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Executive Summary
The objective of the SCILED project is to contribute to the modernisation of Footwear Designer
and Footwear Product Manager occupational profiles and to integrate the related curriculum and
educational package, with the necessary adjustments, into the training and education systems of
the five countries involved in the project: Romania, Portugal, Spain, Italy and Greece. The success
of this project objective and correspondent deliverables will increase the employability of the
target-group and will enhance the productivity, differentiation, and competitiveness of the
European footwear companies.
The objective of Work Package 4 is to review the knowledge and skills of Footwear Designers and
Footwear Product Managers, according to the new needs, and to create European Qualification
Framework (EQF) definitions for the new occupational profiles, which will prepare students and
workers to develop drastically improved footwear that includes fashion, sustainability and
comfort.
For each occupation, SCILED partners decided to develop a joint flexible 3 modules curriculum
encompassing the 3 main pillars of knowledge, which all together, enable the Footwear Designer
and the Footwear Product Manager to acquire the necessary skills to cope with the desired
objectives:

• FOOTWEAR
PERFORMANCE
AND COMFORT
REQUIREMENTS

Module 1

• FOOTWEAR
SUSTAINABILITY

• FOOTWEAR
DESIGN
ENGINEERING

Module 2

Module 3

Each module is structured in several Units and subunits - Learning Units – with a time load of 120
hours and 5 ECTS each, corresponding to specific learning outcomes, described into Knowledge
and Skills in articulation with European Credit Transfer System (ECTS), in order to get the
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transferability and recognition Europe-wide. The entire course will include 360 hours and will
grant 15 ECTS.
The following 3 modules and correspondent main units are:

• Unit 1 - What is comfort in footwear?
- The concept of comfort & consumer’s requirements for comfort
• Unit 2 - Mechanical comfort and footwear performance
- Human foot, gait cycle, facility of walking, balance and stability
- Plantar pressure distribution and ground reaction forces
- Cushioning and shock absorption
- Bending and torsional characteristics of the sole
- Slip resistance, softness, flexibility and lightweight
• Unit 3 - Fitting and dimensional comfort
- Static and dynamic foot measurements
- Relation between foot, last and footwear
• Unit 4 - Introduction to hydrothermal comfort
- Thermal comfort, water resistance, absorption, and vapour permeability/ breathability
• Unit 5 - Testing standards and equipment for evaluating comfort and performance
- Testing standards and equipment for evaluating performance and comfort aspects
- Design for footwear performance
• Unit 6 - Design for comfort and footwear performance
- Project work: Design concept of a footwear to sustain performance and improved
comfort
1 - FOOTWEAR PERFORMANCE AND COMFORT REQUIREMENTS

• Unit 1 - Modern concepts on footwear sustainability
- Introduction to sustainability / consumers’ and legal requirements
- Requirements from non-legislative binding initiatives
• Unit 2 - Framework for sustainability in footwear
- Methodologies and tools to evaluate environmental impact and assess sustainability in
footwear companies
- Computer aided tools for assessing sustainability
• Unit 3 - Materials and technologies for sustainable footwear manufacturing
- Footwear materials, properties and environmental impact
- Chemical risks of footwear materials
- Testing standards and equipment for evaluating sustainability aspects
- Innovative footwear materials for sustainability
- Design for sustainable manufacturing
- Emerging technologies for sustainable footwear manufacturing
• Unit 4 - Product Lifecycle Management approach for sustainability
- Reference models for footwear product lifecycle phases
- Footwear product development strategies to support sustainability
- Post-consumer waste management
• Unit 5 – Footwear design for sustainability
- Project work: Asses and select sustainable materials
2 - FOOTWEAR SUSTAINABILITY
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• Unit 1 - CAD/CAM/CAE systems for supporting integrated footwear design
- IT aids to footwear design engineering
- Computer-aided tools for material selection in the footwear industry
- Overview on CAD/CAM/CAE systems for the footwear industry
• Unit 2 - Introduction to materials engineering
- Introduction to materials engineering
- Introduction to FEA
• Unit 3 - Engineering footwear for mechanical and thermal comfort
- Managing:
plantar pressure and distribution
shock absorption characteristics
bending and torsional characteristics of the sole
fitting aspects
thermal comfort
• Unit 4 - Footwear functional modelling
- Project work: Optimisation of footwear comfort in design stage using OPT-Shoes tool
• Unit 5 - Footwear 3D/2D CAD. Virtual & Rapid prototyping
- Project work: 3D CAD footwear models and virtual prototypes creation and modification
of 2D CAD patterns and 3D printing
• Unit 6 - Fashionable footwear drastically improved to comfort and sustainability
- Project work: Creation of an innovative and fashionable footwear concept to drastically
improve the comfort and sustainability
3 - FOOTWEAR DESIGN ENGINEERING
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Introduction
The objective of SCILED project is to contribute to the modernisation of the
qualification of two specific target groups, which are “designers” and “product
managers” and to integrate the related curriculum and educational package, with the
necessary adjustments, into the training and education systems of the five countries
involved in the project: Romania, Portugal, Spain, Italy and Greece. The success of the
project objective deliverables will benefit the target groups in terms of their
employability, and will increase productivity, differentiation, and competitiveness of
European footwear companies.
Therefore, it is a priority to equip designers and product managers with creative and
innovative skills and a deeper understanding of the mechanics that determine
footwear comfort and sustainability.
Work Package 4 addresses in particular the following project objectives:


Incorporation of comfort and sustainability in product life cycle. Product life
cycle is a subject well documented in academic textbooks. The available
documentation was studied and revised, and comfort and sustainability
parameters were included during the design process. Training material is
developed, and it will reflect the new life-cycle paradigm and the associated
technologies.



Analysis of the parameters that affect footwear quality with respect to
sustainability, comfort and performance. Dimensional, fitting and plantar
comfort parameters were analysed. Material properties, design processes,
technologies, and manufacturing techniques were considered in terms of
functionality, performance and final product sustainability. This study provided
the necessary scientific background for the establishment of new qualifications
for the designers and product managers of the footwear sector.



Stimulating the collaboration of Higher Education and research institutes with
companies to develop new learning and teaching methods centred on learners
and real problem-based scenarios, as well as solutions for challenges and
problems affecting the footwear sector.
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Use of existing state-of-the-art technologies and computer-based tools for
the determination of footwear comfort parameters using human bio models
and simulation scenarios. Outcomes of previous projects and state-of-the-art
design, 3D scanning and prototyping technologies are used to provide practical
training material to current and future footwear designers and product
managers.



Refining and improving the curricula for the professions of Footwear Designer
and Product Manager. The future Shoe Designer should be able to creatively
use computer-based tools and technologies for the design of high-quality
sustainable footwear, with increased comfort properties and aesthetics.
Similarly, a Product Manager should be familiar with all the main aspects that
influence the shoe quality including the role of materials and manufacturing
technologies in product performance. The new curriculum is proposed to
national institutions for accreditation or/and integration in the tertiary level
study programs.



Provision of the produced accredited “educational package” to the allied
Universities as complementary material for the enrichment of their current
undergraduate or graduate programmes. The produced modules could be
accredited according to the European Credit Transfer and Accumulation System
(ECTS)1, which is widely adopted by EU countries and Universities.

This work package aims at creating the contents of the European Qualification
Framework (EQF)2 of the new Footwear Design and Production Manager of the sector.
These qualifications provide a description of knowledge and skills based on learning
outcomes, regardless of how or where these are achieved, and with ECTS points. The
EQF definitions will serve as a reference tool to compare the qualification levels of the
different national qualification systems and to promote both lifelong learning and
equal opportunities in the knowledge-based society, as well as the further integration
of the European labour market, while respecting the rich diversity of national
education systems.

1

European Credit Transfer and Accumulation System (ECTS) , https://ec.europa.eu/education/resourcesand-tools/european-credit-transfer-and-accumulation-system-ects_en
2
Learning Opportunities and Qualifications in Europe,
https://ec.europa.eu/ploteus/search/site?f[0]=im_field_entity_type%3A97#
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Therefore, the objective of WP4 is to review the skills and competences of Footwear
Designers and Product Managers and to create European Qualification Framework
(EQF) definitions for the new respective upgraded occupations in order to prepare
them to develop drastically improved footwear regarding fashion, sustainability and
comfort.
The quality of the deliverables is guaranteed by the expertise and experience in the
field of the partners involved. A validation of the results by the stakeholders grants the
adequacy if the curricula to the real-life context.
This deliverable consists of the EQF definitions of the new Footwear Designer and
Footwear Product Manager. Thus, for each occupation:
 It contains a joint flexible curriculum structured in Learning Outcomes,
described in Knowledge and Skills, in articulation with ECTS requirements and
with standards and guidelines for internal and external quality assurance in
Higher Education described in the European Standards and Guidelines (ESG)3 ;
 It contains a joint flexible curriculum structured in Modules, Units and Lectures,
corresponding to specific learning outcomes.
 It represents a reference tool for future accreditation in different countries.
 It represents a reference document across several national education systems
to promote equal lifelong learning opportunities and integration in European
labour market;
 It allows comparing the qualification levels of the different national
qualification systems and to promote lifelong learning and equal opportunities
in the knowledge-based society, as well as easier integration in the European
labour market, respecting national education systems.

3

Standards and guidelines for quality assurance in the European Higher Education Area (ESG) , available
at https://enqa.eu/index.php/home/esg/
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Methodology
The development of the new EQF definitions for Footwear Designers and Product
Managers in terms of accurate definition of knowledge and skills to be able to “design
for comfort” and for “sustainability” by adopting comfort-related parameters and
sustainability analysis during the product life-cycle, requires a deep acknowledge of
the existing qualifications for both professionals already in place and the
improvements asked by the real-life context.
Based on the outcomes of the two previous preparatory Work Packages (WP2Analysis of footwear comfort and sustainability & WP3- Analysis of current
qualifications), WP4 focuses on the definition of the curricula by the SCILED
consortium in consultation with SMEs’ expertise and all relevant stakeholders. The
developed EQF definitions were supported by the educational material that covers all
the required theoretical and applied skills in both occupations.
The projected new needs of those both identified and mentioned professionals were
validated by the industry and other stakeholders from five SciLED partner countries in
a real evidence-based survey involving 105 footwear companies, as well as five focus
group sessions with experts engaged in design and product development activities
from other 30 companies.
An extensive exercise of interpreting the actual situation against a real one was put in
place. The SciLED consortium analysed the results of WP3.1-Review of skills and
competences of footwear designers and product managers and WP3.3-Determination
of required qualifications for addressing comfort and sustainability in relation to the
following questions:




4

What do both professionals really do in companies at the moment, in
comparison to the definitions accurately described by European Skills
Competence and Occupations (ESCO)4 ?
What should both professionals do in companies in order to be able to design,
conceive, develop and prototype footwear within a fashion, sustainable and
comfort framework?

ESCO- European Skills Competence and Occupations , https://ec.europa.eu/esco/portal/home
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Defining EQF standards for a new qualification means to bridge the key-activities of a
certain job or professional profile to a training curriculum that enables the targetgroup to perform those key-activities. EQF standards are described according to
training units, subunits and topics, and in correspondence to Learning Outcomes,
which in turn include Knowledge and Skills.

Learning Outcomes - what is essential that students know or be able to do after the program/course.
Knowledge - set of facts, principles, theories and practices that is related to a field of work or study. It is
described as theoretical and/or factual knowledge.
Skills - the ability to apply knowledge and use know-how to complete tasks and solve problems. They are
described as cognitive (logical, intuitive and creative thinking) or practical (involving manual dexterity and
the use of methods, materials, tools and instruments).
European Credit Transfer and Accumulation System (ECTS) – It makes studies and courses more
transparent and helps to enhance quality of higher education.

1.

Sources:
Descriptors defining levels in the European Qualifications Framework (EQF), https://ec.europa.eu/ploteus/ro/node/1440
2. Introduction to the ECTS Users' Guide, https://ec.europa.eu/assets/eac/education/ects/users-guide/index_en.htm

The Learning Outcomes may, in turn, be linked to ECTS. The ECTS is used for the
mobility of students among universities, whether they study abroad or in a different
university in the same country. Thus, ECTS help students to move between countries
and to have their academic qualifications and study periods abroad recognised. Also,
accumulation of ECTS credit points help students to apply for further studies (ie.
Master or PhD programmes)
The link between EQF levels for tertiary education and ECTS is:


Bachelor’s or undergraduate degrees (EQF level 6) range from 180 ECTS, which
corresponds to a 3 years’ full-time programme, to 240 ECTS in case of 4 years’
full-time study programme.



Master’s degrees (EQF level 7) range from 60 ECTS for 1 year full-time to 120
ECTS for a two years full-time programme.



PhD programmes (EQF level 8) could have various modules, theoretical courses
or research activities, with certain number of ECTS according to their flexiblelength workload.
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It should be noted that the consortium had previously prepared a curriculum concept
grid that included the following sections:
 Key activities/responsibilities and correspondent Intensity level of the key
responsibility in real working situations. These entries have been validated
through a field research in five focus groups organised by SciLED consortium in
Italy, Spain, Portugal, Romania and Greece.
 Field of knowledge related to the activity / key responsibility.
 Structure of the Units and Sub-units/Lectures.
 Learning Outcomes described as Knowledge and Skills
The concept grid for curriculum development used in SCILED project is the following:
Activities/Key
responsibilities

Intensity level/presence
of the key responsibility
for
Footwear
PRODUCT
MANAGER

Footwear
DESIGNER

Field of
Knowledge
related to the
activity/key
responsibility

Training content
Structure of
Units/Subunits

Learning Outcomes
Knowledge

Skills

The SCILED consortium addressed the following six-steps methodology in the
curriculum design:
STEP 1: Anchor the new curriculum to new key-activities projected to each
professional
The consortium used the results of deliverable WP3.3- Determination of required
qualifications for addressing comfort and sustainability, where the industry assessed
and classified, by adequacy and importance, a set of projected new key-activities for
both professionals through several focus groups implemented in the five countries
involved.
In order to drastically improve the footwear products regarding fashion, sustainability
and comfort, a Footwear Designer or Product Manager should be able to perform keyactivities as described below, from R1 to R10, which have various levels of importance,
from 1.4 (not relevant) to 3.0 (absolutely relevant), as presented in the graphic below.
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Legend:
0-1.5: Not relevant;
1.5-2.5: Relevant;
2.5-2.8: Very relevant;
2.8-3.0: Absolutely relevant

R1 - Understand the consumer’s requirements for comfort and sustainability - Work with the marketing team
to understand, in relation with footwear comfort and sustainability requirements, the target consumer, the
distribution channels, and the competitive brands and products.
R2 - Select materials based on comfort and sustainability criteria - Identify and select materials and
components that meet the criteria for comfort and sustainability of various footwear categories based on the
material performance data.
R3 - Monitor the compliance with sustainability requirements - Understand and apply the principles of ethical
sourcing and social responsibilities and monitor the compliance of the new designed products with
sustainability requirements.
R4 - Analyse, create and/or organise 2D/3D footwear models - Analyse, create and/or organise the
constructions of 2D/3D footwear models and patterns to be used for the technical development of the
product.
R5 - Elaborate outstanding functional footwear designs - Elaborate outstanding functional footwear designs
and apply the suitable pattern making techniques and tool solutions by ensuring that each footwear product is
engineered to meet the consumer’s expectations on comfort, performance and quality standards.
R6 - Develop design specifications and tech pack - Develop design specifications and provide all technical
information in order to deliver a sustainable, comfortable and fashionable product to market.
R7 - Coordinate the Product Lifecycle Management (PLM) process - Coordinate the entire process of Product
Lifecycle Management (PLM) in order to increase the performance of the company.
R8 - Interconnect the footwear product engineering systems - Responsible for interconnecting all the
engineering systems that the company operates with, from collecting the customer requirements to be
transformed into design specification for Product and Portfolio Management (PPM), to Manufacturing Process
Management (MPM) and Product Data Management (PDM).
R9 - Set the footwear product strategy towards sustainability and comfort - Set the product strategy of the
company and provide the necessary expertise by analysing the market and competitive situation. He/she is
responsible for laying out a product vision that delivers high added value based on the customer demands for
comfort and sustainability.
R10 - Manage footwear innovation process - Plan, coordinate and monitor the creative process of generating,
developing, and testing new footwear in order to achieve key objectives of the company regarding the product
line and business strategy.

@SciLED- Deliverable WP3.3- Determination of required qualifications for addressing comfort and
sustainability

:
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Generally speaking, all the key-activities were considered important by the experts
participating in Focus Groups, although with slight differences regarding the level of
intensity in each of the two analysed professionals. In addition to the original keyactivities projected, the Focus Groups proposed other four new key-activities
automatically validated and classified as very important for both professionals: Ecodesign, Footwear manufacturing technical aspects, Research Development and
Innovation projects and Sourcing & Procurement.
STEP 2: Definition of determinate skills for enabling key-activities performance
The consortium identified and described the needed knowledge and skills for the set of
new key-activities already validated by the Focus Groups. The skills definition was
drafted in line to the 3 pillars of the future curriculum with the proposed
improvements in the 2 new professionals: Footwear Designer and Footwear Product
Manager.
STEP 3: Definition of field of knowledge related to the new skills for the new keyactivities
The consortium identified the needed field of knowledge to support the development
of the above identifies skills.
STEP 4: Draft the first edition of the curriculum in English. The consortium decided to
elaborate a joint and flexible curriculum, able to overcome both professional gaps,
according to their specific needs for training and career development.
The desk research and literature review performed in WP2- Analysis of footwear
comfort and sustainability conducted to an extensive collection of scientific contents
to be transformed into training material. It is expected to include main concepts,
models and key facts that represent relevant knowledge for the footwear sector in the
three areas: Performance & Comfort, Sustainability and Design Engineering. The
training content has a scientific approach given the fact that trainees may not have a
background in engineering or physical sciences. Additional link to engineering science
is available to Higher Education graduates with appropriate academic background.
STEP 5: Present and test the first version of the curriculum to the stakeholders’
community composed by the industry, training/education entities, research centres
and social partners. The first version of the curriculum was presented in appropriate
international workshop in MICAM Milano trade fair on 18th February 2020, and the
feed-back was used towards improving and deriving the second version. Previously,
the business partners of the SciLED consortium had deeply analysed and validated the
first version of the curriculum.
STEP 6: Draft a consolidated version of the curriculum, incorporating the feedback
from the stakeholders. After reaching the final version which is presented below, the
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curriculum is translated in five languages and integrated in proposals for accreditation
in national entities of the five countries previously mentioned and involved in the
project.
A proposal for integrating the SciLED curriculum in each partner country will be
released, after the completion of the piloting phase and the feedback on the EQFs and
the educational material. This document will explain the new EQFs and their
importance for the development of footwear sector both at National and European
level. The SciLED curriculum and related educational package will be also referred in
the Partners Agreement that will allow the follow-up after the project lifetime.
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New key-activities for Footwear Designer
and Footwear Product Manager

The table below lists the new key-activities of both professionals and their relevance
for the two professionals. Also, it makes the correspondence for the fields of
knowledge to be taken into account in the definition of the curriculum.
Activities / key responsibilities

Relevance of the key Field of KNOWLEDGE
responsibility on a
related to the key
scale from 1 to 3 for activities
the occupational
profile of
Footwear Footwear
PRODUCT DESIGNER
MANAGER

Understand the consumer’s
requirements for comfort and
sustainability
Select materials based on
comfort and sustainability
criteria
Monitor the compliance with
sustainability requirements
Analyse, create and/or organise
2D/3D footwear models

3
(●●●●)

2.4
(●●)

2.6
(●●●)

2.4
(●●)

2.8
(●●●●)
2.2
(●●)

2.4
(●●)
2.6
(●●●)

Elaborate outstanding functional
footwear designs
Develop design specifications
and tech pack
Coordinate the Product Lifecycle
Management (PLM) process

2.6
(●●●)
2.8
(●●●●)
3
(●●●●)

2.4
(●●)
2.8
(●●●●)
1.4
(●)

Interconnect the footwear
product engineering systems

2.8
(●●●)

1.4
(●)

Footwear consumer’s
requirements for comfort
and sustainability
Footwear materials for
comfort and sustainability
Footwear sustainable
design
Footwear 3D modelling.
Prototyping. 2D Pattern
Engineering
Functional footwear
design

Footwear Product
Lifecycle Management
(PLM)
Footwear product
engineering systems
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Set the footwear product
strategy towards sustainability
and comfort
Eco-design and the concept of
Circular Economy (separation of
components after the life cycle,
recycling, etc.)
Footwear manufacturing
technical aspects

3
(●●●●)

2
(●●)

3
(●●●●)

2.4
(●● )

2.8
(●●●●)

2.8
(●●●●)

Responsibilities in R&D&I
projects
Sourcing / procurement

2.5
(●●●)
3
(●●●●)

2.5
(●●●)
2.5
(●●●)

Score

Footwear product
strategy towards
sustainability and comfort
Manage footwear
innovation process
Eco-design and circular
economy in footwear
industry
Responsibilities in R&D&I
projects
RDI in footwear industry to be included in Manage
footwear innovation
process unit

Graphic representation

0-1.5

● Not relevant

1.5- 2.5

●● Relevant

2.5- 2.8

●●● Very relevant

2.8- 3.0

●●●● Absolutely relevant
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Joint Curriculum for Footwear Designer and
Footwear Product Manager

SCILED partnership decided to elaborate a joint flexible three-modules curriculum
encompassing the three pillars of knowledge which all together enable the Footwear
Designer and the Footwear Product Manager to acquire knowledge and skills on
footwear performance and comfort requirements, sustainability and design
engineering.

• FOOTWEAR
PERFORMANCE
AND COMFORT
REQUIREMENTS

Module 1

• FOOTWEAR
SUSTAINABILITY

• FOOTWEAR
DESIGN
ENGINEERING

Module 2

Module 3

Duration and ECTS
Three SciLED modules have been identified and their overall structure was outlined in
Units and Sub-units/Lectures. 5 ECTS credit points have been allocated to each
module, corresponding to specific Learning Outcomes, described into Knowledge and
Skills, in articulation with quality principles for Higher Education area, seeking the
transferability and recognition at European level. The completion of the entire course
will grant 15 ECTS.
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One ECTS credit point can equal on average between 25 and 30 study-hours. It may
therefore include different numbers of study hours distributed in lectures, self-study,
project work and assessments. The number of hours per module, and also the
distribution of the study hours per categories, vary according to national regulations.
Therefore, the SciLED training programme is customised for each partner university
according to their institutional national frameworks.
Greece

1 ECTS = 26 study hours

Italy

1 ECTS = 25 study hours. 20 minutes of a remote lecture = 1 hour of F2F
lecture.
A 5 ECTS course corresponds to 125 hours, distributed in: 30 hours for
lectures; 15 hours for exercises, workshop, use cases; 60 hours for self- study;
20 hours for assessment and assignments.

Portugal

In PT the European guidelines is addressed in a quite flexible way - universities
and actually the professors decide the amount of work required depending on
the structure of the discipline.
Theoretically, 1 ECTS=22-25 hours of student work (including lectures, labs,
assignments, group work, exams, self-study, autonomous work, etc.). Most of
time, the actual weight of 1 ECTS is lower and it would be closer to 20 hours of
work.

Romania

1 ECTS= 25 study hours. Self-study represents 50% from the entire student’s
workload for a course. The typical distribution between lectures and practical
activities (project work, laboratory activities) is 1:1.

Spain

1 ECTS=25 study hours, and 1 ECTS=10 hours of lectures (including theory and
practice).
The division of student’s study time is: directed tasks (classroom hours or
formal teaching hours) 40%; shared tasks 20-30%; autonomous tasks 30-40%.
For a 5 ECTS course, the distribution is: Lectures 50 hours / Self-study 15 hours
/ Project work 45 hours / Assessment (preparation and examination) 15 hours.

The table below presents an accurate description of the joint curriculum for Footwear
Designer and Footwear Product Manager, structured into the three modules and
detailed into Units that correspond to Learning Outcomes.
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MODULE 1 - FOOTWEAR PERFORMANCE AND COMFORT REQUIREMENTS
Sub-Units

Detailed fields of Knowledge (Topics)

UNITS
Unit 1. What is
comfort in
footwear?

Unit 2.
Mechanical
comfort and
footwear
performance

1.1. The concept of comfort
1.2. Consumer’s
requirements for comfort

2.1. Human foot and gait
cycle

2.2. Facility of walking,
balance and stability



















2.3. Plantar pressure
distribution and ground
reaction forces






Definitions and concepts
Evaluation methods (Subjective / Objective)
Market segmentation based on consumers’ needs for comfort
Fashion trends vs. comfort
Transforming the consumer’s needs related to comfort into design
specifications
How to communicate comfort to the targeted consumers?
Foot anatomy - Bones. Joints. Arches. Muscles. Ligaments and tendons.
Foot movements
Foot troubles. Variation in feet.
Gait biomechanics
Static conditions
Phases of normal walking
Gait parameters
Kinetic parameters: Force. Pressure. Centre of gravity and centre of mass
Definition. Concepts and theory
Role of footwear (structure, materials and components) in balance and stability
during walking
Comfort requirements addressing facility of walking, balance and stability
(Recommended values for parameters)
Innovative solutions to support walking, balance and stability
Definition. Concepts and theory
Role of footwear (structure, materials and components) in plantar pressure
distribution
Comfort requirements addressing plantar pressure distribution (Recommended
values for parameters)

Skills - At the end of the
course , the student is
able to:
 Understand the
consumer’s requirements
for comfort.
 Set the footwear product
strategy toward comfort.
 Select footwear materials
and components based on
their characteristics to
assure the mechanical
comfort and performance,
fitting and dimensional
comfort, and hydrothermal
comfort.
 Interpret testing standards
for evaluating comfort and
performance.
 Elaborate outstanding
functional footwear
designs by incorporating
the engineering solutions
to ensure mechanical
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2.4. Cushioning and shock
absorption



Innovative solutions to support pressure distributions




Definition. Concepts and theory
Role of footwear structure, materials and components in cushioning and shock
absorption
Comfort requirements addressing cushioning and shock absorption
(Recommended values for parameters)
Innovative solutions on cushioning and shock absorption
Definition. Concept and theory
Role of footwear (structure, materials and components) in bending and
torsional characteristics
Comfort requirements addressing bending and torsion (Recommended values
for parameters)
Innovative solutions to support bending and torsional characteristics
Definition. Concept and theory
Role of footwear (structure, materials and components) in slip resistance
Comfort requirements addressing slip resistance (Recommended values for
parameters)
Innovative solutions to support slip resistance
Definition. Concept and theory
Role of footwear (structure, materials and components) in softness, flexibility
and lightweight
Comfort requirements addressing softness, flexibility and lightweight
(Recommended values for parameters)
Innovative solutions to support softness, flexibility and lightweight
How to define the anatomical points of the foot?
Foot anthropometric parameters: lengths, widths, heights, perimeters
3D scanning and foot measurements
How the foot changes its shape and dimensions in dynamics?
How the foot parameters are transformed into constructive parameters of the
last?



2.5. Bending and torsional
characteristics of the sole






2.6. Slip resistance

2.7. Softness, flexibility and
lightweight










Unit 3. Fitting
and dimensional
comfort

3.1. Static and dynamic foot
measurements
3.2. Relation between foot,
last and footwear








comfort, fitting and
dimensional comfort and
hydrothermal comfort.
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Unit 4.
Introduction to
hydrothermal
comfort

4.1. Thermal comfort

4.2. Water resistance,
absorption and vapour
permeability/breathability














Unit 5. Testing
standards and
equipment for
evaluating
comfort and
performance

Unit 6. Design for
comfort and
footwear
performance

5.1. Testing standards and
equipment for evaluating
performance aspects
5.2. Testing standards and
equipment for evaluating
comfort aspects
5.3. Design for footwear
performance
Project work:
Elaborate a footwear design
concept to sustain
performance and improved
comfort














Mass production vs. customised lasts
Sizing systems
How to obtain a last from a digitised foot?
Definition.
What is thermal insulation?
Role of footwear (structure, materials and components) in thermal insulation
Comfort requirements addressing thermal comfort (Recommended values for
parameters)
Innovative solutions to support thermal comfort
Definition. Concept and theory
Role of footwear in water resistance, absorption, vapour permeability/
breathability
Comfort requirements addressing water resistance and absorption vapour,
permeability/ breathability Recommended values for parameters)
Innovative solutions to support water resistance/absorption and vapour
permeability/breathability
Essential assessment for materials, components and footwear
Slip resistance
Water resistance
Microbiological and odour assessment
Thermal comfort and breathability
Thermal insulation
Softness & Lightness
Biomechanical comfort
Sources of product specifications and testing standards
Identify the targeted consumer’s requirements for comfort
Transform the consumer’s needs related to comfort into design specifications
Elaborate a footwear design concept to sustain performance and improved
comfort
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MODULE 2 - FOOTWEAR SUSTAINABILITY
UNITS

Unit 1. Modern
concepts on
footwear
sustainability

Unit 2. Framework

Sub-Units

Detailed fields of knowledge (Topics)

1.1 Introduction to sustainability





The concept of sustainability
The three pillars of sustainability
Principles of ethical sourcing and social responsibility

1.2. Consumer’s requirements and
understanding for sustainability
issues






Market segmentation based on consumers’ needs for sustainability
Fashion trends vs. sustainability
Transforming the consumer’s requirements related to sustainability
into design specifications
How to communicate sustainability to the targeted consumers?

1.3. Legal requirements and
product standards on consumer
safety and environment protection








Eco-design
Energy efficiency
Green labels (Ecolabel)
Green Public Procurement (GPP)
Extended Producer Responsibility (EPR)
Circular economy and priority product categories

1.4. Requirements from nonlegislative binding initiatives





Charter of the social partners in the footwear sector
Centre for the Promotion of Imports (CBI) for exporting footwear to
Europe
Corporate Restricted Substances Lists and Codes of Practice



Importance of the environmental impact of footwear and footwear

2.1. Methodologies and tools to

Skills- At the end of the
course , the student is
able to:
 Understand the
consumer’s requirements
for sustainability, the legal
requirements, as well as
non- legislative initiatives,
and product standards on
consumer safety and
environment protection.
 Set the footwear product
strategy towards
sustainability.
 Select footwear materials
and components based on
sustainability criteria being
able to use testing
standards and equipment.
 Apply design for
manufacturing concept,
being able to select
sustainable technologies,
including the emerging
ones, in the design stage.
 Monitor the compliance
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for sustainability
evaluation and
assessment in
footwear

evaluate environmental impact and
assess sustainability in footwear
companies




2.2. Computer aided tools for
assessing sustainability

2.3.
Online tools developed by
Sustainable Apparel Coalition (SAC)

Unit 3. Materials
and technologies
for sustainable
footwear

3.1. Footwear materials, properties
and environmental impact

materials
Methodologies to assess sustainability in footwear companies:
o Supply Chain Management (SCM)
 Green Supply Chain Management (GSCM)
 Sustainable Supply Chain Management (SSCM)
o Life Cycle Assessment (LCA)
o Environmental Impact Assessment (EIA)
o System of Economic Environmental Accounting (SEEA)
o Environmental Product Declaration (EPD)
o Others
Environmental impact studies on footwear





Introduction
SimaPro
Sustainable Value Calculator
Carbonindependent
Cutplan
ShoeBAT
CO2SHOE
Others
Sustainable Apparel Coalition (SAC)
Higg Index Product Tools
o Higg Materials Sustainability Index (MSI)
o MSI Contributor
Higg Design & Development Module (DDM)
Higg Facility Tools
Higg Brand & Retail Module (Higg BRM)






Materials for uppers
Materials for bottom components
Ancillaries
Criteria for selecting sustainable materials in design stage












with sustainability
requirements being able to
use methodologies and
computer aided tools to
evaluate environmental
impact and assess
sustainability in footwear
companies.
 Coordinate the Product
Lifecycle Management
process, being able to
interconnect the product
engineering systems.
 Manage the footwear
innovation being able to
assess and select
sustainable materials and
to create innovative
footwear concept to
support sustainability.
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manufacturing

Unit 4. Product
Lifecycle
Management
approach for
sustainability

3.2. Chemical risks of footwear
materials






REACH regulation
CADS – List of restricted substances in footwear
Footwear critical substances
Allergens in footwear - Use, materials and testing methods

3.3. Testing standards and
equipment for evaluating
sustainability aspects





Introduction of some relevant chemicals restricted in footwear
Chemicals analysis
Actual limits and how to analyse test results

3.4. Innovative footwear materials
for sustainability







Sustainable alternatives to traditional footwear materials
Smart and multifunctional materials
Nanomaterials
Biodegradable footwear materials and components
Others?

3.5. Design for sustainable
manufacturing




Overview on sustainable footwear manufacturing technologies for:
cutting, pre-stitching, stitching, lasting, assembling/soling, finishing
Criteria for selecting sustainable technologies in design stage

3.6. Emerging Technologies for
sustainable footwear
manufacturing









Internet of Things (IoT) and Industry 4.0
Virtual Prototyping, Additive Manufacturing, and 3D Printing
3D foot scanning and Artificial Intelligence
Nanotechnology
Smart footwear, including sensors and biosensors
Smart manufacturing and customised footwear
Others?

4.1. Reference models for footwear
product lifecycle phases




Green Product Lifecycle Framework
Product engineering systems:
o Product and Portfolio Management (PPM)
o Manufacturing Process Management (MPM)
Product Data Management (PDM)
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4.2. Footwear product
development strategies to support
sustainability










Unit 5. Footwear
design for
sustainability

4.3. Post-Consumer Waste
Management





Project work:
Assess and select sustainable
materials





Eco-design vs circular product design
Green design, sustainable product design, design for environment,
cradle to cradle design
Physical and emotional durability
Durability and extended use, maintenance and upgrading
Functional optimisation: multiple functions, product modularity
Use of renewable materials, recycled and recyclable materials
Waste minimisation / zero waste
Energy efficiency of the manufacturing processes
Cleaner production – use of materials, energy and water, emissions and
wastes
End-of-life shoe waste
Designing for repurposing, repair, reconditioning, and remanufacturing
Post-consumer services offered by footwear brands
Select a shoe model and analyse its structure, materials and
components using a computer aided tool for assessing sustainability
(presented in lecture 2.2 or 2.3)
Re-design the model by selecting materials with a lower environmental
impact
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3 - FOOTWEAR DESIGN ENGINEERING
UNITS

Unit 1.
CAD/CAM/CAE
systems for
supporting
integrated
footwear design

Sub-Units

Detailed fields of Knowledge (Topics)

1.1. IT aids to footwear design
engineering




General observations
Key computational tools and software for footwear development

1.2. Computer-aided tools for
material selection in the
footwear industry





Introduction
Material databases
Material selection software

1.3. Overview on CAD/CAM/CAE
systems for the footwear
industry




2.1 Introduction to materials
engineering





Current computer aided modelling practices in footwear industry
CAD systems and software: Photoshop, Illustrator, In Design, Wacom CintiQ,
Adidas TAPE, PowerShape, Rhinoceros, Cinema 4D, SolidWorks, Geomagic
Design X, MeshLab, MeshMixer, Easylast 3D, Visi, Catia, Shoemaster,
Pragma, Naxos, Lectra suite, KeyShot, V-Ray, PowerMill, Cura, Slic3r, Icad
Suite, MindCad
Computational tools to determine footwear performance (simulations):
MotionBuilder, Maya, Podium, Adams, Explicit Dynamics STR, ABAQUS
Basic material properties.
Engineering methodologies and tools.
Forces/displacements, Stresses/Strain.

2.2 Introduction to FEA



Basics of FEA. 3D FEA model, material properties, boundary conditions.

3.1. Introducing Finite Element
Analysis (FEA) in footwear design
engineering





Engineering approaches to meet performance requirements
Digital 3D foot bio-models
Applications of FEA to footwear


Unit 2.
Introduction to
materials
engineering

Unit 3.
Engineering
footwear for
mechanical and

Skills – At the end of
the course , the
student is able to:
 Use computer aided
tools to select materials
based on comfort and
sustainability criteria.
 Elaborate outstanding
functional designs by
using computer aided
tools to engineer
footwear for mechanical
and thermal comfort,
being able to optimise the
footwear design by
managing plantar
pressure distribution,
shock absorption,
bending and torsional
characteristics, and
fitting.
 Analyse, create and/or
organise 2D/3D footwear
models and develop
design specification to
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thermal comfort

3.2. Managing plantar pressure
maxima and distribution

3.3. Managing shock absorption
characteristics






Introduction
FEA models for footwear (sole, midsole, insole)
Foot – footwear – ground mechanical system
Simulations and visualization of plantar pressure





Introduction
Factors affecting mechanical interactions between foot, sole and ground
Evaluating shock absorption and cushioning by FEA

3.4. Managing bending and
torsional characteristics of the
sole structure






Introduction
Factors affecting bending and torsional characteristics of the sole
Simulating bending and torsion of sole structures by FEA
Optimising the bending and torsional characteristics for sole structures

3.5. Managing fitting aspects







Introduction
Key dimensions of the human foot
Fitting criteria for selecting the lasts
Interaction between foot and footwear upper components
CAD/CAE tools for fitting assessment

reflect optimised comfort
characteristics.
 Integrate comfort,
sustainability and design
engineering
methodologies and tools
into the footwear product
lifecycle.
 Manage footwear
innovation by applying 3D
CAD, Virtual & Rapid
Prototyping.
 Manage footwear
innovation by creating
innovative and
fashionable footwear
concepts to drastically
improve the comfort and
sustainability.
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3.6. Managing thermal comfort






Introduction
Predicting thermal comfort in virtual prototyping stage
Footwear thermal assessment by thermoregulatory models
Footwear thermal modelling

Unit 4. Footwear
functional
modelling

Project work:

Optimise the footwear
comfort in design stage
using OPT-Shoes tool



Use of online tools for determining and optimising the following footwearrelated functionalities:
o fitting,
o shock absorption,
o foot plant pressure distribution,
o bending/torsion.

Unit 5 Footwear
3D/2D CAD.
Virtual & Rapid
prototyping.

Project work:

Create 3D CAD footwear
models and virtual
prototypes

Create and modify 2D CAD
patterns

3D printing





Create 3D CAD footwear models and virtual prototypes
Create and modify 2D CAD patterns
3D printing

Fashionable
footwear
drastically
improved to
comfort and
sustainability

Project work:

Create an innovative and
fashionable footwear
concept to drastically
improve the comfort and
sustainability

OBS: To use the training materials developed in previous projects (INGA 3D,
Fit2Comfort, Skills 4Smart TCLF )






Select one or more comfort characteristics (presented in Module 1)
Select one or more strategies for sustainable product development
(presented in Module 2-lecture 4.2)
Create a new footwear design concept to drastically sustain the improved
comfort and sustainability
Develop the new concept into several models and evaluate their
performance, comfort and sustainability
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Common transversal skills
 To have computer skills, and have the analytical capacity for information (texts,
news, databases, courses, etc.), as well as ability to interpret reports and to be
efficient.
 To have responsibility for the completion of tasks;
 To adapt own behaviour to circumstances in solving problems during the
implementation of the activity.
 To be able to convey the sustainable principles regarding legal environmental
requirements to the work team.
 To be able to work in teams in different functional areas within the company,
understanding their needs and doubts, providing support on the compliance with
legal environmental requirements.
 To be able to promote an “environmentally-friendly” view towards the creative
team, promoting training on sustainability when and if needed.
 To have leadership abilities.
 To be able to implement and control the compliance with certain requirements.
 To be able to manage self-training, being innovative.
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