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Core Unit Title: Creative Engineering
Training Module Title: Introduction to Creative Engineering
[bookmark: _Toc197695242]Competence Unit
The aim of the module is to develop a comprehensive set of skills that enable engineers to have a comprehensive vision of the basic concepts of the creative engineering, allowing them to acquire the basic competences to face the subsequent modules. It encompasses a wide range of topics, spanning from fundamental principles to advanced techniques.
Creativity is often associated with the arts but creativity is needed everywhere and it plays a crucial role in engineering as well. Engineers must always find solution to real world problems. They need to think of creative ways to come up with solutions. Creativity allows engineers to deal with new problems, new applications combined with existing and traditional methods and techniques.
Creative engineering is the place where innovation meets practicality, and imagination drives progress. In this dynamic field, engineers blend their technical expertise with a dash of creativity to solve complex problems, design ground-breaking products, and shape the future of technology. It transcends traditional boundaries, encompassing diverse disciplines such as mechanical, electrical, software, and aerospace engineering, among others. It thrives on the intersection of art and science, encouraging engineers to think outside the box and push the limits of what's possible.
In summary, creativity is a vital component of engineering that fuels innovation, drives problem-solving, and enables engineers to develop novel and impactful solutions to complex challenges. By embracing creativity, engineers can unlock new possibilities, drive progress, and make a positive impact on society and the world at large.
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Core unit number 1: Defining Creativity [3h]
Defining creativity is a nuanced task, as it encompasses various aspects and can manifest differently depending on the context. However, at its core, creativity can be understood as the ability to generate novel and valuable ideas, solutions, or outcomes. 
The unit covers various problem-solving techniques and strategies relevant to creative engineering, as described in the following:
1. Novelty: Generating ideas, solutions, or outcomes that are original and new, ranging from entirely unprecedented concepts to innovative combinations of existing elements.
2. Value: Producing ideas or solutions that are meaningful, useful, or impactful in some way. The value of creative outputs can be subjective and context-dependent.
3. Problem-solving: Approaching challenges with an open mind, exploring multiple perspectives, and generating unconventional solutions.
4. Flexibility: Flexibility in thinking, willing to entertain diverse ideas and perspectives. They are not bound by conventional or rigid thinking patterns and are open to exploring alternative approaches.
5. Originality: Building upon existing ideas or concepts, it also requires a degree of originality. Creative individuals bring their unique insights, experiences, and perspectives to the creative process, resulting in outputs that reflect their individuality.
6. Expression: Creativity it encompasses artistic expression and innovation in areas such as literature, music, art, and design. Creative expression allows individuals to communicate emotions, ideas, and experiences in novel and engaging ways.
7. Process-oriented: Creativity is often viewed as a process rather than a fixed trait. It involves engaging in activities such as brainstorming, experimentation, iteration, and reflection to generate and refine creative ideas and solutions.
8. Context-dependence: The perception of creativity can vary depending on cultural, social, and disciplinary contexts. What is considered creative in one context may not be perceived as such in another. Additionally, the criteria for evaluating creativity may differ across domains.
Core unit number 2: Creativity in engineering [4h]
The creative process involves several steps. The first level include the definition of the question or the problem. The process goes further involving all ideas and concepts associated to the problem.
By following these steps described in the following and leveraging creative thinking techniques, engineers can navigate the complexities of engineering challenges and develop innovative solutions that address the needs of society, industry, and the environment.
The unit covers various problem-solving techniques and strategies relevant to creative engineering, as described in the following:
1. Identifying the Problem: The first step in the creative process is to clearly define the problem or challenge that needs to be addressed. This involves understanding the requirements, constraints, and objectives of the project, as well as gathering relevant information and data.
2. Research and Exploration: Enable the engineers capable to conduct research and explore existing solutions, technologies, and methodologies related to the problem at hand. This helps them gain insights, identify best practices, and understand the current state of the art in the field.
3. Brainstorming and Idea Generation: Brainstorming sessions are conducted to generate a wide range of ideas, concepts, and potential solutions. Engineers leverage creative thinking techniques such as free association, mind mapping, and lateral thinking to explore diverse possibilities and generate novel insights.
4. Concept Development: Once a pool of ideas has been generated, engineers evaluate and refine them to develop more concrete concepts and proposals. This may involve sketching, prototyping, or modeling to visualize and communicate ideas effectively.
5. Problem-solving: Enable the engineers to approach to problems from different angles, consider unconventional solutions, and develop innovative strategies to address them effectively.
6. Innovative Design: Engineers must devise innovative solutions that meet specific requirements while considering factors such as functionality, efficiency, safety, and cost-effectiveness. Creativity allows engineers to explore novel concepts, integrate new technologies, and push the limits of design possibilities.
7. Optimization and Efficiency: Creativity as a tool for optimizing existing processes, systems, and products. Engineers continually seek ways to improve efficiency, enhance performance, and reduce waste through creative problem-solving and innovation. This may involve redesigning components, reconfiguring processes, or implementing new technologies.
8. Refinement and Optimization: The design is refined and optimized based on the feedback obtained during prototyping and testing. Engineers iterate on the design, making adjustments, improvements, and optimizations to enhance performance, functionality, and usability.
9. Interdisciplinary Collaboration: Many engineering projects require collaboration across multiple disciplines, such as mechanical, electrical, software, and materials engineering. Creativity enables engineers to communicate effectively across disciplinary boundaries, leverage diverse expertise, and integrate different perspectives to develop holistic solutions.
10. Risk Management: Creativity is integral to managing risks in engineering projects. Engineers must anticipate potential challenges, identify vulnerabilities, and develop creative strategies to mitigate risks effectively. This may involve contingency planning, scenario analysis, and innovative approaches to ensure project success.
11. Sustainability and Environmental Responsibility: In today's world, sustainability and environmental considerations are paramount in engineering design and decision-making. Creativity enables engineers to develop eco-friendly solutions, minimize environmental impact, and promote sustainable practices through innovative design, materials selection, and energy-efficient technologies.
12. Continuous Improvement and Innovation: Creativity drives continuous improvement and innovation in engineering. Engineers are constantly seeking ways to push the boundaries of what is possible, develop new technologies, and pioneer groundbreaking solutions to address evolving needs and challenges.
13. Human-Centered Design: Creativity is essential for human-centered design, which focuses on creating products, systems, and experiences that prioritize the needs, preferences, and capabilities of end-users. Engineers leverage creative thinking to empathize with users, anticipate their requirements, and design solutions that enhance usability, accessibility, and user satisfaction.
14. Reflection and Learning: After the completion of the project, engineers will reflect on the creative process, evaluate the outcomes, and identify lessons learned. This reflection helps them gain insights, improve their skills, and apply their experiences to future projects.
Core unit number 3: Creation of a project [5h]
The concluding section of the module emphasizes collaborative team-working, designed to harness the richness of diverse professional backgrounds. By engaging in interdisciplinary cooperation, participants are encouraged to integrate their distinct areas of expertise, thereby promoting innovation, critical thinking, and a deeper understanding of complex issues within a shared learning environment.
Competencies
A – Specific Competences (related to the core unit)
	Code
	Competence Description

	A1
	Ability to define and explain the concept of creativity in the context of engineering.

	A2
	Ability to apply creative thinking techniques (e.g., brainstorming, lateral thinking) to problem-solving in engineering contexts.

	A3
	Capacity to map out and follow the stages of a creative process from problem identification to refinement.

	A4
	Ability to contribute original ideas and explore unconventional solutions in team-based tasks.

	A5
	Capacity to evaluate the value, feasibility, and sustainability of creative engineering outputs.


B – Basic Engineering Competences
	Code
	Competence Description

	B1
	Understand the role of engineers as problem-solvers and innovators in modern society.

	B2
	Identify and articulate engineering challenges from technical, societal, and environmental perspectives.

	B3
	Integrate creativity with fundamental engineering principles during ideation and design.

	B4
	Reflect critically on the creative aspects of engineering tasks and project outcomes.

	B5
	Demonstrate awareness of sustainable design, interdisciplinary collaboration, and user-centered approaches.


C – Transversal Competences
	Code
	Competence Description

	C1
	Collaborate effectively in diverse teams during open-ended and creative tasks.

	C2
	Demonstrate curiosity, flexibility, and openness to new ideas.

	C3
	Communicate creative concepts clearly using verbal, written, and visual tools.

	C4
	Take initiative and show persistence when facing complex or ambiguous problems.

	C5
	Reflect on personal growth in creative thinking and its relevance to future engineering roles.


Knowledge
By the end of this module, students will have gained an understanding of:
· The definition and key dimensions of creativity, including novelty, value, flexibility, and originality
· The role of creativity in engineering, design, innovation, and sustainable development
· Stages of the creative engineering process (problem identification, idea generation, concept development, refinement)
· Common techniques for ideation (e.g., brainstorming, lateral thinking, mind mapping)
· Contextual and cultural influences on the perception and evaluation of creativity
· The importance of human-centered design and ethical innovation
· Collaboration across disciplines as a driver of creative engineering
· Reflection as a component of the creative learning process
Skills
	Skill
	Linked Competences

	Structure and deliver effective oral presentations on technical topics
	A1, A2, A3, C1

	Define and explain creativity in relation to engineering and innovation
	A1, B1

	Apply creative thinking techniques to generate original ideas and solutions
	A2, B3, C2

	Map out and execute the stages of a basic creative process
	A3, B2, B4

	Evaluate creative outputs based on novelty, usefulness, feasibility, and sustainability
	A5, B5, C4

	Collaborate in interdisciplinary teams on open-ended creative tasks
	A4, B5, C1, C3

	Communicate ideas clearly using verbal, written, or visual formats
	A1, A3, B4, C3

	Reflect on one’s creative process and identify areas for future growth
	B4, C5
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The evaluation approach in this module reflects both creative thinking and engineering fundamentals, encouraging innovation, problem-solving, and practical application. Students are assessed through a combination of individual reflection, process documentation, and collaborative presentation.
· Total: 100%
Assessment is structured into three complementary components:
Reflective Report – 30%
Each student submits a short written reflection in which they explain:
· Their personal creative process and mindset
· What inspired their ideas and how they developed them
· How they applied engineering principles during problem-solving
· Lessons learned and personal growth in creative thinking
Assessed Competences: A1, A5, B4, C4, C5
Evaluation Tool: Reflective Report Template (from CEDE Evaluation Toolkit)
Assessment Method: Reflection rubric + self-assessment scale
Design Portfolio – 40%
Students keep a portfolio documenting the design process throughout the module. It includes:
· Problem framing and early exploration
· Brainstorming results, sketches, concept maps
· Iterative improvements and decision points
· Evidence of applying creative techniques and engineering logic
Assessed Competences: A2, A3, B2, B3, B5, C2
Evaluation Tool: Design Portfolio Structure & Rubric
Assessment Method: Portfolio review + creativity criteria checklist
Team Presentation or Demo – 30%
Teams present their final solution or concept to peers and/or instructors. The presentation should include:
· Definition of the initial challenge
· Rationale behind the proposed solution
· Evidence of technical feasibility and creativity
· Visuals or functional elements (e.g., sketches, mock-ups, demos)
Assessed Competences: A4, B1, B5, C1, C3
Evaluation Tool: Team Presentation Rubric + Peer Feedback Form
Assessment Method: Instructor and peer scoring with feedback integration
Notes on Evaluation:
· All tools used are part of the CEDE Evaluation Toolkit and should be applied consistently across groups.
· Educators are encouraged to provide formative feedback during the design process (mid-course check-ins).
· Peer and self-assessment help strengthen student awareness of team dynamics and personal progress.
· All deliverables can be submitted in physical or digital form, depending on the delivery format.
[bookmark: _Toc197695245]Pedagogical Methods
The teaching methods used in this module are rooted in constructivist and experiential learning, aiming to foster curiosity, creativity, and interdisciplinary collaboration among engineering students. The activities are designed to stimulate active engagement, critical thinking, and reflection from the first stages of idea generation to project delivery.
Interactive Input and Concept Exploration
Short lectures or guided discussions introduce key concepts such as creativity, design thinking, and innovation. These are supported by:
· Case examples from creative engineering practice
· Open questioning and idea mapping
· Visual aids to stimulate imagination
Used for: conceptual clarity, engagement with real-world relevance
Brainstorming and Idea Generation Techniques
Students use structured and unstructured brainstorming sessions to generate ideas. Tools may include:
· Mind mapping
· SCAMPER
· Free association
· “What if?” questions
Used for: encouraging divergent thinking, developing novelty and flexibility
Problem-Based Learning and Open Scenarios
Students are presented with a loosely defined problem or challenge. They work in groups to define it, explore potential solutions, and present ideas in iterative cycles. This encourages exploration beyond the “single right answer”.
Used for: process-based creativity, problem reframing
Collaborative Group Work
Team-based tasks require students to co-develop ideas, share knowledge, and combine different perspectives. The facilitator supports the dynamics through:
· Team roles and negotiation exercises
· Cross-disciplinary pairing
· Group reflection checkpoints
Used for: teamwork, communication, interdisciplinary creativity
Design Thinking Activities
Although the full design thinking framework is covered in a separate module, this module introduces:
· Empathy mapping
· Rapid prototyping (paper-based or digital mockups)
· Feedback-driven iteration
Used for: user-centered orientation, creative risk-taking
Visual Thinking and Storytelling
Students are encouraged to present their ideas through visuals, sketches, and storytelling elements. This includes:
· Visual metaphors
· Engineering "elevator pitches"
· Analogy-based explanations
Used for: enhancing communication, bridging abstract and concrete thinking
Reflective Practice
Throughout the module, students engage in reflective tasks:
· Learning journals
· Self-evaluation checklists
· Reflection after brainstorming or teamwork
Used for: metacognition, ownership of learning
Use of Digital Tools (optional/hybrid delivery)
If delivered in a hybrid or digital format, instructors can apply:
· Miro/Padlet for visual collaboration
· Mentimeter/Slido for interactive polls
· Trello/Google Docs for project tracking
· Moodle/Teams for resource sharing and communication
[bookmark: _Toc197695246]Recommended or required reading
· John E. Arnold (2016): CREATIVE ENGINEERING Promoting Innovation by Thinking Differently
· Engel. (2018). Practical creativity and innovation in systems engineering. Wiley.
· Cross (2008): Engineering Design Methods: Strategies for Product Design. Wiley.
· Kuimova, M.V., Burleigh, D.D., Rodionov, D.A. (2017). Creativity in engineering education. Ponte Academic Journal, 73 (2).
· IDEO, Kelley, Littman (2001): The Art of Innovation. Crown Business
· Dorst (2015):  Frame Innovation: Create New Thinking by Design. MIT Press. 
[bookmark: _Toc197695247]Detailed content for the course
Language of the course:
Names of the lectures:
Teaching hours: 30 hours 
Mode of delivery: distance, online
Notes:
1. Core unit number 1: Defining Creativity [3h]
· Generating ideas
· Problem-solving
· Flexibility
· Originality 
· Expression
· Process-oriented
· Context-dependence
2. Core unit number 2: Creativity in engineering [4h]
· Identifying the Problem
· Research and Exploration
· Brainstorming and Idea Generation
· Concept Development
· Problem-solving
· Innovative Design
· Optimization and Efficiency
· Refinement and Optimization
· Interdisciplinary Collaboration
· Risk Management
· Sustainability and Environmental Responsibility
· Continuous Improvement and Innovation
· Human-Centered Design
· Reflection and Learning
3. Core unit number 3: Creation of a project [5h]
The last part of the module involves Team-working in order to bring diversity of background and expertise together. 
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