Document downloaded from:

http://hdl.handle.net/10251/178261
This paper must be cited as:

Marquez Caiiizares, JC.; Rojas, J.; Higuera-Truijillo, JL.; Muniz, G. (2020). An eye-tracking
project in industrial design education: A case study for engaging in the research process.
IEEE. 127-132. https://doi.org/10.1109/EDUCON45650.2020.9125143

The final publication is available at

https://doi.org/10.1109/EDUCON45650.2020.9125143

Copyright |EgE

Additional Information



An Eye-Tracking Project in Industrial Design
Education: A case study for Engaging in the
Research Process

Juan Luis Higuera-Trujillo

Juan-Carlos Rojas Juan Carlos Marquez Cafiizares Institute for Research and Innovation in
Escuela de Arquitectura, Arte y Disefio, Escuela de Arquitectura, Arte y Disefio, Bi . ina (i3B
Writing lab, Teclabs, Vicerrectoria de Writing lab, Teclabs, Vicerrectoria de _ .Ioenglhe\erl.ng (i3B) o

Investigacion y Transferencia de Investigacion y Transferencia de Universitat PO“I?C”'Ca fie Valencia
Tecnologia Tecnologia _ _ValenCla_, Spain
Tecnologico de Monterrey Tecnologico de Monterrey jlhiguera@i3b.upv.es
Monterrey, Mexico Monterrey, Mexico
jcrojasl@tec.mx jcmarquez@tec.mx

Gerardo Muniz
Escuela de Arquitectura, Arte y Disefio
Tecnologico de Monterrey
Monterrey, Mexico
gerardo_muniz@tec.mx

Abstract—The practice of design is constantly evolving; new technologies have become a support for the implementation of
disruptive proposals in diverse disciplines, including design products. A Paradigm shift are present in the design and engineering
education related with support technologies and developing new products. The objective of this work is to present the novel process
of a design project that incorporates a creative and objective process for designing and validating products in order to attract,
engage and retain talent in design and engineering courses for research and technology implementation. The challenge was a
project for create an novelty industrial tool board with a minimum number of tools validated by Eye-tracking (ET) technology. The
ET technology is based on the study of eye movement, which provides an objective indicator of where a person's overt, and typically
centered, attention is focused. Twenty-eight students from the third year of Industrial Design Bachelor’s program were involved in
this academic course and used a product design methodology to implement the technology and dynamics of the ET. The results of
this education project revealed a novel dynamic in design education. The results reveled an improved interest in research and
technology implementation. Students perceived the relevance of ET technology in a fundamental phase of product design. In
addition, the students shared their enjoyment and interest in reusing this technology in similar processes. The students' perception
of factors, such as utility, novelty and relevance of this technology, in their design processes was positive. Finally, the novel process
became familiar to the students, even if it was their first-time using ET technology. This work reveals how technology becomes a
fundamental part of the process and how to guide students to integrate rigid and meticulous processes in design products without
neglecting the creative process.
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I. BACKGROUND

The practice of design is constantly evolving; new technologies support the implementation of disruptive proposals in
diverse disciplines, such as design. This work focused in two relevant aspects for improving teaching and learning experiences
in engineering education and for attracting, engaging and retaining talent in design and engineering courses.

The first relevant aspect is the paradigm shift of design teaching for students in product engineering or similar degrees.
Alain Findeli [1] proposed an approach based on extensive research in a new rethinking of design and design education. The
author’s approach incorporates science and technology in the creative process as a ground for a new and more effective
structure for design, following a growing emphasis in the necessity to educate future generations using systems thinking [2].
The evolution of design education is correlated with engineering education and aspect such as problem-solving methodologies
and creative dimensions [3]. The discussion regarding the differences between design thinking and engineering thinking is
latent, however there are elements they share, such as product development [4] and process that must be considered to find
common practices. In recent years, practitioners have integrated in industrial design currulum a creative and reflective activities
to training students for a specific and non-specific knowledge support by active activities in workshops or laboratories. [5]. In
the relationship between the designer and the engineer, a tension in the way of thinking and their education is latent [6] due to
emotional and functional aspects that each area defends. However, Wolfel [7] argues that the difference between the knowledge
of these two areas is that the designers focus on new and innovative designs, while the engineers focus on the adaptive and
detailed design, which creates a natural and motivational collaborative dynamic. Finally, a solution to improving the pedagogy
design is to improve systematic thinking and specific dynamic practices in projects in order to empower students’ hard and
creative skills [3].

The second relevant aspect mentioned above is the incorporation of a technology that contributes a change into the
teaching, development and collaboration of design projects. This work will show how industrial design students were
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Fig. 1. Design project methodology scheme used in the course.

introduced to a novel project to improve the systematic thinking and creative process that included the use of technologies for
the validation of visual properties and research analysis. Eye-tracking (ET) technology is based on the study of eye movement,
which provides an objective indicator of where a person's overt, and typically centered, attention is focused [8-9]. In the process
of product creation, there are many design principles that can be validated through ET technology, and the students could notice
the importance of visual attention and the specific elements that can attract the interest that this represents in the decision
making of users [10]. This work considers the relevance of visual attention for the design of better products. An example of the
relevance of visual design and its characterization for correct understanding are road signs. They should be clear, simple and
easy to understand by anyone [11] and use symbols, colors and shapes correctly. For this work, the project approach to the
design of a tool board can create a systematic and technology-driven process. The implementation of ET and its relationship
with the study of objects and human capabilities is relevant. The gaze capability to interact with the environment [12] acilitates
the perception of affordances and elements present in scenes of interest. In the case of tools, visual exploration focuses on
usability and functional components, which were exposed in an in-depth study on the visual exploration of tools [13]. Finally,
ET technology provides access to crucial aspects of cognitive processes, such as attention, memory, decision making and
cognitive control [14], as well as fundamental elements in the planning or design of a product that directly impacts an operator
or user.

In conclusion, this work will describe how a novel design process with ET dynamics can improve aspects that should be
considered in engineering and design education practice. This paper considers key issue regarding with project develop and
perceived benefits for students.

Il. RESEARCH QUESTIONS
RQ1: How can a design and ET project cultivate more interest in research and technology?

RQ2: How is the acceptance of ET technology in a product design project?

RQ3: How do students evaluate the utility, novelty and relevance of ET technology in their projects?

1. AIM

This research initiative seeks to observe, describe and analyze the student’s perception, engagement and acceptance of
technologies in the creative process for improved design education. The definition of the project or challenge for the students is
to design an industrial tool board with a minimum number of tools and to validate the design purpose through ET technology.
The main objective of this work is to engage students in understanding the relationship of the visual attention to the details of
the product and the user’s behavior once exposed to products or services and how they can research them.

IV. METHOD

A. Situating the case:

At our university, an initiative was started for students of industrial design and related areas that provides access to an
experiential space for use of technologies, physiological measurements and immersive visualization tools. This initiative is
called the Research, Experience & Design Laboratory (REDIab).



Fig. 2. Students at REDIab using ET technology to validate tool boards.

B. Design Project Methodology

Twenty-eight design students from the third year of the Industrial Design bachelor’s program were involved in this
academic course, wherein a product design methodology created exclusively to implement the technology and dynamics of the
ET was utilized. The students answered a satisfaction survey in order to measure the overall experience of the ET project at the
end of the semester (eight-week project). The project methodolgy created for develop a novelty tool board was divided intro six
steps (see Figure 1):

1) Problem definition: The teacher presented the challenge to the students. After, they started with research on similar
products and then reviewed the Gestalt literature theory and design principles for visual attention.

2) ldeation and Sketching: The second step of the methodology was a creative process. Students created a series of
ideas in a brainstorming exercise and sketched the best ideas. After a synthesis process, the students used three ideas in the
next step, the validation exercise.

3) Validation without technology: Selected ideas were sketched in a 1:1 scale to perform the first exercise that utilized a
basic principle of ET technology. The fixation and gaze path were simulated in the 1:1 sketching using threads. Students
recruited 30 participants to perform a searching task in the sketching tool board representation.

4)  Prototyping and representations: Information from step 3 was taken to select a unique idea. Students modeled and
rendered a photorealistic tool board to prepare visual elements for the ET evaluation. An example of some of their results are
shown in Figure 4.

5) Validation with technology: Students created a research protocol with the visual elements (four perspectives) and
three tasks to perform in the tool board. In the REDIab, 35 participants were invited to perform the protocol using Gazepoint®
hardware and software (see Figure 3).

6) Results and reflection for design: Finally, the students collected the information and compared the results of the
participants. An analysis process was made of the results of the gaze behavior and the impact of the design tool board upon
the participants.



Fig. 3. Eye-tracking Bar, 150 hrz, Gazepoint®.

C. Student participants

This paper utilized information from two courses taught in the Industrial Design bachelor’s programs. Twenty-eight
students (women = 21, men = 7) completed the course in spring-summer and fall-winter 2019 semesters (see Figure 2).

At the end of the project, the students presented a final report that included the process followed and the corresponding
analyses extracted from ET. Then, students answered a survey, which was divided into three sections with an exclusionary
answer (yes/no), two multiple choice and three questions using a 1 to 5 Likert scale, where 5 is the highest rate. The
questions, designed to validate the impact of the project, are described below:

Three questions were asked at the beginning of the survey to understand the position of the students' perception about the
ET project experience:

1. Do you consider what you know about design product process to be foundational knowledge?
2. Do you believe the use of ET technology reinforces the design product process?
3. Would you recommend employing ET technology in future design product processes?

Next, two multiple-choice questions assessed whether the students had identified the contribution of the ET project
experience:

4.  Which phase of the design product process can ET technology have a strategic impact?
a) Exploration/ldeation, b) Definition/Design
c) Develop/Tests, d) Deliver/Feedback
5. Do you think a design product process should be more an objective process or a creative process in order to create

better products?
a) Yes, b) both, ¢) No

Fig. 4. Example of tool board created in the course.



Finally, the last questions using a Likert scale to quantify the perception of three factors measure the impact of the ET
project experience:

6. How do you evaluate the utility of the ET technology used in the course?
7. How do you evaluate the novelty of the ET technology used in the course?
8. How do you evaluate the relevance of the ET technology used in the course?

V. DATA ANALYSIS AND RESULTS

The analysis of the data is divided into three parts or observations in order to detect the experience and perception aspects of
the ET project. The first analysis examined the options of the yes/no and multiple-choice questions regarding the ET experience
of the project. The second analysis calculated the statistical results for the mean and standard deviation of the Likert scale
questions, which measured opinion data regarding the utility, novelty, and relevance factors of the ET technology in the course.
The final analysis contrasted the mean of the question results regarding course experience, which was obtained from the three
Likert scale questions.

The first analysis revealed two outcomes. 1) students had a positive opinion of ET technology used in the design product
process. They claim (96.4%) that this ET technology reinforces the process. In addition, they affirm (96.4%) to recommend the
ET technology for next projects. 2) In multiple-choice question 4 and 5. Students thought that ET technology had a major
strategic impact on Develop/Tests (70%) before the other phases. Likewise, they concluded that design process must be
“Both(71.5%) processes, a creative and objective. The results are shown in Figure 5.

In the second analysis examining the findings from the Likert scale questions, students can quantify their perception of
elements that can be relevant for attracting and engaging. The results for utility (mean = 4.96), novelty (mean = 4.86), and
relevance (mean = 4.89) were positively evaluated and display a low variability in the students’ opinions (0.189 to 0.448). The
data are shown in Table I.

Statistical analysis was performed using SPSS 17.0 for Windows™ (IBM SPSS Inc., Chicago, IL, USA). An ANOVA was
applied in the last analysys to examine the contrast between the strategic multiple-choice questions and the opinion evaluation
regarding the perception experience of the project. A complete table of descriptive and statistical results is presented in Table
2. The test revealed that two of the six variables present a significant value (< 0.05). For "Which phase of the design product
process can ET technology have a strategic impact?" question, only the utility factor showed a significant value (p = 0.043) .
Finally, for "Do you think a design product process should be more an objective process or a creative process in order to
create better products?" question, only the relevance factor showed a significant value (p = 0.007).

TABLE I. DESCRIPTIVE STATISTICS FOR THE ELEMENTS ASSESSMENT.
Do you consider what you know about design Do you believe the use of ET technology Would you recommend employing ET technology
product process to be foundational knowledge? reinforces the design product process? in future design product processes?

3.6% 3.6%

96.4%

Yes E No
. . Do you think a design product process should be
Which phase of the design P"Ddu'_:t process can more an objective process or a creative process in
ET technology have a strategic impact? order to create better products?
0,
10.7% 3.6%

Definition/Design ~¢
Develop/Tests
Deliver/Feedback i

14.3%
% 25%
a' Yes
Both
# No

Fig. 5. Percentages for questions regarding students’ opinion on their experiences.



Perception elements Mean Std. Dev.

How do you evaluate the utility of ET 4.96 0.189
technology used in the course?
How do you evaluate the novelty of 4.86 0.448
ET technology used in the course?
How do you evaluate the relevance of 4.89 0.315

ET technology used in the course?

VI. DISCUSSION

This study is the beginning of a series of observations examining how ET technology impacts areas of design education.
This paper focused on observing the experience and perception of industrial design students to improve the attraction and
engagement using technology and research dynamics. Based on the results of this work, which focused on the use of eye-
tracking as a key teaching tool, our study can provide answers to the proposed research questions.

RQ1: How can a design and ET project cultivate more interest in research and technology? the findings reveal the students’
positive opinion of the project’s implementation. Students have a highly positive opinion (96.4%) of the use of ET as
reinforcement in the design process. Also, students primarily believed that ET technology had a major strategic impact on
Develop/Test phase (70.0%) more than the Definition/Design (14.3%) and Deliver/feedback (10.7%) phases. Finally, the
students expressed their opinion about the duality that a design process must have between a creative and an objective process.
They said both (71.5%). Although, a smaller percentage said they should be a more objective process (25%). RQ2: How is the
acceptance of ET technology in a product design project? The students showed a positive (96.4%), interest in utilizing ET
technology in future design product processes. Finally, this work aimed to display the students' perception of utility, novelty
and relevance of ET technology in their projects through two particular questions on the survey.

The statistical results revealed two significant results in regard to RQ3: How do students evaluate the utility, novelty and
relevance of ET technology in their projects? First, for the question relating to the utility factor, “Which phase of the design
product process can ET technology have a strategic impact?”’, 21 of the students rated “Develop/Tests” with the highest value
of the Likert scale (M=5.0), leaving the other options with no significant consideration. The factors for novelty (M=4.85) and
relevance (M=4.90) were positively gqualified, but no significant indicator was observed. Second, a similar effect is observed for
the question, ““Do you consider that a design product process should implement an objective phase more than a creative phase
for create better products?”’, which relates to the relevance factor. Between the three options, a total of 20 students answered
BOTH (M=4.95), leaving YES (M=4.86) and NO (M=4.00) with no significant consideration. In contrast to the discussion on
the previous question, the YES and BOTH responses represent an interesting effect because a small percentage of the students
identified the objective process with ET technology by presenting a high evaluation on the utility (Myes=5.00) and novelty
(Myes=5.00) factors. Even so, most students consider the objectives and creative process with ET to have utility (Mboth=5.00)
and novelty (Mboth=4.85) factors as well.

These findings show how students’ perceptions of this project were positive. The designed methodology for the project
improved interest in research and technology implications. Positive effects in students can be observed. The reception of the ET
technology and its processes of evaluating products was well received. The students reflected on the relevance in the product
design processes as the objective processes supported by ET technology. Although, the ET technology is not new, the
pedagogical application is novel, useful and relevant according to the opinion of the students. The results of this work open the
discussion on the use of this type of technology, which allows the creation of dynamics focused on a systematic process and a
way of approaching a creative problem. This approach coincides with the vision that some authors have [3-5] regarding
experiential practices in laboratories as well as the relationship between analysis and reflections on product design. During the
project time, the students could apply dynamics that they had not done before. The use of technology entails a particular way of
approaching and analyzing a product, bringing students closer to understanding the relevance of product and service research,
now observing the implications that deep research can have on emotional, affective and cognitive determinants that a product
design can arouse [12-13].

VII. CONCLUSION

The results of this work allow us to reflect on novel strategies for incorporating technology into the design product process
as a powerful tool for research and the validation of creative process results. The design project of a tool board was a pretext for
industrial design students to live systematic thinking in addition to familiar creative processes. However, other projects can be
implemented knowing the capacity of ET technology in design validation. An experiential moment captured during the project
was how the novel ET process became familiar to the students, even if they were the first-time users of ET technology. This
work displayed how technology can become a fundamental part of the design process and how to guide students to integrate
rigid and meticulous processes into designing products. Lastly, the overall approval of the project was high, and it motivated
the students to investigate the various aspects of design more in depth as well as the functionality of other unclear design
processes.
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TABLE II. DESCRIPTIVE AND STATISTICAL RESULTS FOR ASSESSMENT FACTORS BY OPINION.

Perception of factors by question Answers N Mean Std. Dev. F Sig
(Anova)
Which phase of the design product process can ET technology have a strategic impact?
How do you evaluate the utility of Exploration/Ideation 4 4,75 0.250
ET technology used in the course? Develop/Tests 21 5.00 0.000 3.571 0.043
Deliver/Feedback 3 5.00 0.000
How do you evaluate the novelty of Exploration/Ideation 4 4.75 0.500
ET technology used in the course? Develop/Tests 21 4.86 0.478 0.252 0.779
Deliver/Feedback 3 5.00 0.000
How do you evaluate the relevance of Exploration/ldeation 4 4.75 0.500
ET technology used in the course? Develop/Tests 21 4,90 0.301 0.581 0.566
Deliver/Feedback 3 5.00 0.000
Do you think a design product process should be more an objective process or a creative process in order to create better products?
How do you evaluate the utility of Yes 7 5.00 0.000
ET technology used in the course? Both 20 5.00 0.000 0.000 1.000
No 1 4.00 0.000
How do you evaluate the novelty of Yes 7 5.00 0.000
ET technology used in the course? Both 20 4.85 0.0489 2414 0.110
No 1 3.57 4.00
How do you evaluate the relevance of Yes 7 4.86 1.299
ET technology used in the course? Both 20 4.95 1.345 6.028 0.007
No 1 4.00 0.000
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