured in MWAS and scores were obtained.
e  The results obtained by both methods were taken, and a nonparametric test was performed.

3 Results

3.1 Establishment of the client's requirements

Following the steps of the QFD method was created the House of Quality, which is shown in Figure 1, in which it is possible to
observe the Technical Correlation Matrix that shows, with the letter H the high correlations between WHAT and HOW, while
with the letter M the Medium correlations are shown.

The WHATSs and HOW:s of this work are shown below:

WHAT;: MWAS must include the implementation of NASA TLX.
HOW;: For this requirement, it was decided that in addition to NASA TLX the RAW TLX technique should be
implemented because this last technique is a variation of NASA TLX and its implementation is very similar.

WHAT>: MWAS should be easy to use.

HOW,: In the case of this requirement, it was decided to make use of SUS, a questionnaire for the usability evaluation
of the user interface (Ul). In order to ensure the usability level of MWAS, a minimum SUS score of 80 was
established.

WHAT;: MWAS should provide valid results.
HOW3;: To ensure the validity of the results provided by MWAS, statistical tests will be used.

WHAT: MWAS must be in Spanish.
HOWy4: The IDE used in development can create Uls in several languages.

WHATs: MWAS must be able to save and compare results.
HOWs: In this requirement, it was decided to make use of CSV files because they are widely used by various software.

WHATs: MWAS Can be used on multiple platforms.
HOW:s: To solve this client requirement a cross-platform IDE for Rapid Application Development was chosen.

The IDE chosen was Lazarus, an open source IDE that can be used in several platforms. In this work MWAS was tested on two
platforms: MS Windows © (in its versions 7 and 10) and Linux © (Archlinux + XFCE 4),
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Fig. 1. House of Quality for this work.
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3.2 Software design

For MWAS it was decided to make use of the main window in which, using tabs, the evaluator chooses if wants to apply an
evaluation or obtain the results. In the Evaluation tab, text boxes have been added where the number of evaluations will be
placed and the participant, when selecting the type (NASA TLX or RAW TLX), a secondary modal window will be shown
where the participant will carry out the evaluation. If the Results tab is selected, text boxes will be added in which the
evaluation number from which the results are to be obtained will be entered. Figure 2 shows the MWAS main windows on
Linux and Windows.In addition, it was decided to omit the use of custom colors since these are also influenced by the visual
theme of each system.

MWAS || @ Mwas — O bt
Archive Ayuda Archive Ayuda
Evaluacidon | Resultados EVE'”“'D" Resultados
Evaluacién Participante Numero de tareas Funluesin R Hilanipedpas
Aceptar Aceptar

Fig. 2. MWAS in Linux and Windows platform.

3.3 Usability Evaluation

The evaluation of MWAS usability was carried out by 5 evaluators who had to experience in the evaluation of the mental
workload. According to client’s requirements, and using the SUS scale of usability, the level of the program should be
minimum 80. In the first evaluation the results were 67.5. To improve the usability of MWAS, and to take as reference the
comments of the evaluators, the program was modified.

One of the changes suggested by the evaluators was to change the design of the Ul in a way that the different items were not
showed together, so that the NASA-TLX evaluation form was modified, separating into two different forms, a one form to
perform the paired comparison and another for the evaluation of the different dimensions. Another of the suggested changes
was to incorporate a tooltip that shows information about the use item selected. In Figure 3 the tooltips are shown.

Once the changes were made, a second evaluation was carried out, in which the results indicated a SUS score of 80.5, which
meets the requirements. Table 1 shows the score of the 5 evaluators in both evaluations.
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Table 1. SUS scores of MWAS

SUS scores
First Second
Evaluator Evaluation Evaluation
1 67.5 82.5
2 70 80
3 67.5 82.5
4 62.5 85
5 70 72.5
Average 67.5 80.5
@) NASA-TLX Paso 2 - m| *

Evaluacidn: Participante: Tarea:
[ i | b

Evaluacion Dimencicnes

Exigencia Mental
Baja W

} . - Alta
Demanda mental: cantidad de actividad mental y perceptiva que
. . |serequiere para la realizacién de la tarea,
Exigencia
Baja ® |[pgr gjemplo: pensar, decidir, calcular, recordar, Alta
mirar, buscar, entre otros,
Exigencia Temporal
Baja W Alta

Rendimiento
Baia W Alta
Fig. 3. Example of a ToolTip used in MWAS.

3.4 Validation of results

The selected questionnaires were 15 evaluations of four different tasks applied at different times and on different days. The 15
subjects who participated were asked to fill out a NASA TLX evaluation form. Once the forms were complete, the mental
workload was calculated using an MS Excel © v.2013 spreadsheet. Subsequently, the evaluations of NASA TLX carried out by
the 15 subjects were captured into MWAS, and the results were obtained. Table 2 shows the results of the mental workload
scores obtained using both Excel and MWAS.

Table 2. SUS scores of MWAS

NASA-TLX Score RAW TLX Score WP Score
Task Excel MWAS Excel MWAS Excel MWAS
1 760.00 760.00 286.00 286.00 1.583 1.584
2 720.00 720.00 255.33 255.33 1.517 1.517
3 756.66 756.67 265.33 265.33 1.055 1.055
4 660.66 660.67 228.67 228.66 0.643 0.643
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Based on the results showed in Table 2 and making use of SPSS© v.24, a series of nonparametric statistical tests were
performed, specifically the Wilcoxon test, because the results are obtained based on subjective methods which make use of a
qualitative scale, the data obtained do not meet a standard distribution and the use of non-parametric tests is necessary.The
results of the 2 implementations are shown in Tables 3 and 4.

Table 3. Results of the Wilcoxon test between the results obtained among the implementation of NASA TLX of MWAS and Excel.

Hypothesis Test Summary. NASA TLX implementation

Null Hypothesis Test Sig. Decision
1 The median of Related- 0.157 Retain the
differences between Samples null
Excel and MWAS Wilcoxon hypothesis.
equals 0. Signed Rank
Test

Asymptotic significances are displayed. The significance level is .050.

Table 4. Results of the Wilcoxon test between the results obtained among the implementation of RAW TLX of MWAS and Excel.

Hypothesis Test Summary RAW TLX implementation

Null Hypothesis Test Sig. Decision
1 The median of Related- 0.317 Retain the
differences between Samples null
Excel and MWAS Wilcoxon hypothesis.
equals 0. Signed Rank
Test

Asymptotic significances are displayed. The significance level is .050.

As can be observed in Tables 3 and 4, it can be stated that the implementation of NASA TLX and RAW TLX of MWAS is
valid with a 95% confidence interval and a = 0.05.

4 Conclusions

This work describes the steps of setting requirements, evaluating usability and validating the results obtained through MWAS,
which are basic steps for the development of software of various types.

The use of QFD in the establishment of customer requirements in product development is widely known, in the case of software
development, the use of QFD is limited. According to K. Prasad, the implementation of QFD in the development stage
minimizes human interference of those who do not have deep technical knowledge about the functionality, capacity, economy,
and applicability of the software[28].Thanks to the use of QFD 6 customer requirements were identified, which were
implemented during the development of MWAS.

As regards usability, this is an important part of software development, so its evaluation, and in any case, its improvement is of
vital importance. The software's usability, as a quality feature[29],and is one of the great opportunities in software development
that has been implemented in various developments, for example, usability has been evaluated in developments of various
types, from software developed in the field of augmented reality[30]to software for tablets [31].In this work, usability was
evaluated through SUS, which is a relatively simple questionnaire that provides results quickly with a small number of
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assessments. The score of 80 obtained by MWAS in the SUS assessment of usability indicates a good level, while it meets the
client's requirements presents a great opportunity for improvement.

Regarding the statistical validation of the result,this is an important step if the software is intended to be used in the academic
environment, an example of the above is the work of Liu, X., Kanungo, T., &Haralick, R. M performed in the validation of
computer vision software [32].In the case of theof the results provided by MWAS,these were statistically valid, so the user's
requirement is reached. With respect to preventing errors in the capture of results, as the evaluation is done directly in MWAS,
the possible error is not allowed.

Based on the above, it can be concluded that the implementation of NASA TLX and RAW TLX into MWAS meets the
requirements of the client, due to presents a good level of usability and the results obtained by it are statistically valid.
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