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Abstract. The training of the Master’s degree in software engineering
of the University Grenoble Alpes covers foundational courseware in com-
puter science (programming, complexity, database, networks, interactive
systems) during the first year and more advanced engineering courses
(in terms of cloud computing, large-scale data management, architec-
ture, program testing and verification) during the second year. This pa-
per focuses on two HCI courses as part of this curriculum in software
engineering, and describes the content and the pedagogical approach we
implemented for teaching HCI to computer science students. The paper
explains why the authors adopt a tool-based approach for the first-year
course on engineering HCI and a project-based approach with exper-
imental evaluation for the second-year course on advanced interaction
including multimodality.

Keywords: Software Engineering · Human-Computer Interaction · User-
centered Design · Multimodality · Augmented Reality · Education.

1 Introduction

The Master’s degree in software engineering at the University of Grenoble Alpes
welcomes students with a Bachelor’s Degree (three years) in either Computer
Science or Computer Engineering with courses in computing and practice in
programming. This Master’s degree responds to a very strong demand in the
job market (including the numerous software firms in the Grenoble region –
ATOS, CAPGEMINI, KELKOO, etc.) on software development and manage-
ment. Nearly all the students (> 95%) obtained permanent employment as de-
velopers, architects, analysts and project managers (after few years) before the
final defense of their 24-week internship of the second year. Very few students
(less than one per year) are starting a PhD after receiving this Master’s diploma.

In this context, as teachers in Human-Computer Interaction (HCI) within
a software engineering program, our goal is to train the students to have spe-
cific skills related to the design and development of interactive software systems.
During the last year (before the 24-week internship), such HCI skills are put
into practice as part of a unifying multidisciplinary large project managed by
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a group of teachers including an HCI teacher. The goal of the project made by
groups of students is to design, develop and evaluate a commercial website. The
pedagogical goal is to apply taught concepts, methods and tools of three do-
mains: Agile Software Engineering, Distributed Systems and Human-Computer
Interaction (HCI).

The HCI skills are taught through three dedicated courses. One course is
on programming interactive systems, including event-based programming, au-
tomata, design patterns and toolkits. Because this course focuses on software
design and development, it is more easily well perceived by the future software
engineers than the two other courses. The paper focuses on these two other HCI
courses of the Master’s program that are given after the course on program-
ming interactive systems (Figure 1). One course is given during the first year
and focuses on user-centered design and development of interactive systems. The
second one is given after the previous one during the second year of the Master’s
program: the course focuses on advanced interaction techniques beyond standard
graphical user interfaces (WIMP). The identified difficulty for these two courses
is to motivate the students to understand the users, their tasks and contexts
when using the system that they designed and developed. Based on the teaching
experience of the authors, the paper outlines the approaches to overcome this
difficulty.

Fig. 1. The HCI courses within the Master’s program in software engineering of the
University of Grenoble Alpes.

The paper is structured as follows: Section 2 describes the approach for the
first year Master’s course on user-centered design and development of interac-
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tive systems and Section 3 presents the approach for the course during the sec-
ond year on advanced interaction techniques beyond WIMP interfaces. Finally,
we present concluding remarks on the smooth articulation of these two courses
within the Master’s program on software engineering.

2 First year of the master’s program: User-centered
design and development

The course is organized along the steps of a user-centered design approach. The
goal of this course is to understand the conceptual foundations, models and
notations in HCI that are necessary to any practitioner involved in the design,
implementation and evaluation of useful and usable interactive systems (Table
1).

For each design step, exercises are performed using software tools when avail-
able. For instance, for task modeling, the tool K-MADe is used to produce
task models [2], for evaluation, the students use usability testing tools (such
as https://www.optimalworkshop.com or https://interfacemetrics.aalto.fi).

In addition to the exercises to illustrate each part of the course, a project is
conducted. 5-student groups have to design a controller to drive a kart in a kart
racing game. To design this controller, teachers provide:

– the functional core of a game: a kart racing game. The students must design
and develop the controller of SuperTuxKart kart racing game. The set of
commands and the output device (a screen) are fixed. The game and its
commands are described at https://ihm2019.afihm.org/challenge.html;

– Three answers of three potential users (a grandfather, a 7-year-old child and
a roommate student) to the question D̈o you ever play video games such
as kart racing?ẗo start the user-centered design process. These answers are
fictive ones but allow students to define persona and realistic contexts of use.
Figure 2 provides an example of these answers.

At the end of the semester the controller may be in the form of a mock-up or
a (functional) prototype. Students must explain how they designed it according
to the UCD principles and how it is usable for the target user and the target
context of use. Figure 3 presents an example of a designed controller.

3 Second year of the master’s program: Advanced
interaction techniques – Multimodality

Building on the solid background on user-centered design processes and user
interfaces development, this course focuses on engineering advanced interaction
techniques, beyond WIMP interfaces. The goal of this course is that the stu-
dents acquire insight into the ergonomic and software design of multimodal user
interfaces. The objectives of the course include:
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Table 1. Topics of the first-year course of the master’s program.

1 Introduction
Domain - History - Definitions - Challenges

2 User-centered
Desing and the user
needs

User-centered design
Activity Analysis
Persona
Design scenarios
Collection methods (interviews and observation)

3 Design models
and their integra-
tion within software
engineering life
cycles

Task modeling: formalisms and notations
Low and high-fidelity mock-ups
Dialog models

4 UI Presentation
Exploration and creativity tools
Flat design, skeuomorphism design, responsive design
Psychology and ergonomics guidelines (Gestalt’s laws,
Nielsen’s heuristics)

5 Evaluation meth-
ods of interactive sys-
tems

Evaluation dimensions
Evaluation by experts (Hick’s and Fitt’s laws, KLM-GOMS
methods
User tests

Fig. 2. Example of an answer of a fictive user, used as the starting point for designing
the controller of the kart racing game.
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Fig. 3. Example of a designed controller of the kart racing game.

– Introduction of the key principles and examples of multimodal interaction
(including multimodal interaction techniques on mobile devices and aug-
mented reality)

– Presentation of the ergonomic design space of multimodal interaction
– Introduction of the main issues in software design for multimodal interaction.

The course consists of lectures and a group-work project on designing and
developing a multimodal interactive system (Table 2).

The topics of Table 2 are only introduced during lectures with supporting
documents. Concepts and methods are then applied during a group-work project.
To guarantee a user-centered design approach instead of a technology-driven ap-
proach, the project is made of two parts. The first part is to design a multimodal
interactive system with no development. The second part is to develop and ex-
perimentally test a sub-part of the designed system.

The project starts after the first lecture on definitions and on multimodal
application examples. For the project, the students identify an application do-
main and a potential interaction problem that could require advanced interaction
techniques. The identified problem is the motivation of the project and must be
based on activity analysis including interviews with users as well as observa-
tions. The identified problem is presented by means of activity scenarios from
which requirements are identified. By applying a user-centered design approach
taught the year before that is enriched by the new design elements on interaction
modalities and multimodality, the students design an “ideal project” with pro-
jected scenarios as a representation of future activities (Figure 4-a). In addition
to scenarios, the steps include a task model, as well as the rationale for the choice
of interaction modalities and of their combinations based on CARE diagrams.
The “ideal project” is designed independently of the difficulty of developing it.

The second step is to select a specific part of the designed “ideal project” to
be implemented and experimentally evaluated with users. Since some modalities
may be difficult to implement (hardware and software) and fusion mechanisms
difficult to implement, only a subpart of the “ideal project” is implemented within
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Table 2. Topics of the second-year course of the master’s program.

1 Introduction
Domain - Definitions - Challenges

2 Multimodal applications
Examples - Application domains illustrated by videos

3 Elements on human per-
ception and action

Why study human perception/action
Human modalities
Multisensory perception
ICS: Interactive Cognitive Sub-systems

4 Ergonomic Design
Underlying concepts

MSM
Pipe-Line [6]
Definition of a modality

Design Space
Selection of one or several modalities: Actors &

Criteria
Characterization of a modality
Composition of modalities - CARE properties

[3] [6]
5 Usage

Empirical results
Ten myths of multimodal interaction [7]

6 Software Design
Fusion mechanism

Several approach
Fusion criteria [4]

Software architecture [5] [6]
Tools

Prototyping tools - Wizard of Oz [9]
Component-based approach (ICARE [1], Open-

Interface [8]
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the time limit of the course (14 weeks). Figures 4 and 5 present two examples
of developed projects. Moreover, the developed project can include simulated
modalities applying the taught wizard of Oz approach. This wizard of Oz ap-
proach has been often used to simulate speech recognition.

Fig. 4. Example of a project: (a) “Ideal project” (b) Developed prototype with haptic
feedback (c) tested by users.

Fig. 5. Example of a developed project on mobile phone: the game has been tested
with 11 players on a mobile phone.

4 Conclusion

In this paper we described our approach for raising students’ awareness of the
importance of the users, the contexts and tasks in the design, development and
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evaluation of interactive systems. Two courses are proposed to the Master’s
degree students.

The first one aims at acquiring fundamental HCI methods and concepts to fol-
low the user-centered design principle. Students have to apply them in a project
to design an input interface adapted to specific users and contexts of use to
control a kart in a racing game. The specificities of the project are 1) that the
functional core is provided and the focus is only on the input user interface 2)
that the provided elements to start the user-centered design process are realistic
representations of starting points of industrial projects.

Based on this first course, the second course on advanced interaction tech-
niques adopt a complementary approach that is based on the experience gained
during the first course. We adopt a project-based learning strategy:

– The starting point of the project is a problem chosen by the students in-
cluding users’ capabilities, context of use for which advanced interaction
techniques may be required. So, the students start from the requirement
analysis that motivates the project.

– The project follows a user-centered design approach as taught during the
first course and enriched with new design elements for multimodality, aug-
mented reality and mobile interaction. The project is fully designed without
considering the technical issues of implementing it. It is the first part of the
project entitled the “ideal project”.

– Because the project involves advanced interaction techniques that are com-
plex to develop and tune, the students develop only a selected part of the
“ideal project” that must be experimentally evaluated with representative
users. Wizard of Oz techniques are used to enable the experimental study
with users when an interaction modality is not available.

The topics of these two HCI courses are not specific to software engineering
students. Persona, scenarios, design models, testing methods are taught in other
Master’s degrees but we have adapted the manner to teach them:

– We use many different application examples to facilitate the generaliza-
tion/specification of concepts (well-understood process for computer scien-
tists).

– We systematically use software tools to apply the HCI concepts.
– We drive students to question the usability of the interactive systems that

they designed during group-work project by adopting the user’s point of
view.

This overall approach relying on two courses (for a total of 120 hours in-
cluding 60 hours with the students and 60 hours of personal work) enables us
to motivate the students who are future software engineers in industry to learn
HCI. One comment from a second-year student “After this course, the way I
perceive user interfaces and systems in general is changed”.

As HCI teachers, our goal is to train the students to obtain specific skills re-
lated to the design and development of interactive software systems as part of an
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HCI teaching curriculum for software engineers. We believe that it is important
to acquire such HCI skills since these software engineers will develop the future
interactive systems of our everyday life.
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