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Abstract:

We describe the construction of a skill standard domaster degree education in innovation and
products engineering. Our final goal is to checlt assess pedagogy result for accreditation, tcaaxpl
the purpose of each training unit and to facilitiie employability of trainees by the definition rafw
skills for these emergent jobs. Our method is imegpifrom the one used to elaborate occupational
standard, a framework to evaluate qualificationgdoational training. From the occupational analysi
an occupational profile describes the missionsivities and skills. An activity is observable and
requires multiple skills with various levels. Eadfillss assessed by clustering a set of capalslitievo
adaptations of the initial method have been dohey tconcern the acquisition of information for
understanding the activity, and a definition oflislavels that relates to roles taken in desigmiga
(from a simple participation to the ability to mgeaa design session).

The application is part of the curriculum of the @st year of Master Innov-acteur in UTBM. It
contains five core units (innovation strategic ngamaent, business intelligence, innovative design,
emotional perception, and marketing). The methodpplied to "innovative design" which aims to
search and to validate solutions. This activity usesthodological tools like functional analysis,
brainstorming, Triz ... but differs from classicabplem solving in many aspects: problem and salutio
co-evolution, use of representations, reasoningesiddr creativity, a process constantly refined by
designers, its collective character, and the useftéxive practice necessary to conduct it. Faanec
skills are identified and linked to sixty one caifiibs. This study shows the possibility to apphys
method to high level cognitive activities. Anothiesult is the necessary combination of communinatio
capabilities to technical ones in order to assedsnical skills.

Key words: Design, Innovation, Reflective Practice, Accratiitn, Qualifications framework for lifelong
learning.

1. INTRODUCTION

In this article, we describe the elaboration oft pdra reference skill standard for a master degrggroduct
engineering innovation. It concerns innovative gesiOur objectives are multiple. First, as teacheus goals
are to control the "results" of our teaching anddammunicate on it. Second, defining the detailejgatives of
each teaching unit will allow trainees to accesgh(the teaching team) individual requirementsgaacentrate
acquisitions on new or missing knowledge and knowshand ideally to make self evaluation. Especjdiy

these emerging carriers a detailed reference sitéladard can help for skill appraisal, supporimgjvidual

integration and development. Last, it could fadiitthe management of collective and individuallskil

Innovative design is involved in any innovation,simply design, project. Its objectives are to skarew and
technically viable concepts for corresponding regients, and to prepare decisions concerning theéupt
development. Argumentations are fundamental andimedpoth technical and communicative skills Assthi
activity is not easy to perceive, we will beginhvi presentation of some of its features in se@ion

Then, the method we used will be exposed in se@idnpresentation of our reference skill standaiitifallow
in section 4, and its use in section 5.



2. INNOVATIVE DESIGN

Discourses on (innovative) design activity are iplét but we can consider that none of them camfar
complete model able to describe the complexityhefdctivity. Moreover, a direct observation is swfficient to
understand the diversity of design situations. Bethe less, we will give here some of its imparf@atures,
founded on literature survey, on our research bardtie observations of design sessions, and oaxparience

in teaching and practising. It is important to udide that the skills we will consider concern thandling and
management of the design process; most of therbamed on techniques, methods, and methodologioks. to
These skills complement more classical technicalk dnephysics, mechanics (including the knowledge of
components of current products), manufacturingdpetion organisation, product behaviour assessmertr
even CAD modelling, which we will consider previbuacquired.

2.1 Co-evolution

Design problems are "ill defined", especially imavative design [1]. These problems do not have enainte

potential solutions; it is not possible to set acassion of operations leading from a problem fdatien to a

solution; and, most of all, it is not possible vk a correct formulation of the problem(s) witheagaging in
some sorts of solution hypothesis [2]. During thesign process, "unexpected discoveries" are conii3ipn
typically new criteria: they will complete, modifgr even erase the current formulation of the pablAlso,

new (sub) problems emerge. Design research recamgtimat solution(s) and problem(s) co-evolve duthmg

design process [4]. A consequence is that the fimtion of needs, functions, and requirements... nigst
considered as final results of the activity ratifiamn as given data or intermediate deliverablemuative design
deliverables are made descriptions of both thegeeg product (its structure) and the needs it spaeds to.
These two descriptions are linked by the analyste®product behaviour and by functional analysis.

2.2 Importance of creativity

Different reasoning modes are required from inniweatdesign. Determining the product behaviour resgii
classical engineering knowledge, essentially basededuction. But the ability to propose and bsiidutions
also depends on other reasoning modes like telealpgbductive, and analogical reasoning. Thesdanare
difficult to learn and assist: Creativity technigu®rainstorming...), some methods like TRIZ [5], cadgaies of
technical solutions, or information systems, caip.h&pecific capabilities must be associated teeheon
conventional reasoning modes.

2.3 Importance of representations

Designing is also thinking on a product still naisting, and not defined. Part of the activity dstsin the
construction of relevant representations descritdif(erent and complementary aspects of a prodalit,
evolving. Among them, structural representationghi@ form of drawings (schematic or technical), CAD
physical models are naturally present. But othprasentations support the expression of behavifumstions
or product use (need): simulation results, funetiaor flows models ... The first function of all thosexts,
graphs, mock-up or tables are to support the ifleon the product [6]. In collective situatiorejditional
functions appear such as information sharing, conication of ideas, or personal involvements ... Boid
and using relevant representations requires spesils, including technical and communicative gaments.

2.4  Design process

The evolution of problem and solution, and the ukenoltiple reasoning modes, give the design pro@ess
opportunistic character; more exactly, its defamtihas to be constantly refined by designers. Ergjgoting
(rather than management) requires the designereterrdine objectives, intermediate milestones, amd t
permanently evaluate the current situation in otddransform it. From a technical point of vieWwistis first an
analysis of the current definition of the produspects, and the extent to which they are compledecaherent.
Actions are then programmed (among them sub prabl@tantification and resolution), and the product
definition is transformed. This is an iterative @edure, where each action depends on the otheth (pa
dependency, but also teleological one). We chosgrdap these possible actions in three categopiexiuct
analysis, interpretation and focalisation, andgfarmation; each one requires specific skills.



2.5 A collective activity

In engineering design, technical creativity is biotiividual and collective work, with interactiobstween these
two working modes: individuals have to report oreithwork, which can be specified in meetings. A
multidisciplinary design team processes a greatantity of information than individuals, and thigarmation
comes from diverse technical domains. Moreovengmynamics is known to favour creativity.

Each participant must therefore have elementaryioakhip know-how (express an idea, listen to athel) and
the animation of meetings must be supported by atndm techniques (be attentive to each participalfdw
each one to act, reformulate ideas ...); this sqaal of the activity relies on communication knowawhfor both
participants and animator.

2.6  Reflexive practice

In a previous paper [7], we defined reflexive pi@etas "the attitude adopted by an individual ideorto take an
external and critical look at his/her activity mogress or completed). It allows him to analyse ¢bntextual
and generic elements of a situation, to gain acatitdistance in relationship to the schemas beised, to
capitalize". This reflection is necessary to conssip program future actions. We consider that itstrioe
mobilized for all the aspects of the design sitwatiThese can be technical (co evolution), relativehe use of
methodological tools and product representatiomghé piloting of the project and to social comnuation.
This reflection is not of the same nature for thietpig of the activity or for the realization ofeshentary
actions.

2.7  Occupational profile

The innovative design activity as described abowevislved in several occupational profiles, likeguct
designers or design engineers. The core jobs we fatare in R&D or design departments.

The corresponding missions essentially aim to banld develop new product solutions; they often idelthe
animation of work groups, and sometimes the diflngf new methods.

3. METHODOLOGY

The method used is inspired from the one used toomée an occupational standard [8], a framework to
evaluate qualifications, in vocational training.

3.1 Vocational training methodology and definitions

Occupational profile

Job

Activities

Skills

Capabilities

FIGURE 1: Four concepts of an occupational standzfetence.

This method [9], [10] is organized around four cqatsestructured in a hierarchic manner (cf figuredBpicted
according to a top-down progression:



« The first step is the occupational analysis to @efin occupational profile.

« The second step is the activities writing. An atyivs a set of final, identifiable tasks organisgd
a logical process. It is observable and requirelipieiskills with various degrees.

« The third step is the skills identification. Thelklg defined as the ability to act successfullyain
professional situation [11].

« The last step is the definition of capabilities fedmtary level) which are: theoretical knowledge,
technical, behavioural, operational know-how. Eddlhis assessed by clustering a set of
capabilities required in an occupational situation.

All information about occupational profile, actie$, skills and capabilities are brought togetheran
occupational standard. This framework provides dljjecdata necessary in human resource management:
writing the job description, selecting personnelfitb positions, training them on specific taskslentifying
training courses and evaluating their efficiency &fficacy, needs assessment, vocational assessamghjob
communication.

Analysis methods to elaborate this framework ame dhe used in Social sciences: occupational peacti
analyses, surveys, individual and group interviestiservation, work diaries. All those methods aeally used
to describe technical employment.

The specificities of the activity we studied (higivél, cognitive, communicative ...) involve adaptihgA first
change concerns the acquisition of information, enfm literature survey, research and design cessi
observation, teaching, and personal practice amdehond change concerns the definition of thd &hkills.

3.2 Skills
The usual levels are:
- novice,

- intermediate: common practice,
- advanced: mastery (great skillfullness) and abibtyeach,
- expert: expertise level or ability to improve thhreaaknowledge.

In this study we prefer to define the level of skiklatively to the activities in collaborativeatas. The required
levels of skills are different, depending on thiesdaken. Our skills levels (SLi) are:

e SL1:1only have theoretical knowledge and | don't\rfmw to practise.

e SL2: | can act, with the help of the team. This levelresponds to an active and constructive
participation in a meeting.

e SL3: 1 act in autonomy, interactions with my colleagimappen for reporting.
e SL4: 1 manage a meeting partly or entirely

This scale is increasing: capabilities to act alamerequired for conducting a meeting.

3.3 Capabilities

According to their definition, capabilities are essable. Each capability can be written in the fdyenable to”,
and without any conjunction (specially “and”). Asnovative design activity is largely instrumentedany
capabilities are related to choose, use, and maeelityniques and methodological tools. This actistseflexive,
self evaluation can be possible. Capabilities Ielefinition range from “no action” to “act autonetlly”, based
on cognitive scheme. “The cognitive scheme (...) hasatdlvantage to make easier action by automating.it
[12].

The levels are:
e CL1: I'm not able to act.
¢ CL2:I'm able to act in common situation.
e CL3:I'm able to act in 80% of situations, even unlisua
e CL4: I'm able to act automatically.

Only practical experience enables to gain the ldveihd we cannot require it in academic trainingt Be
repetitionof situations can help to gain this level.



3.4  Capabilities-skills connection
Capabilities contribute to skills. Each skill offiied level is linked with certain capabilities gif’en level.
In the following section we transpose this mettmthe innovative design activity.

4. APPLICATION

This section presents the main two steps of thdagtjgin to a master degree course. ldentifyingctggabilities
is the first step; each one is deduced from onk Jkie second one aimed at determining the depeede
between capabilities levels and skills levels; wentsaw that a capability level is often requiredtévo or more
skills: Innovative design activity skills are natiependent.

4.1  "Innov-acteur" : a master degree in innovative desjn

We applied the method to a master degree in inh@vdesign, called "Innov-acteur”. The curriculummtzns
five mains poles:; innovation strategic managemarnt patent right, business intelligence and knowdedg
management, innovative design (on which we focug)hemotional perception and design, and innomatio
marketing. Transverse modules on foreign languagesmunication, and of course an application project
complete the curriculum. [13]

Selected trainees enter with skills in several igises according to their previous curriculum (Bomics,
patent right, management, engineering ...). During ¢arriculum, they get the specific skills requirtd
participate to innovative products or services tgwment projects, or to manage some, Those skills
systematically include the ability to built and rage the design process, to use (or make use dfjpa@bgical
tools, and to improve the cooperation between tbgept actors. For their first job, trainees mustdble to take
responsibilities in products or services creatictiviies, at first as assistants, then as managers

4.2 ldentification of the required skills for innovativ e design
At the first step, we identified four main skillSi}: three correspond to the three categories tidrecmentioned
in 2.4, plus the design process management. Wegedp define them as follows:

e Sl to analyze and understand why a product has tesigned in the way it has, and to criticize it. It
consists in having a static "designer's look" orohject already existing or being designed, to amsw
the following questions: "what?" (What is this et what it is made of?), "what for?" (What are th
needs it is designed for, and the functions it theasomplete?), "how?" (How does it work and match
the required performances?). This needs using soote of functional and technical analysis in order
to describe several products aspects (needs, dmsctbehaviour, structure).

e S22 to build and decide one's aim and action mapmRtte previous analyses (on the current reality),
the work to be done consists in defining the futteality to be built, i.e. in detecting the main
performances to be improved or problems to be doffeaming, prioritizing, defining goals and
focusing on them).

e S3 toimagine and build some solutions, then evaltiam, and decide to keep or modify it.

e« S4 to manage the design process and the projealeAbkie operational level of the tasks previously
described, the designer’s sight must include thresipte consequences of the current activity in otole
anticipate them, and to take in account the "gaod!' "bad" unexpected events.

Each skill can exist at the different levels desaiin 3.2. (Skill S4 at the level SL2 is the exceptimanaging
the process cannot be done by someone only ahlg teith the help of the team).

4.3 Identification of the capabilities required for ead skill

Determining the capabilities required for each bé tskills described above is the second step. This i
fundamentally a top down process: capabilitiesadntained by breaking down one skill. But we alseniified
some capabilities from a reflection about the fions that each step of methodological tools coraplén the
design process. (see example in "group 1" herejnder

We remind here that our scope doesn’t includenalidapabilities relatives to specific domain skids instance,
we don’t mention the ability to use CAD tools orassess product behaviour.



We present hereunder the five groups of capalsilitve identified (one per "technical” skill, pluseofor the
relational capabilities).

e Group 1: 16 capabilities were derived from skill S1 (protlanalysis), for instance :
— basic: recognize or state the system perimeter;
— using analysis methods (for instance functionallyasis): identify the main lifecycle phases,
express the needs and the functions of the systiemtify the main flows of matter energy or
information.

¢ Group 2:11 more capabilities were derived from skill Seofdem framing and focusing), for instance :
— describe the product to be designed and buildpiézification, as just accurately as necessary
(qualification criteria, validation tests ...);
— decide and describe a goal (using TRIZ conceptd@uid like ideally, evolution laws or multi-
screen representation, for instance).

e Group 3: 6 more capabilities were derived from skill S3dging and building solutions), for instance :
— choose the most adapted creativity tool or animatehnique;
— propose original and pertinent concepts.

« Group 4: 5 more capabilities were defined from the slkas (design process managing), for instance :
— take into account the unexpected events;
— evaluate the situation and prioritise actions talbee.

e Group 5:we added here 23 more capabilities in communinatiaimation and relational abilities, like :
— incite and valorise project actors participation;
- evaluate the current situation and decide actiometdone.

4.4  Capabilities-skills matrix

Skills
S1 S2 S3 S4
Product Framing and Building Process
analysis focusing solutions piloting
Levels Levels Levels Levels
SL2 | SL3 | SL4 | SL2 | SL3 | SL4 | SL2 | SL3 | SL4 | SL2 | SL3 | SL4
C LevelCL2 11 | 4 9 | 8 9 10 | 9
Group #1
a Level CL3 12 | 16 2 3 1 2
P Level CL2 6 | 9 | 8 | 3 6 | 5 8 | 7
Group #2
a Level CL3 8 | 11 3 2
b Level CL2 4 3 4 3 3 4 3
i Group #3
| Level CL3 1 3 6 1
) Level CL2 1 5 1 5 1 5
| Group #4
t Level CL3 5 5
i LevelCL2 22 | 11 21 7 23 4
e Group #5
Level CL3 8 23 11 | 23 14 | 23 20 | 23
S

Table 1: Number of capabilities for each skill -raxted from the capabilities-skills matrix

The following step aims to determine which levekath capability is required to get every leveladhreskill.



A same capability can be involved in many differskitls, sometimes with different levels. The sitaatis the
same at the upper level, since a same skill candpgred by many different activities.

All these crossings and overlaps show that thevicis complex. It is obvious that the three fisills are not
independent and that they overlap: you cannot frantefocus your action (skill S2) without undersliag the
initial situation analysis (skill S1); modifying @roduct (Skill S3) requires to have detected filise

characteristics to be improved and to have undadstioe problems they hide. Last, managing the pso(®isil|

S4) requires understanding all the concepts.

We built a complete capabilities-skills matrix, ldaated from our industrial and academic experigrinethe

field. Table 1 is extracted from this matrix and whoall the crossings. Its cells contain the numébkr
capabilities of each level from each group requi@da given level of a given skill. For instantlee number
"3" in the grey cell means that, among the capsliof the third group, 3 are required with a l6B&2 to get

the skill S2 at a level SL3. The columns relativeskills levels SL1 and lines relative to capaigititievels CL1
are obviously not considered. As we said in 3.3 eatimate that the capability level 4 (acquisitadrcognitive

scheme) cannot be required at the end of an acaagemiculum - see above.

The table shows that an increase in the skill legquires higher levels of both technical and comirative
capabilities; it requires as well a higher numbleditfierent capabilities (qualitative and quaniitatchanges). It
also confirms that piloting the design process iregualmost the whole set of capabilities, butmetessarily at
the highest level.

Finally, a synthetic ratio can be calculated frdra tomplete capabilities-skills matrix, in orderdigest each
student's level in every skill from his elementaapabilities evaluation.

5. RESULTS AND DISCUSSION

This matrix was tested on the ongoing master, a¢ticeof the theoretical semester of training {nd=ebruary
2008).

5.1 First experimentation

The capabilities list was distributed to 6 subjaent®lved in Innov-acteur Master. For each capabilie asked
them to self-assess their level (between CL1, CILAB,CL4) at the end of the academic semester, befoirey
to placement. Five subjects came from initial tirggrand one is in an adult vocational cursus.

Capabilities titles seem to be clear enough, maiktipgssible for each student to estimate his cawvell

Nether the less, we noticed three kinds of shéfiscé we know these students well). The first anknked to

self esteem. The second comes from possible confudi@tween management capabilities and meeting
animation ones. The third one concerns communicatapabilities, and is due to an under rating of gdap
between theoretical knowledge and its applicatiorpiofessional situation. The synthetic ratios wlialed
confirmed the pedagogic team opinions and evalnatiluring training work.

5.2  Possible applications of the evaluation device

The first application naturally concerns training.order to pilot the training process, it is usdfubssess skills
at different times of the curriculum: at its begimyp at the end of the academic semester just detoe
placement begins, and at its end. It could evep feetietermine ECTS grades, as a complement to wines of
evaluation, especially for greater populations wteer individual monitoring is not easy.

A detailed skills assessment is also very usefultie students, to better know themselves. It hédps to
compose theicurriculum vitae and to prepare future job interviews.

The proposed device can also be used in human oesomranagement, to support someone's skills agsetssm
or to describe the required skills in order to defa job. Indeed, it allows completing the cutlseabserved
occupational profiles, by describing some new oemgimg skills: for instance, the ability to chodke right
methodological tool at the right moment, or to pdavork group, is poorly recognized yet as a neguskill for
designers, and almost never mentioned in compaskils' standards.



6. CONCLUSIONS AND PERSPECTIVES.

Innovation design is cognitive and complex. It usestruments (methodological tools ...), it is lasgel
communicative (multiple actors and social concerasyl reflexive.

In this article, we show that it is possible toidefa reference skill standard for this profesdiativity. Such a
standard can give each student an indication ofolis skills and their evolutions relatively to exjil
requirements. In this aspect, this tool can helmimemark on learning. This tool can also be usédul
professional insertion in emergent activities.

We took inspiration from a method classically usadprofessional skills. We made two modificatidnsadapt
it to our purpose.

The first modification concerns the comprehensiothefactivity. The impossibility to understand it siynple
observations involves considering some of its nfaatures from literature survey and from our owtivity
(research, practice and teaching).

The second modification concerns the different skilvels definition. Instead of defining them asr@asing
degrees (novice, intermediate, advanced, expeetjefined abilities to act in different situaticans participant,
autonomous worker and animator.

Two actions are programmed in the future. First,imtend to test this reference standard on largaelgaof
engineering designers, including professionalsoBgcan extension to the whole of innovation skilks to be
done. In our master degree, innovative design ésamtivity among five, and its skills consider thieractions
inside this activity and with communication. Theetijve is to define a complete skills referencedsad with
all the possible interactions before certifyingvith industrial professionals.
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