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Abstract: This article presents the results of a study on the integration of modeling and simulation tools in the
teaching of mechanical design. Indeed, optimisation of the design process often uses modelling and simulation
tools in mechanical design activities. Thus, to meet the needs of the labour market, training situations in this field
we use communication and information technology. In particular, digital tools are used for the development of
virtual models intended for sizing and optimisation, and/or validating the behaviour and performance of a system,
component, or process. However, their use in the teaching—learning activities of mechanical design give rise to many
problems. These problems are often related to the educational use of these tools; the ergonomics of their interfaces
and the didactic interaction. Thus, this study proposes in the framework of mechanical design teaching, through a
case study, to analyze determinants of the didactic activity of the teacher in order to identify the contingencies of
the didactic action. It presents didactic determinants on the process of teaching mechanical design using modeling
and simulation tools.
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l. INTRODUCTION

Today more than ever, the need for competitiveness requires designing faster, better and cheaper than competitors
to penetrate an increasingly dense and complex market. That's why the efficiency of products design and
optimization is the ongoing challenge of industrial production units. One of the possible answers to satisfy this
imperative need is a rusty and efficient training of technicians and engineers with powerful tools and relevant
design procedures.

In the field of mechanical design, industrial production units use modeling and simulation tools in mechanical
design work [1]. In response to the problem of training-employment adequacy, technological education
institutions introduce these same modeling and simulation tools into mechanical design teaching. The introduction
of software or modeling tools in teaching-learning activities in industrial science and technology opens up new
opportunities for teaching mechanical design in higher technological education institutions [2-3]. Otherwise, the
use of an artifact, such as a modeling and simulation tool in teaching-learning activities, presupposes the
consideration and modification of instrumental and ergonomic genesis, a change of teaching practices and
conceptualizations of these practices [4].

The role of modeling tools in the design process has been the subject of many works [5-6]. The present study is
carried out in this framework and focuses on the use of modeling tools in teaching practices of mechanical design
teachers. With the new environment of modeling tools and their potentialities, the mechanical design teacher will
have to question their use in the organization and implementation of teaching-learning situations. What problems
do modeling and simulation tools confront to teachers in their teaching practices, especially in mechanical design?
Otherwise, how to help teachers to understand the modeling and simulation tools in this context? The answer to
the above questions justifies this study, with the aim of contributing to the improvement of the quality of
mechanical design teaching-learning at the level of higher technological education institutions. It involves
analyzing the joint activity of teachers and students during the use of modeling tools in mechanical design. Thus,
during the teaching-learning process, it will be necessary to identify the components of the appropriation process
of the adopted tools and the resulting problems, related to the teacher, in the sense of proposing lines of reflection
in order to improve pedagogical practices in mechanical design teaching. The present study explores qualitative
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aspects of the educational use of modeling and simulation tools in a didactic context at the level of higher
technological education institutions.

Il. MECHANICAL DESIGN AND MODELING TOOLS

The design of technical systems is defined by the sum of operations that allows a person to explain an idea by
giving it a tangible or virtual reality [7]. It comes from a complex process that consists in predicting materiality
object that does not yet exist and exists only in the minds of those who conceive it [8]. In this regards, it consists
in giving a set of propositions to describe a product (shape, dimension, manufacturing possibilities) and answer
globally to specifications. From an operational point of view, mechanical design reveals four categories of design:
routine design, redesign, innovative design and creative design. All of these categories share a common thread in
design activities: knowing and understanding the needs of the customer; defining the problem to solve in order to
satisfy the needs; conceptualizing the solution; performing the analysis, optimizing the proposed solution;
verifying the obtained design, to see if it resolves the initial customers' needs [9].

The following three important steps (Figure 1) are often found in various existing methodologies: definition of
the problem to satisfy the requirements; the conceptual definition, which sets up the functional structure; the
physical principles and proposes a concept; the detailed definition, which provides a complete description of the
design [10].

Preliminary conception
Expression| Product | perailed | Definition
o Specifications | Conceptual Architectural || concepts i
of need P Concepts : folder design folder
design design

Figure 1. Product design process

At certain stages, the resort to modeling could be systematic. This consideration on design and modeling focuses
on the use of modeling and simulation tools in the teaching-learning activities of mechanical design at university
vocational institutions.

I1. PROBLEM
The adoption of modeling and simulation tools in the teaching of mechanical design in industrial sciences and
technologies has produced qualitative transformations in teaching practices. Therefore, it would be interesting to
question about the appropriation of modeling and simulation tools by teachers in their teaching practices. It is a
question of describing determinants of the teacher’s didactic activity, apprehended in the internal and external
interaction processes. In this respect, the understanding of the mechanisms involved, through such processes,
constitutes a didactic challenge, a guarantee of the quality of the learning acquired.
V. BACKGROUND AND THEORETICAL FRAMEWORK

To have a better understanding of the phenomenon we are interested in, the present study is based on an approach
that articulates three theoretical concepts. First of all, it presents the instrumental approach developed by
Rabardel, which relies on the importance of instrumental mediation [11]. Then, the Engestrém model on the "basic
structure of an activity" which takes into account the social or collective dimension of the activities as well as the
media coverage of the actions with the tools mobilized in the observed contexts. Then the Technological
Pedagogical Content Knowledge (TPCK) analysis model, adapted from Mishra and Koehler, is considered to
understand the different influences that determine the teaching practices of teachers in the use of modeling tools
[12].

4.1. Historical perspective on the analysis of teaching practices

Historically, studies on teaching practices have been part of the "process-product™ paradigm for a long time. The
study of teaching process was reduced to observable behaviors in order to determine the effectiveness of the
teacher [13-14]. Further studies focused, under a cognitivist paradigm, on "teacher thinking". They conceived
cognition as an essential control instance of teaching practice [15]. Then the emergence of the “ecological"
paradigm made it possible to take into account the importance of the "situation™ in which the teaching takes place.
Today, the interactionist and integrative paradigm clarify the articulation of several types of variables concerning
the teacher, the student and the situation (actors and learning environment), to understand the teaching practice
[16-17]. This study fits into this last paradigm. However, it is necessary to make difference in the work on teaching
practice the concept of "teacher practice” from that of «teaching practice». In fact, teacher practice includes
teaching practice and others which take place outside the classroom. Teaching practice, indeed takes place mainly
in class, in the presence of students [18]. It includes three phases: pre-active, interactive and post-active. The pre-
active phase is the planning that the teacher carries out alone or with his colleagues. The interactive phase refers
to the intervention with students, whereas the post-active phase refers to actions concerning the evaluation of
teaching [19]. The present research interested in the three phases.

4.2. Instrumental approach
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The use of modeling tools in the teaching of mechanical design is a didactical matter. Didactics is the study of
cognitive issues in a teaching—learning situation within a discipline [20]. According to Vergnaud, it is the "study
of the processes of transmission and appropriation of knowledge in what they have as specific content, with the
aim of improving these processes [21-22]. Our consideration on design and modeling take place in a didactic
context in university vocational institutions.

The present work finds its theoretical basis in the instrumental approach developed by Rabardel [11].
This approach is based on the importance of instrumental mediation and distinguishes between an artifact and an
instrument. Rabardel shows that the instrument comprises, on one hand, a material or symbolic artifact produced
by the user or by others, and on the other hand, one or more associated use patterns that result from a proper
construction of the subject or the appropriation of pre-existing social schemes. The transition from the artifact to
the instrument refers to a process of instrumental genesis that, according to Rabardel [11], through usage, marks
the gradual evolution of the use of the artifact. Rabardel distinguishes in the instrumental genesis two processes:
instrumentalization (oriented towards the artifact) and instrumentation (oriented towards the subject). The process
of instrumentalization concerns the artifactual component of the instrument by the attribution of function (s)
whereas the subject-oriented instrumentation is constitutive of the capacity of the subject "to adapt to new
constraints, new objects" at the genesis of the schemes.

4.3. Activity theory and modeling of student-software teaching-learning interactions

The present work, among other studies, refers to the activity theory that deals with human activity, considered as
a socially situated activity such as that related to work or learning [23]. It has its origins in the works of Vygotsky,
who considered that the development of human behavior was first and foremost mediated by the use and creation
of material or symbolic cultural artifacts [24]. For Engestrém, Vygotsky is the symbol of the first generation of
this theory [25].

Léontiev develops the second generation, emphasizing the importance of the differentiation between
individual action and collective action, and taking into account the complex interactions between the individual
and his community [26].

Engestrom later developed a systemic model based on the first two generations, adding the socio-
institutional infrastructure of the activity, meaning that the elements of the community, work rules and
organization [27]. It places the individual at the heart of a system of activity composed of six interrelated poles
(subject, tool, rules, division of labor, community, object) as depicted in figure 2. We refer to Engestrom's systemic
model for modeling the teaching-learning activity of mechanical design using CAD software to answer the several
questions that arise and related to the improvement of effectiveness of teaching-learning.

Avrtefact
(CAD software)
A
Subject < o Obiect | Realization
(Teacher or student) o ! of a digital model
/}r
Rules Community < > Division of labor

Figure 2. Schematization of the Subject/ CAD software interaction according to the activity theory due to
Engstrom

This model expresses the relationship between the subject (teacher or student) and the object of the activity. The
subject-object relationship is mediated by the concept of tool. Tool mediation is a means of transmitting a certain
culture or knowledge. The subject realizes the object of the activity, but at the same time, the properties of the
object transform the subject by increasing his experience. Community-subject and community-object relations are
mediated by the concepts of rules and division of labor, which also contain the cultural heritage of the situation.
It is however important to specify the different poles in this study. The Subject is an individual or sub-group that
the observer has chosen to analyze, in our work he is represented by the teacher or the student. The Object is the
transformation of the environment that is targeted by the activity (task to be accomplished, objective to achieve).
Here, it is the realization of a digital model of a technical system. The tools or artifact are the material or symbolic
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tools that mediate the activity (software or tools for modeling and simulation). The community is the subjects (or
subgroups) that share the same object such as industrialists, other universities and institutes, designers, developers
and users of CAD software. The division of labor includes both the horizontal distribution of actions between
subjects and members of the community, and the vertical hierarchy of powers and statutes, such as the pedagogical
leaders of the university, departments, and teachers. Rules refer to the implicit and explicit norms, conventions,
habits ... that maintain and regulate actions and interactions within the system.

4.4. Teaching practices analysis model

We refer to the TPCK analysis model adapted from Mishra and Koehler, to understand the different influences
[12] that determine the teaching practices of teachers in the use of modeling and simulation tools in mechanical
design. Their model was inspired by the Pedagocical Content Knowledge (PCK) which is based on the concept
of disciplinary content pedagogy with two dimensions: pedagogical knowledge and disciplinary knowledge.
Mishra and Koehler associate these two dimensions with knowledge of technologies including knowledge of the
use of technological tools. The TPCK is a model of educational technology used to describe the knowledge that a
teacher needs to acquire when incorporating new technologies into educational practices [28].

(PK) Model Knowledge :
teaching-leaming (CPK) Make it more understandable

(behaviorism, constructivism, the presentation of the content

socioconstructivism); in the most educational way

knowledge adapting to styles
learning styles student learning
students.

for a better understanding
content.

(CK) Knowledge
methods
and tools
mechanical design

(TCK) Different ways,
other software or
modeling tools
using the same content
but with different treatment.

(TPK) Knowledge
of technology
related to pedagogy

(TPCK) Knowledge
technological developments in
teaching practices
and the disciplinary content

Figure 3. Application of the TPCK model in the case of CAD education

(TK) Method and steps
for using the modeling tool

Figure 3 presents the elements of the TPCK model approach applied to the case of teaching mechanical design
through the use of modeling and simulation tools. It summarizes the different skills that can be used by the teacher
in his interaction with the CAD software.

V.  OBJECTIVE OF THE RESEARCH
In general terms, the present research contributes to the improvement of the quality of the teaching-learning
process of mechanical design at the level of higher technological education institutions. More specifically, it
proposes to analyze factors likely to intervene in the management of the contingencies of the teaching process.
This will be organized through a joint activity related to the use of modeling and simulation tools as part of
mechanical design education.
VI. METHODOLOGY

The establishment of a methodological protocol is necessary for the reliability of the data to be collected, because
it combines investigations, interviews and observations in situ. Another reason which justifies the choice of this
approach lies in the fact that teachers' knowledge cannot be accessed either by the dynamics of the emerging
processes of the situations, or by the sole point of view of the actor and the sense that he gives to his experience,
or even the only justifications for the action he enounciates. This is why this analysis work relies on empirical
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materials from actual training situations. This leads us to adopt a triangulation of several methods and tools of
investigation in order to:

— reduce the biases inherent in each method and thus increase the reliability and validity of the data collected;
— provide a qualitative richness and a better understanding of the phenomenon studied;

— facilitate the apprehension of processes that are not directly observable, such as the opinion of the targets.

6.1. Case study in didactics of mechanical design

In this type of research, several steps are possible. Since we are not in a purely quantitative approach, we have
opted for a case study. This option has objective limits: the results can not be generalized. Yet, case study
approaches can provide insights as they can be replicated in other situations. This work is part of a collaborative
research conducted in the associated training venue that is the « Higher Normal School of Technical Education in
Rabat (ENSET, Morocco) ». In this context, three teachers (Teacherl, Teacher2 and Teacher3) are involved in
the research process from a theme related to the realization of a digital model of a technical system. Teachers as
co-researchers are responsible for the design and implementation of pedagogical sequences. This gives them the
freedom to resort to their usual practices or their choice. The principal investigator does not intervene in the design
of sessions or in the execution. He remains in his role of remote observer.

6.2. Methodological protocol and data collection tools

The methodological protocol (figure 4) is divided into four stages. As a first step, an interview questionnaire is
administered to the teacher about the observed teaching session. It aims to clarify the didactic intentions of the
professor in relation to his professional uses and the institutional context of intervention. It concerns also the
identification of the different tasks that will be offered to students and their succession, what knowledge is to be
taught and to collect information on their professional biography. Session preparation documents are taken into
consideration. Then, an observation grid is used about the observed teaching session. It seeks to give an account
of the progress of the session, thus facilitating the possible analyzes in order to check the degree of coherence
between the didactic approaches proposed and their effective implementation. Thirdly, a post-session interview
with the teacher made it possible to review certain elements of the session, with the intention to define more
precisely how the teacher adopts and adapts the modeling tool. This interview completes the teacher questionnaire
in terms of information triangulation strategies. Finally, a test on the realization of a digital model is administered
to students after the teaching-learning session. After the test, a questionnaire is administered to the students. It
makes it possible to specify the performance of the student in his interaction with the modeling tool and to evaluate
his satisfaction on the use of the modeling tool in order to detect the usability problems posed by the interface.

- i . Post-session
Ante-session Observation of a

interview interview

teaching-learning sequence

with teacher with teacher

Figure 4. Data collection device

6.3. Ergonomic evaluation of the software

The criterion related to the ergonomy is not usually used, for this reason, we focus on different apects related to
it. The ergonomic evaluation of the software interface aims to evaluate the degree of user-friendliness and ease of
access to the different menus of the CAD software.

The ergonomics of the software interface is a quality factor for interactive systems [29]. To approach the
ergonomic evaluation of a software is to pose the problem of its usability [30], its usefulness and its acceptability.
Three dimensions explored by Tricot and al in the evaluation of Computer Environments for Human Learning
[31]. Figure 5 presents dimensions of criteria taken into account in the evaluation of a Human Learning Computing
Environment (EIAH).
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Suitability scenario / objectives / contents

Usefulness of the interface
\__Adequacy objectives / contents

Clari

Discriminability

Concision

Usability of the interface Consistency

(_Dimensions of software evaluation >

Adequacy to the needs or objectives of the institution

Adequacy to student expectations

Suitability to student characteristics

Acceptability of the interface

Compatibility with the organization of time

Compatibility with the organization of places

Presence ofthe necessary equipment
Figure 5. Dimensions of software evaluation

6.4. Explanatory criteria for the relevance of the teaching-learning process

The objective was to collect data to understand factors that may be involved in managing the contingencies of the
teaching process. The theoretical framework articulating the instrumental approach, activity theory, software
ergonomics and the analysis of teachers' pedagogical practices, made it possible to deduce the explanatory factors
of relevance of the teaching-learning process of the teacher mechanical design using modeling and simulation
tools.

The first factor relates to the teacher’s profile, the second to the institutional context, the third to the software
ergonomics, and finally the fourth to the teacher interaction with the modeling and simulation tool of the teaching-

learning process. The data collected come from questionnaires, semi-directed individual interviews, and

observations from these teachers. The data collected is essentially qualitative.
The table below presents the criteria that contribute to the relevance of the mechanical design teaching process
using CAD software.

Table-1. Criteria for the relevance of the mechanical design teaching process using CAD software

Social profil Content Knowledge (CK)
1. Gender 28. Prerequisites in mechanical design
5 2. Language 29. Prerequisites for using the modeling
5 tool
& 3. Age 30. Learning objective
é’ Study 31. Adequacy objectives / course contents
S |4 specialty |5 Knowledge related to pedagogy (PK)
% 5. Level of education g @ | 32. Reference teaching model
& The teacher's experience = § Content Pedagogy Knowledge (PCK)
6. Teaching in mechanical design '@ = | 33. Content structuring
7. Using the CAD software E 2 | 34. Presentation of the content
e 9 S | 35. Suitability terms and notation between
nstitution 23 ft d theoretical course
=~ 3§ | software an
5 8. Institution type £ g 36. Anti-return actions
§ 9. University Policy E 37. Presentation of proposed activities
= Class 38. Relevance of proposed activities
5 10. Teaching level Knowledge related to technology (TK)
2 11. Class size 39. Modeling tool used
E 12. Prescription volume 40. Activity used
13. Competences / objectives; Hourly Knowledge of technology related to
volume pedagogy (TPK)
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el e e e 41. Presentation of contents by the

modeling tool

14. Suitability objectives / contents Content-related technology knowledge
(TCK)

15. Suitability scenario / objectives / 42. Adequacy contents / modeling tool

contents

Technological Knowledge in Teaching

Usability of the interface Practices and Disciplinary Content
(TPCK)

16. Clarty 43. Relevant content presentation by the
modeling tool

17. Discriminability

18. Concision

19. Consistency

20. Detectability

21. Readability

22. Comprehensibility
Acceptability of software

23. Adequacy to teacher expectations

24. Adequacy to the needs or
objectives of the institution

25. Compatibility with the organization

Software ergonomics

of time

26. Compatibility with the organization
of places

27.Presence of the necessary
equipment

VII. RESULTS
In this article, we limit ourselves to the analysis of data relating to didactic action of teachers. These data from the
teacher questionnaire, observations and interviews are organized around four items. These later are related to the
teacher profile, the institutional context, the software ergonomics and the pedagogical process.

7.1. Characterization of teachers
All the teachers observed obey the same characteristics in terms of academic, professional, age and gender profile.
7.2. Institutional context of intervention

The teaching-learning situations observed lasted on average two hours of time, in a classroom dedicated to the
teaching of mechanical design. They concern on average three classes of twenty-five students in the first year of
the DUT “technical University degree” in production. To these elements of institutional context is added the target
competence entitled "realization of a numerical model of a mechanical system”. This skill from the official
program, allows technicians to master the CAD tools in the design office and industrial sectors of mechanics. As
part of this study, the teaching-learning situations implemented contribute to the installation of the competency.

7.3. Process of implementation of teaching-learning situations

Teachers say they have adopted the innovative design approach. In this context, the objectives assigned to the
different teaching-learning situations are linked to the detailed design, a step in the process of producing a product.
Socioconstructivism is the pedagogical reference model supposedly adopted by teachers in teaching-learning
activities related to the use of the modeling tool. However, in all the teaching-learning situations observed, it is
the teacher who determines the pedagogical path in which he shows, has it done individually, then makes the
students formulate in order to evaluate the achievements of the teacher learning. By this method, he seeks to make
students acquire a know-how by simple or deferred imitation. This practice is inspired more by demonstrative
methods. Whereas, for the stated socio-constructivist model, it is most often suggested to the teacher to create a
problem situation with material that makes it possible to use the tests, the errors and the groping to learn. It must
also mobilize the personal experience of the student or that of a group of students to assess the situation and solve
the problem with their means. Intra-cognitive work and peer-to-peer collaborative work are promoted. The
pedagogical culture of the teacher could be a quality input for the arrangement of teaching-learning situations.
The modeling tool in question was used through several activities, including the design of mechanical parts shapes,
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the dimensioning of mechanical parts, the assembly of mechanical parts and the animation of mechanical systems.
From an ergonomic point of view, the modeling tool facilitated the learning of the contents to be taught because
of their coherence with the contents of the interface. Its relevance is a guarantee of quality learning. From the
point of view of utility, the interface facilitated the achievement of learning objectives. This confirms its
effectiveness and efficiency. In the same sense, the actors find the functionality of the interface quite satisfactory.
The latter is characterized by the clarity of the content displayed on the interface, the distinction of information,
the display density and the consistency of the information present on the interface. Also within the framework of
the functionality, it is positively appreciated the facility of localization and reading present information on the
interface. Finally, it is emphasized the ease of understanding the meaning of the icons on the interface. Moreover,
the actors reveal that the modeling tool has met their expectations and the needs of the institution. It is also
considered compatible with the organization of time and places.

VL. DISCUSSIONS
We have examined factors that may be involved in the contingency planning of the mechanical design teaching
process. The study reveals the importance of the teacher's profile in the teaching-learning process of mechanical
design. In the profile, we looked at the impact of the teachers' professional experience on the process. While work
experience contributes to the mastery of skills for teaching, it is also a factor that can influence the conceptions of
the profession. Huberman has shown that teachers' concerns evolve over time by moving successively from self-
centeredness to task as well as students [32]. Observations confirm that these experienced teachers have become
more concerned with thinking about the task. In other words, a logic of education that most often concerns
beginners, they are in a logic of learning. Which constitutes a real paradigm shift.
Regarding the institutional context, its conception of the institution's programs reveals its didactic-type
orientations (skills approach) which suggests the theory of activities as the foundation of learning. In this case, all
activities would be designed to effectively contribute to the installation of the target skill.
From the point of view of the ergonomics of the software, the use of the utility, usability and acceptability of
modeling tools are levers by which the teacher arouses the need, gives rise to interest and motivation to trigger
the activity of the learner. Thus the joining of these three variables reinforces the teacher's desire to use the
modeling and simulation tool. Behaviorist conception, still largely dominant in observed practices, cannot
contribute effectively to the student's cognitive and metacognitive development. The most recent developments
in the behaviorist paradigm have made it possible to renew and enrich teaching models, integrating, in particular,
elements of the cognitivist paradigm, to adapt them to ICT [33]. This opportunity could be extended to modeling
and simulation tools. In this context, two strong ideas are common to all models of education resulting from this
paradigm (cognitivism). As a first step, learning is conceived as a process of building knowledge, not as a process
of acquiring knowledge. Secondly, teaching activities are that help build knowledge rather than knowledge
transfer sessions [34]. In the context of observed practices, related to teachers' statements, it can be deduced that
the question of constructivism is still at the state of the discourse. There is no question of inculcating knowledge,
even if it is practical. What is needed is to get students to build and co-build themselves. Unfortunately, no
opportunity in this sense has been exploited. The students were there in groups, but each worked individually
imitating the teacher. No interaction between students, but hierarchical relationships between student and teacher.
This, notwithstanding the famous remark of Piaget: the intellectual schemes pass better between peer than
hierarchical report.

IX. CONCLUSION

The purpose of this study was to analyze factors that could intervene in the management of the contingencies of
the teaching process, through a joint activity in the context of the teaching of mechanical design through the prism
of modeling and simulation tools. In conclusion of our research work, we highlight the impact of the factors
retained on the teaching-learning process from mechanical design to the prism of modeling tools. This work
allowed the analysis of a teaching-learning situation proposed by the teacher based on the official programs, then
the analysis of the activity of the students when they are confronted with problem-solving situations of design as
part of the teaching of mechanical design in industrial sciences and technologies.
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