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SYSTEMS DESIGN AND PROTOTYPING
Engineering Design

Introduction
The Engineering Design Process is a proven systematic method for solving real-life 
problems and creating innovative solutions to real-world challenges. It provides 
a structured framework for engineers to follow when developing new products, 
systems, or technologies. It helps to prevent errors, reduce costs, and save time by 
avoiding unnecessary trial and error.  Using engineering design process to solve 
real-world problems and improve existing systems is at the core of technological 
advancement. Documenting solution requirements is a crucial step in the problem-
solving lifecycle. It helps ensure that all stakeholders clearly understand what the 
solution needs to accomplish. Engineers in applying the Engineering Design Process 
begin by clearly defining the problem they wish to solve.  The manufacturing process, 
which lends itself to the Engineering Design Process, is the backbone of industries 
such as automotive, electronics, aerospace, healthcare, and consumer goods. 

At the end of this section, you will be able to: 

•	 State the various elements within the engineering design process
•	 List and document solution requirements for a given problem
•	 Outline relevant research questions for a given problem.
•	 Formulate research objectives for a given problem.
•	 Describe the fundamental principles behind 3D printing, casting, PCB production, and 

laser cutters and the specific use cases and applications

Key Ideas

•	 Engineering design process is the systematical way of solving problems and creating 
innovative solutions to real-world challenges leading to a successful outcome.

•	 Research tries to find answers to unknown questions or create a technique for designing 
and innovating a new solution or product.

•	 Manufacturing processes such as 3D printing, casting, PCB production, and laser 
cutters are essential for transforming raw materials into finished products.
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ENGINEERING DESIGN PROCESS 
The engineering design process systematically solves problems and creates innovative 
solutions to real-world challenges. It provides a structured framework for engineers 
to follow when developing new products, systems, or technologies. The engineering 
design process is vital because it ensures that the engineer’s approach to problem-
solving is logical and efficient, leading to successful outcomes. It helps to prevent 
errors, reduces costs, and saves time by avoiding unnecessary trial and error.

Whether it is designing a more fuel-efficient engine, improving medical devices, or 
creating sustainable infrastructure, engineering plays a crucial role in driving progress 
and innovation.	

Elements within the Engineering Design Process 
The Engineering Design process consists of 11 key steps: 

1.	 Problem identification
2.	 Research and information gathering
3.	 Ideas generation
4.	 Evaluation and selection of solutions
5.	 Development of design
6.	 Building and testing prototypes
7.	 Analysing and interpreting results
8.	 Communication and presentation
9.	 Reflection and iteration
10.	Ethical consideration
11.	Collaboration and teamwork

The following pages provide descriptions of each of the steps in the engineering design 
process.

1.	 Identify the Problem: This is the first and crucial step in the engineering design 
process. It involves understanding the issue or need that the design aims to address. 
This phase sets the foundation for all subsequent stages of the design process, as it 
defines what the design should achieve and guides the development of solutions. 
This involves;

a.	 Research Background Information: Gather data about the existing condi-
tions, industry standards, and any related issues.

b.	 Analyse Current Solutions: Review existing products or systems to understand 
their limitations and shortcomings.

c.	 Identify Stakeholders: Determine who is affected by the problem and who 
will use or benefit from the solution.

d.	 Create a Problem Statement: Develop a concise statement that summarises 
the issue. It should be specific, measurable, and focused on the core problem.
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e.	 Establish Objectives: Define what the solution needs to achieve. Objectives 
should address the problem’s key aspects and provide clear goals for the design.

f.	 Gather Requirements: Identify functional and non-functional requirements 
for the solution. Functional requirements define what the solution must 
do, while non-functional requirements cover aspects like performance and 
reliability.

g.	 Identify Constraints: Determine limitations that could impact the design, 
such as budget, time, technology, and regulatory constraints.

2.	 Research and Gather Information: This is a critical step in the engineering 
design process that involves collecting and analysing relevant data to inform 
and guide the design efforts. This phase helps ensure that the design is based on 
accurate and comprehensive knowledge, which is essential for developing effective 
and innovative solutions. It involves;

a.	 Literature Review: Review academic papers, industry reports, and other 
publications related to the problem or design domain.

b.	 Market Analysis: Analyse existing products and solutions to understand 
current trends, competitor offerings, and gaps in the market.

c.	 Technology Exploration: Research emerging technologies and materials that 
could be relevant to the design.

d.	 Interviews: Conduct interviews with stakeholders, including end-users, 
clients, and industry experts, to gather their perspectives and needs.

e.	 Surveys and Questionnaires: Distribute surveys or questionnaires to collect 
quantitative data on preferences, requirements, and pain points.

f.	 Focus Groups: Organise focus groups to facilitate discussions and gather 
qualitative insights from a diverse group of stakeholders.

g.	 Material Properties: Research properties of materials that will be used in the 
design, including strength, durability, and cost.

h.	 Engineering Standards: Review relevant engineering standards, codes, and 
regulations that apply to the design.

i.	 Performance Metrics: Collect data on performance metrics critical for the 
design, such as efficiency, reliability, and safety.

3.	 Generate Ideas: This is a critical step in the engineering design process where 
creative solutions and concepts are developed to address the identified problem. 
This phase is essential for exploring various possibilities and laying the groundwork 
for selecting the most promising solution. It involves;

a.	 Free Brainstorming: Participants should share all ideas, no matter how 
unconventional, to build a broad idea pool.

b.	 Brainwriting: Have participants write down their ideas individually and then 
share them with the group to build on others’ ideas.

c.	 Mind Mapping: Create visual maps that connect related ideas and concepts to 
explore different directions and relationships.
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d.	 SCAMPER Technique: Use the SCAMPER acronym (Substitute, Combine, 
Adapt, Modify, Put to another use, Eliminate, and Reverse) to think about the 
problem from different angles.

e.	 Analogous Thinking: Look at how similar problems are solved in different 
fields or industries and apply those solutions to the current problem.

f.	 Metaphorical Thinking: Use metaphors to think about the problem in new 
ways, drawing parallels with unrelated concepts.

g.	 Sketching: Create rough sketches or diagrams of the ideas to visualise their 
form and functionality.

h.	 Concept Prototyping: Develop simple models or mock-ups to explore the 
feasibility of the ideas.

i.	 Concept Descriptions: Write detailed descriptions of each concept, including 
how it addresses the problem and its potential advantages and drawbacks.

4.	 Evaluate and Select Solutions: This is a crucial phase in the engineering design 
process where various generated ideas or concepts are assessed to determine the 
most viable solution. This phase involves analysing the proposed solutions against 
specific criteria, selecting the best option, and justifying the choice. Here is a 
detailed explanation of how to effectively evaluate and select solutions:

a.	 Identify Criteria: Determine what factors are important for evaluating 
the solutions, such as performance, cost, feasibility, and compliance with 
requirements.

b.	 Prioritise Criteria: Assign weight or importance to each criterion based on 
project goals and constraints.

c.	 Create Evaluation Matrix: Develop a matrix or scoring system to compare the 
solutions based on the criteria. Each criterion can be rated or scored for each 
solution.

d.	 Analyse Trade-offs: Evaluate the trade-offs between different criteria. For 
example, a solution that is highly efficient might be more expensive.

e.	 Use Simulation and Modelling: If applicable, use simulations or models to 
predict the performance of each solution under real-world conditions.

f.	 Technical Feasibility: Assess whether the solution can be practically developed 
and implemented with the available technology and resources.

g.	 Economic Feasibility: Analyse the cost implications, including development, 
production, and operational costs.

h.	 Risk Assessment: Identify potential risks associated with each solution, such 
as technical challenges, market acceptance, and regulatory issues.

i.	 Iterate Design: Adjust the solutions to address any identified issues or to better 
meet the criteria.

j.	 Seek Feedback: Gather feedback from stakeholders, users, or experts to refine 
the solutions and ensure they meet the needs and expectations.

k.	 Make a Decision: Based on the comparative analysis and feasibility assessment, 
select the solution that provides the best overall value.
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l.	 Justify the Choice: Document and justify the reasons for selecting the chosen 
solution, including how it meets the criteria and addresses the problem.

m.	Prepare a Report: Create a detailed report documenting the evaluation criteria, 
scoring process, comparison results, and the final decision.

n.	 Include Justifications: Provide clear justifications for why the selected 
solution was chosen over others.

5.	 Develop a Design: This is a key phase in the engineering design process where 
ideas and concepts are transformed into detailed, workable designs. This stage 
involves creating detailed drawings, models, and specifications that outline how 
the solution will be built, tested, and implemented. It involves:

a.	 Address Constraints: Ensure the design addresses any constraints or limitations 
identified previously, such as material availability, cost, and technical feasibility.

b.	 Develop Drawings: Create detailed engineering drawings and schematics 
that illustrate the design, including dimensions, materials, and assembly 
instructions.

c.	 Generate Models: Build 3D models or prototypes to visualise the design and 
test its functionality.

d.	 Specify Components: List all components and materials required, including 
their specifications and sources.

e.	 Conduct Simulations: Use simulation software to test the design under 
various conditions and scenarios to predict its behaviour and performance.

f.	 Perform Calculations: Carry out engineering calculations to verify that the 
design will withstand operational stresses and meet performance criteria.

g.	 Assess Safety: Evaluate the design for safety, ensuring that it complies with 
relevant standards and regulations.

6.	 Build and Test Prototypes: This is a key phase in the engineering design process 
where initial models or samples of the design are constructed and evaluated. This 
phase allows for practical testing and validation of the design concepts, helping to 
identify issues and refine the design before full-scale production. This involves:

a.	 Select Prototyping Method: Choose appropriate methods for building the 
prototype, such as 3D printing, machining, or assembling parts.

b.	 Construct Prototypes: Build the prototype based on the detailed design 
specifications. This can involve fabricating parts, assembling components, or 
creating a digital model.

c.	 Ensure Accuracy: Make sure the prototype accurately reflects the design, 
including dimensions, materials, and functionality.

d.	 Define Test Objectives: Identify what aspects of the prototype need to be 
tested, such as performance, durability, safety, and user interaction.

e.	 Develop Test Plans: Create detailed plans outlining how the testing will be 
conducted, including test procedures, equipment needed, and success criteria.

f.	 Perform Testing: Execute the test plans, conducting various tests to assess 
how the prototype performs under different conditions.
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g.	 Collect Data: Gather data and observations from the tests to analyse the 
prototype’s behaviour and performance.

7.	 Analyse and Interpret Results: This is a critical phase in the engineering design 
process where data gathered from testing and evaluation are examined to determine 
the effectiveness and viability of a design. This phase involves making sense of the 
data, identifying patterns or issues, and drawing conclusions that will guide further 
design improvements or decisions. It involves:

a.	 Compile Data: Collect data from various sources, such as test results, 
simulations, feedback from users, and observations during prototyping.

b.	 Organise Information: Sort and categorise the data based on the aspects of 
the design being evaluated (e.g., performance, safety, cost).

c.	 Use Tools: Employ tools like spreadsheets, databases, or specialised software to 
organise and manage the data efficiently.

d.	 Descriptive Statistics: Calculate measures such as mean, median, standard 
deviation, and range to summarise the data.

e.	 Comparative Analysis: Compare data sets to evaluate how different versions 
of the design perform against each other or against established benchmarks.

f.	 Identify Outliers: Detect any outliers or anomalies in the data that might 
indicate issues with the design or the testing process.

g.	 Link Data to Design Goals: Compare the data to the design goals and 
requirements to determine if the design is meeting expectations.

h.	 Identify Patterns: Look for patterns or trends in the data that indicate strengths 
or weaknesses in the design.

i.	 Assess Performance: Determine how well the design performs under various 
conditions, and whether it meets the necessary performance criteria.

j.	 Benchmarking: Compare the results against industry standards, benchmarks, 
or previous versions of the design to evaluate relative performance.

k.	 Check Compliance: Ensure that the design complies with regulatory 
requirements, safety standards, and other relevant guidelines.

l.	 Feasibility Analysis: Evaluate whether the design is feasible in terms of 
production, cost, and practicality based on the results.

8.	 Communicate and Present: It is the final phase in the engineering design process 
where the results, findings, and the overall design are shared with stakeholders, 
clients, team members, or the public. This phase is crucial for ensuring that 
everyone involved understands the design and its implications, enabling informed 
decision-making and facilitating further action. It involves:

a.	 Compile Reports: Assemble detailed reports that include all aspects of the 
design process, from initial problem identification to final testing and analysis.

b.	 Include Specifications: Document all technical specifications, drawings, and 
models, ensuring they are precise and up to date.

c.	 Record Changes: Track any changes made during the design process, including 
the rationale behind them and their impact on the final design.
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d.	 Create Diagrams and Drawings: Develop detailed diagrams, schematics, and 
drawings that illustrate the design’s components and assembly process.

e.	 Generate 3D Models: Use CAD software to produce 3D models or animations 
that visually represent the design in action.

f.	 Prepare Charts and Graphs: Use data visualisation tools to create charts and 
graphs that show performance metrics, test results, and comparisons.

g.	 Understand the Audience: Assess the technical knowledge and interests of 
the audience to determine the appropriate level of detail and complexity.

h.	 Simplify Complex Information: Break down complex engineering concepts 
into simpler terms for non-technical audiences. Using analogies or visual aids 
are helpful.

i.	 Highlight Key Points: Focus on the most important aspects of the design, 
such as how it solves the problem, its benefits, and any critical findings from 
testing.

j.	 Organise the Presentation: Structure the presentation logically, starting with 
the problem and moving through the design process, testing, and results.

k.	 Use Visual Aids: Integrate the visual aids into the presentation to help explain 
the design and its features clearly.

l.	 Engage the Audience: Encourage questions and discussion to clarify any 
points and ensure the audience is fully engaged.

9.	 Reflect and Iterate: This is a critical phase in the engineering design process where 
the team reviews the entire project to assess its success, learn from the outcomes, 
and make necessary adjustments for future iterations or improvements. This phase 
emphasises continuous improvement and ensures that lessons learned are applied 
to refine the design or future projects. It involves:

a.	 Assess Project Goals: Compare the final design against the original objectives 
and requirements to determine if the goals were achieved.

b.	 Evaluate Design Decisions: Review key decisions made during the design 
process to understand their impact on the outcome.

c.	 Identify Challenges: Reflect on any challenges or obstacles encountered 
during the design process and how they were addressed.

d.	 Solicit Team Feedback: Ask team members to share their thoughts on the 
design process, collaboration, and the final product.

e.	 Document Feedback: Record all feedback in a structured manner to analyse 
and incorporate into future iterations or projects.

f.	 Performance Analysis: Review the performance of the final design in real-
world applications or testing scenarios to identify strengths and weaknesses.

g.	 Compare Expectations vs. Reality: Assess how the actual outcomes compare 
to the expected results, focusing on any discrepancies.

h.	 Identify Root Causes: For any issues or failures, conduct a root cause analysis 
to understand why they occurred and how they can be prevented in the future.
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i.	 Identify Areas for Improvement: Pinpoint specific aspects of the design that 
can be enhanced in the next iteration.

j.	 Develop a Revised Plan: Create a detailed plan for implementing the 
improvements, including timelines, resources, and testing procedures.

k.	 Redesign and Prototype: Based on the feedback and analysis, modify the 
design and create updated prototypes for further testing.

l.	 Test Iterations: Test the new versions of the design to ensure that the 
improvements have addressed the identified issues and meet the new goals.

m.	Repeat as Necessary: Continue iterating on the design, incorporating feedback 
and testing results, until the desired level of performance and satisfaction is 
achieved.

10.	Ethical Considerations: This is the engineering design process which involves 
evaluating and ensuring that a project’s design, development, and implementation 
are conducted in a responsible, fair, and best interest of society. These considerations 
are vital because the decisions made by engineers can have significant impacts on 
people, communities, and the environment. Here is an explanation of the role of 
ethical considerations in the engineering design process:

a.	 Risk Assessment: Conduct thorough risk assessments to identify potential 
hazards associated with the design. This includes evaluating the likelihood and 
severity of possible failures.

b.	 Safety Standards Compliance: Adhere to established safety standards, 
regulations, and guidelines to ensure the design meets or exceeds safety 
requirements.

c.	 Testing and Validation: Implement rigorous testing protocols to validate the 
safety and reliability of the design before it is deployed or released to the public.

d.	 Sustainable Design Practices: Use materials and processes that reduce 
environmental harm, such as selecting recyclable or renewable materials and 
minimising waste.

e.	 Energy Efficiency: Design products and systems that are energy-efficient, 
reducing their carbon footprint and conserving natural resources.

f.	 Lifecycle Analysis: Evaluate the environmental impact of the design over its 
entire lifecycle, from production to disposal, and make decisions that reduce 
negative effects.

g.	 Inclusive Design: Consider the needs of diverse populations, including people 
with disabilities, when designing products or systems to ensure accessibility 
and usability for all.

h.	 Equitable Impact: Evaluate the impact of the design on different communities, 
ensuring that it does not disproportionately benefit or harm any group.

i.	 Non-Discriminatory Practices: Implement hiring and team practices that 
promote diversity and inclusion and ensure that all voices are heard during the 
design process.

j.	 Accurate Reporting: Provide truthful and accurate reports on the design 
process, test results, and potential risks or limitations of the design.
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k.	 Clear Communication: Communicate openly with stakeholders, clients, and 
the public about the design’s capabilities, costs, and any associated risks.

l.	 Avoiding Misrepresentation: Refrain from exaggerating the benefits or 
downplaying the design’s risks to secure approval or funding.

m.	Respect for Patents and Copyrights: Ensure that the design does not infringe 
on existing patents, copyrights, or trademarks, and seek appropriate licenses if 
necessary.

n.	 Proper Attribution: Give credit to original sources and contributors when 
using or building upon existing designs, ideas, or research.

o.	 Original Work: Encourage the development of original ideas and solutions, 
fostering innovation and creativity within the team.

p.	 Adherence to Codes of Conduct: Follow the ethical guidelines and codes of 
conduct established by professional engineering organisations and regulatory 
bodies.

q.	 Conflict of Interest Management: Identify and disclose any potential 
conflicts of interest that could bias the design process or decision-making.

r.	 Ethical Decision-Making: Make decisions based on ethical principles, even 
when they may be challenging or unpopular, prioritising long-term integrity 
over short-term gains.

11.	Collaboration and Teamwork: These are essential elements of the engineering 
design process, as they bring together diverse perspectives, skills, and expertise to 
develop innovative and effective solutions. Engineering projects are often complex, 
requiring input from multiple disciplines, and effective collaboration ensures that 
all aspects of the design are thoroughly considered and optimised. It involves:

a.	 Forming Interdisciplinary Teams: Assemble teams with members from 
different engineering disciplines (e.g., mechanical, electrical, software) and 
other fields such as marketing, finance, or user experience.

b.	 Role Assignment: Clearly define the roles and responsibilities of each team 
member based on their expertise, ensuring that all aspects of the design process 
are covered.

c.	 Cross-Functional Collaboration: Encourage team members to collaborate 
across disciplines, sharing knowledge and insights that contribute to a more 
holistic design.

d.	 Regular Meetings: Hold regular team meetings to discuss progress, challenges, 
and next steps, ensuring that everyone is on the same page.

e.	 Clear Communication Channels: Establish clear channels for communica-
tion, such as project management software, email, or messaging platforms, to 
facilitate ongoing collaboration.

f.	 Active Listening: Encourage team members to listen actively to each other’s 
ideas and concerns, promoting a culture of respect and inclusivity.

g.	 Brainstorming Sessions: Organise structured brainstorming sessions where 
team members can freely share their ideas, no matter how unconventional.
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h.	 Diverse Perspectives: Encourage participation from all team members, 
drawing on their unique perspectives to explore different approaches to solving 
the design problem.

i.	 Idea Refinement: Collaboratively refine and build on ideas, combining 
elements from different suggestions to develop more robust solutions.

j.	 Collaborative Problem-Solving: When challenges arise, bring the team 
together to analyse the problem, brainstorm potential solutions, and evaluate 
their feasibility.

k.	 Consensus Building: Strive to reach a consensus on key decisions, ensuring 
that all team members support the chosen direction and understand the 
rationale behind it.

l.	 Conflict Resolution: Address any disagreements or conflicts constructively, 
using mediation or negotiation techniques to find solutions that satisfy all 
parties.

m.	Setting Common Goals: Establish clear, shared goals for the project, aligning 
all team members on the desired outcomes and the steps needed to achieve 
them.

n.	 Mutual Accountability: Foster a culture of mutual accountability, where 
team members support each other and hold each other responsible for meeting 
deadlines and delivering quality work.

o.	 Celebrate Successes: Recognise and celebrate team successes, both small and 
large, to build morale and reinforce the value of collaboration.

DOCUMENTING SOLUTION REQUIREMENTS
Documenting solution requirements is a crucial step in the engineering design and 
development lifecycle. It helps ensure that all stakeholders clearly understand what the 
solution needs to accomplish. Here is a structured way to list and document solution 
requirements for a given problem:

1.	 Problem Identification: We learnt about this critical step in the previous section, 
and here we move onto techniques in documenting solution requirements utilising 
our existing knowledge of the engineering design process. This step involves several 
key activities to ensure that the problem is accurately identified and articulated. It 
involves:

a.	 Research: Collect information about the context in which the problem exists. 
This may involve studying relevant literature, existing solutions, and industry 
standards.

b.	 Stakeholder Analysis: Identify and consult with stakeholders who are affected 
by the problem. This includes users, clients, and any other parties involved.

c.	 Observation: Observe the problem in action if possible. This helps in 
understanding how it impacts users and what factors contribute to the problem.
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d.	 Problem Statement: Write a specific problem statement that describes the 
issue without suggesting solutions. It should be clear, focused, and free of 
ambiguity.

e.	 Criteria and Constraints: Identify any criteria or constraints that must be 
considered. These could include budget limitations, technical requirements, or 
time constraints.

f.	 Scope: Define the scope of the problem to ensure that it is manageable and 
relevant. Avoid overly broad problems that are difficult to address.

2.	 Techniques in Problem Identification: These techniques are used to uncover, 
understand, and articulate issues that need to be addressed. They help in accurately 
defining a problem before developing solutions. Here is an explanation of several 
commonly used techniques in problem identification:

a.	 The 5 Whys Technique: To identify the root cause of a problem by asking 
“Why?” repeatedly.

b.	 Fishbone Diagram (Ishikawa Diagram): To identify and categorise potential 
causes of a problem.

c.	 Pareto Analysis (80/20 Rule): To focus on the most significant problems by 
identifying the most impactful causes.

d.	 SWOT Analysis: (Strengths, Weaknesses, Opportunities, Threats) To assess 
internal and external factors that can affect the problem.

e.	 Brainstorming: To generate a wide range of ideas and potential solutions.
f.	 Root Cause Analysis: To determine the fundamental causes of a problem.
g.	 Failure Mode and Effects Analysis (FMEA): To identify and prioritise 

potential failure modes and their impacts.
h.	 Process Mapping: To visualise and analyse processes to identify inefficiencies 

or problems.
i.	 Gap analysis: Identifying reasons (gaps) why goals aren’t being achieved

3.	 Stakeholder Analysis: It is a critical step in the problem identification process, 
helping to identify, understand, and prioritise the individuals or groups that are 
affected by or have an interest in each problem. This process ensures that the needs 
and concerns of all relevant parties are considered when defining the problem and 
developing solutions. It involves:

a.	 Brainstorming: Start by brainstorming all possible stakeholders. Consider 
internal stakeholders (e.g., employees, management) and external stakeholders 
(e.g., customers, suppliers, regulatory bodies).

b.	 Categorisation: Group stakeholders into categories such as primary (directly 
affected), secondary (indirectly affected), and key stakeholders (those with 
significant influence or interest).

c.	 Interest Level: Determine how much each stakeholder cares about the problem 
or its resolution. High-interest stakeholders are those who will be significantly 
affected by the outcomes.
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d.	 Impact Level: Assess how much influence the problem or its solution has on 
each stakeholder. High-impact stakeholders will greatly influence the solution’s 
success.

4.	 Functional Requirements: They are essential in defining the specific operations, 
behaviours, or functionalities that a system, product, or process must provide to 
solve a particular problem. They serve as a detailed guide for developers, engineers, 
and designers, ensuring that the final solution meets the users’ needs and the 
objectives of the project.

5.	 Performance Requirements: They define how well a system, product, or process 
should perform under specific conditions. These requirements focus on measurable 
attributes such as speed, reliability, efficiency, and capacity to ensure the solution 
meets its intended purpose effectively and efficiently.

6.	 Safety and Security Requirements: They are essential components of any 
system, product, or process design. They ensure that the system is safe for users 
and secure against potential threats or vulnerabilities. These requirements are 
particularly crucial when the system deals with sensitive data, operates in hazardous 
environments, or has significant consequences if it fails.

7.	 Technical and Design Requirements: They are critical components in developing 
any system, product, or process. They specify the detailed characteristics and 
functions that the system must achieve, guiding the development process to ensure 
the final product meets the desired objectives. These requirements cover both 
the technical aspects, such as system architecture and performance, and design 
considerations, such as user interface and aesthetics.

8.	 Regulatory and Compliance Requirements: They are critical to ensure that any 
system, product, or process meets the legal and industry standards necessary to 
operate safely, ethically, and legally. These requirements often vary depending on 
the industry, location, and nature of the problem being addressed. Failing to meet 
these requirements can result in legal penalties, fines, product recalls, or damage to 
a company’s reputation.

9.	 Cost and Resource Requirements: They are essential components of project 
management and strategic planning. They determine the feasibility, scope, 
and success of a project. Understanding these requirements helps in effective 
budgeting, resource allocation, and risk management. Sources of cost may include 
labour Costs, material and Equipment Costs, Infrastructure Costs, Research and 
Development (R&D) Costs, Operational Costs, Marketing and Distribution Costs, 
Legal and Compliance Costs, and Contingency Costs.

Importance of Cost and Resource Requirements
a.	 Feasibility Analysis: Understanding cost and resource requirements is crucial 

for determining whether a project is viable. If the costs outweigh the potential 
benefits, it may be necessary to re-evaluate the project or seek alternative 
approaches.
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b.	 Budgeting and Financial Planning: Accurate cost estimation is vital for 
creating a realistic budget. This ensures that the project can be completed 
without running out of funds and allows for proper financial planning.

c.	 Resource Allocation: Knowing the resources required helps in allocating them 
efficiently. This ensures that critical project areas have the necessary support 
while avoiding waste in less critical areas.

d.	 Risk Management Identifying and planning for cost and resource requirements 
allows for the identification of potential risks. This includes the risk of cost 
overruns, resource shortages, or delays, enabling the development of mitigation 
strategies.

e.	 Project Scope and Scheduling: Cost and resource estimates help define the 
project’s scope and schedule. This ensures that the project is completed within 
the planned timeline and that all necessary tasks are included in the project 
plan.

f.	 Performance Measurement: Monitoring costs and resource usage against 
the budget allows for performance measurement throughout the project. This 
helps in identifying areas where the project may be deviating from the plan and 
requires corrective action.

g.	 Stakeholder Communication: Clear understanding and communication of 
cost and resource requirements help in managing stakeholder expectations. 
This ensures that all parties are aligned on the project’s scope, budget, and 
timelines, reducing the risk of conflicts or misunderstandings.

10.	Documentation and Reporting: They are crucial aspects of project management 
and implementation. They ensure that all project activities are recorded, progress 
is tracked, and stakeholders are kept informed. For a given problem, effective 
documentation and reporting provide a clear record of decisions, processes, and 
outcomes, facilitating transparency, accountability, and continuous improvement.

11.	Prioritisation and Trade-offs: They are key concepts in project management, 
particularly when resources, time, or scope are limited. They involve deciding 
which elements of a project are most important and making decisions about what 
can be adjusted or sacrificed to meet project goals.

a.	 Prioritisation is the process of determining the order of importance of tasks, 
features, or requirements within a project. This helps ensure that the most 
critical aspects are addressed first and that resources are allocated efficiently.

b.	 Trade-offs involve making decisions to balance competing demands. When a 
project faces constraints such as time, budget, or resources, trade-offs may be 
necessary to achieve the best possible outcome within those constraints. This 
often means sacrificing some features or aspects of the project to gain others.

Scenarios where trade-offs may be necessary often arise when managing 
a project involves balancing competing priorities such as time, cost, quality, and 
scope. Here are some common scenarios where trade-offs might be necessary, along 
with examples to illustrate each situation:
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Scenario 1: Development of a New Software Feature

Context: You have a tight deadline to release a new software feature, but the 
feature’s full implementation includes several advanced functionalities.

Trade-off Decision: To meet the deadline, you might release a basic version of 
the feature with core functionalities and plan to add the advanced features in 
future updates.

Example: If developing an advanced reporting tool for a software application, 
you could prioritise delivering basic reporting capabilities first and then enhance 
it with advanced analytics later.

Scenario 2: Manufacturing a Product

Context: You need to produce a high-quality product, but the budget is 
constrained. Higher quality materials or manufacturing processes exceed the 
available budget.

Trade-off Decision: Choose to use less expensive materials or a less advanced 
manufacturing process to stay within budget, while ensuring that the essential 
quality standards are met.

Example: If producing a consumer electronics device, you might use a lower-
grade plastic for the casing to reduce costs, while ensuring the internal components 
meet quality requirements.

Scenario 3: Launching a Marketing Campaign

Context: You have a limited marketing budget and a wide range of potential 
marketing activities, such as digital ads, social media promotions, and influencer 
partnerships.

Trade-off Decision: Allocate resources to the most impactful marketing activities 
that provide the best return on investment. For instance, you might focus on 
social media ads that have proven effective in the past and postpone or eliminate 
other less effective activities.

Example: If promoting a new mobile app, you could invest more in targeted 
social media ads and reduce spending on traditional advertising channels that 
have not demonstrated strong results.
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12.	Review and Validation: These are critical phases in the engineering design and 
project management processes. They ensure that the solutions or products meet the 
intended requirements, standards, and expectations before final implementation or 
delivery. 
a.	 Review involves systematically examining the project or solution at various 

stages to ensure that it meets the defined requirements and objectives. It 
includes evaluating design, development, and implementation processes to 
identify issues or improvements.

b.	 Validation is the process of ensuring that the final product or solution meets 
the intended needs and requirements of the users or stakeholders. It focuses on 
confirming that the system performs as expected in real-world scenarios.

13.	Communication and Collaboration: These are fundamental elements in 
effectively managing and resolving problems, particularly in complex projects. 
They involve exchanging information, ideas, and resources among team members 
and stakeholders to achieve common goals. 
a.	 Communication is the process of sharing information clearly and effectively 

among team members, stakeholders, and other relevant parties. It includes 
verbal and written communication, as well as non-verbal cues.

b.	 Collaboration is the process of working together to achieve common objectives. 
It involves pooling knowledge, skills, and resources to solve problems and create 
solutions.

Activity 7.1

Watch this video on the Engineering design process

Objective: To explore the steps in the engineering design process

Link: https://www.youtube.com/watch?v=KpWrHVo972g

Questions
1.	 What are the engineering design processes outlined in the video?
2.	 How can engineers use the engineering design process to achieve good 

results?

Activity 7.2

Design a Product Using the Engineering Design Process

Objective: Apply the engineering design process to create a functional product.

Materials:
1.	 Design worksheets
2.	 Sketching tools (paper, pencils)
3.	 Prototyping materials (cardboard, glue, scissors)

https://www.youtube.com/watch?v=KpWrHVo972g
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Steps:
1.	 Explain the engineering design process (Define, Research, Imagine, 

Evaluate, Prototype, Test, and Repeat).
2.	 Choose a problem to solve or a product to design.
3.	 Conduct research on similar products and existing solutions.
4.	 Brainstorm and sketch design ideas.
5.	 Build a simple prototype of the design.
6.	 Test the prototype and gather feedback.
7.	 Refine the design based on testing results.

Questions
1.	 What problem does your design address?
2.	 How did you gather information and ideas for your design?
3.	 What changes did you make based on testing?

 Activity 7.3

Engineering Design Challenge

Objective: Develop problem-solving skills by creating a solution to a specific 
design challenge.

Materials:
1.	 Design brief
2.	 Building materials (e.g., LEGO bricks, popsicle sticks, rubber bands)
3.	 Measurement tools

Steps:
1.	 Your teacher will provide you with a design challenge (e.g., build a bridge 

that can hold a certain weight).
2.	 Discuss the problem constraints and objectives.
3.	 Sketch and plan the design solution.
4.	 Construct the solution using the provided materials.
5.	 Test the solution to see if it meets the requirements.

Questions
1.	 What were the key constraints for your design?
2.	 How did your design meet these constraints?
3.	 What did you learn from testing your solution?
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 Activity 7.4

Create an Engineering Design Portfolio

Objective: Document and showcase engineering design projects and processes.

Materials:
1.	 Portfolio templates
2.	 Design project documentation
3.	 Sketching tools
4.	 Digital tools (e.g., computer, presentation software)

Steps:
1.	 Explain the purpose of an engineering design portfolio.
2.	 Collect and document previous design projects.
3.	 Organise the projects into a portfolio, including sketches, prototypes, and 

test results.
4.	 Present the portfolio to the class.

Questions
1.	 What are the key elements to include in an engineering design portfolio?
2.	 How did you showcase your design process and outcomes?
3.	 How can a portfolio be used in future engineering endeavours?

Activity 7.5

Analyse a Case Study

Objective: Examine real-world engineering problems and solutions through 
case studies.

Materials:
1.	 Case study documents (real-world engineering problems)
2.	 Discussion questions

Steps:
1.	 Your teacher will provide you with a case study of a real-world engineering 

problem (e.g., bridge collapse, product failure).
2.	 Read and analyse the case study.
3.	 Discuss the problem-solving approaches and design processes used in the 

case study.

Questions
1.	 What were the main challenges in the case study?
2.	 How did the engineers address these challenges?
3.	 What could have been done differently to avoid the problem?
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Activity 7.6

Design a Sustainable Solution

Objective: Develop a design solution that incorporates sustainability principles.

Materials:
1.	 Design brief focusing on sustainability
2.	 Sketching tools
3.	 Prototyping materials

Steps:

1.	 Explain the importance of sustainability in engineering design.
2.	 Choose a problem related to sustainability (e.g., reducing waste, conserving 

energy).
3.	 Develop a sustainable solution and create a prototype.
4.	 Assess the environmental impact of the design.

Questions
1.	 How does your design contribute to sustainability?
2.	 What materials or techniques did you use to minimise environmental 

impact?
3.	 How effective is your solution in addressing the sustainability issue?

Activity 7.7

Engineering Design Competition

Objective: Apply engineering design skills in a competitive setting.

Materials:
1.	 Competition guidelines and criteria
2.	 Building materials for the competition
3.	 Tools for assembly and testing

Steps:
1.	 Your teacher will arrange an engineering design competition with specific 

criteria.
2.	 You will design and build a solution based on the competition guidelines.
3.	 Present and test the solutions.
4.	 Evaluate solutions based on the criteria and provide feedback.

Questions
1.	 What design strategies did you use to meet the competition criteria?
2.	 How did you address any challenges during the competition?
3.	 What aspects of your design were most successful?
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Activity 7.8

Design Thinking Workshop

Objective: Apply design thinking principles to solve a problem creatively.

Materials:
1.	 Design thinking framework
2.	 Brainstorming materials (e.g., sticky notes, markers)
3.	 Prototyping materials

Steps:
1.	 Explain the design thinking process (Empathise, Define, Ideate, 

Prototype, Test).
2.	 Apply the design thinking framework to a problem.
3.	 Develop and test prototypes based on the design thinking approach.
4.	 Reflect on the process and outcomes.

Questions
1.	 How did the design thinking process influence your approach to 

problem-solving?
2.	 What insights did you gain during each phase?
3.	 How did empathy play a role in your design process?

Activity 7.9

Analyse and Improve Existing Designs

Objective: Evaluate existing designs and propose improvements.

Materials:
1.	 Examples of existing products or systems
2.	 Analysis tools (e.g., SWOT analysis)

Steps:

1.	 Discuss the importance of analysing existing designs.
2.	 Choose an existing product or system to analyse.
3.	 Use analysis tools to evaluate the design’s strengths, weaknesses, 

opportunities, and threats.
4.	 Propose improvements based on the analysis.

Questions
1.	 What are the key strengths and weaknesses of the existing design?
2.	 How did your analysis inform your improvement suggestions?
3.	 What impact could the proposed changes have?
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Activity 7.10

Design a Smart Product

Objective: Create a product that incorporates smart technologies and IoT 
principles.

Materials:
1.	 Design brief for a smart product (e.g., smart home device, wearable tech)
2.	 Prototyping materials
3.	 Basic electronics components

Steps:
1.	 Discuss the concept of smart products and IoT (Internet of Things).
2.	 Identify a problem or need that a smart product could address.
3.	 Develop a design for the smart product and create a prototype.
4.	 Test the prototype and refine the design.

Questions
1.	 How does your smart product address the identified problem?
2.	 What technologies or components are integrated into the design?
3.	 How did you test and improve the product’s functionality?

Activity 7.11

In pairs, discuss why it is important to consider the needs and preferences of 
potential users during design.
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RESEARCH			   
Research is an important endeavour in finding solutions to real-world problems. 
Research tries to find answers to unknown questions or create a technique for designing 
and innovating a new solution or product. The first step in the research process is 
identifying and formulating the problem. 

Ask critical questions
Asking critical questions is a key step in formulating relevant research questions for 
a given problem. Critical questions help to clarify the problem, define the scope of 
the research, and guide the investigation towards meaningful and actionable insights. 
Example: Let us say the problem is: “High failure rates in a particular manufacturing 
process.”

Critical questions might include:
a.	 What are the specific steps in the manufacturing process where failures occur 

most frequently?
b.	 Why do these failures happen? What are the underlying causes?
c.	 What are the consequences of these failures for the company and its customers?
d.	 What improvements have been tried in the past, and why have they failed or 

succeeded?
e.	 What data or evidence is needed to understand the failure mechanisms better?
f.	 How can this research help to reduce failure rates and improve the overall 

process efficiency? 

Conduct background research using various sources
Conducting background research is an essential step in formulating relevant research 
questions for a given problem. This process involves gathering information from 
various sources to gain a comprehensive understanding of the problem, its context, 
and potential areas of investigation. This includes:

a.	 Academic Journals and Conference Papers: These are essential for 
finding peer-reviewed research and studies that provide in-depth analysis and 
experimental results. They are useful for understanding the latest advancements, 
methodologies, and debates in the field.

b.	 Books and Textbooks: Books can provide a broader overview and background 
on the topic, including theoretical foundations and historical context.

c.	 Technical Reports and White Papers: Often produced by industry experts, 
these documents offer practical insights and case studies related to real-world 
applications.

d.	 Government and Industry Publications: These sources may include 
regulations, guidelines, standards, and industry reports that can help understand 
the regulatory environment and industry practices.
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e.	 Patents: Reviewing patents can reveal innovative solutions and existing 
technologies that are already protected, helping to identify gaps in the market 
or opportunities for new research.

f.	 Online Databases and Digital Libraries: Platforms like Google Scholar, 
IEEE Xplore, JSTOR, and others are invaluable for accessing a wide range of 
academic and professional literature.

g.	 Interviews and Expert Opinions: Talking to experts in the field can provide 
insights that are not available in written sources, including emerging trends and 
practical challenges.

Problem analysis and identifying key variables and 
factors
Problem analysis and the identification of key variables and factors are crucial steps in 
developing relevant research questions. These steps help to break down the problem 
into manageable components, allowing for a systematic investigation. By thoroughly 
analysing the problem and identifying key variables and factors, you can develop 
research questions that are well-targeted, researchable, and likely to lead to meaningful 
solutions. This approach ensures that the research is grounded in a deep understanding 
of the problem and its underlying dynamics. This involves

a.	 Define the Problem Clearly: Start by articulating the problem in a clear and 
concise manner. Ensure that you understand the problem’s scope, context, and 
significance.

b.	 Identify the Problem’s Dimensions: Consider different aspects of the 
problem, such as its technical, social, economic, or environmental dimensions. 
Understanding these aspects will help you identify relevant variables and 
factors.

Determine Key Variables:
a.	 Independent Variables: These are the factors that you manipulate or control 

to observe their effect on the problem. For example, in a study on manufacturing 
defects, the independent variables might include temperature, pressure, or raw 
material quality.

b.	 Dependent Variables: These are the outcomes or responses that you measure 
in the research. They are affected by independent variables. Continuing with 
the manufacturing example, the dependent variable might be the defect rate in 
the finished product.

c.	 Control Variables: These are variables you keep constant to ensure the 
independent variables’ effect can be accurately measured. For instance, machine 
calibration might be a control variable in the manufacturing process.
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Formulating clear and specific research questions
Formulating clear and specific research questions is a critical step in conducting 
effective research. Well-crafted research questions guide the research process, ensuring 
that the study is focused, relevant, and capable of producing meaningful results. It 
involves;

a.	 Clarify the Problem Statement: Begin by thoroughly understanding the 
problem at hand. What is the issue that needs to be addressed? Ensure that 
the problem statement is clear and unambiguous. Consider the broader context 
of the problem, including its background, significance, and the stakeholders 
involved. This helps in framing the research questions within a relevant context.

b.	 Identify the Purpose of the Research: What do you hope to achieve with 
your research? Define the objectives of the research, whether it is to explore, 
describe, explain, or predict phenomena related to the problem.

Exploratory and descriptive research questions
Exploratory and descriptive research questions serve different purposes in the research 
process, especially when addressing a given problem.  

Exploratory research questions are designed to investigate a problem that is not well 
understood or is in a new area where little prior research exists. These questions aim to 
uncover patterns, ideas, or hypotheses rather than test specific theories. They are often 
broad and open-ended, allowing researchers to explore the topic in depth.

Characteristics
a.	 Broad and open-ended
b.	 Aim to gather insights and generate hypotheses
c.	 Typically used in the initial stages of research
d.	 May involve qualitative methods such as interviews, focus groups, or case 

studies 

Application
Exploratory questions are useful when you’re dealing with a new or complex 
problem. For example, if a manufacturing process is yielding inconsistent results, 
exploratory questions might help uncover underlying issues that have not been 
previously considered.

Descriptive research questions aim to describe the characteristics or functions of a 
specific phenomenon, group, or situation. These questions focus on the “what” rather 
than the “why” or “how.” They are used to provide a detailed, factual account of an 
area of interest, often serving as a foundation for further investigation.



25

ENGINEERING DESIGN AND PROTOTYPINGSECTION 7

Characteristics
a.	 Specific and detailed
b.	 Aim to describe characteristics, patterns, or behaviours
c.	 Often involve quantitative methods like surveys, observations, or data analysis
d.	 Typically, more structured than exploratory questions 

Application:
Descriptive questions are typically used when the goal is to obtain a comprehensive 
understanding of the current state or characteristics of a particular phenomenon. For 
instance, in a study on manufacturing defects, descriptive questions can help quantify 
the extent of the problem and identify patterns that may be relevant for further analysis. 

Causal and correlational research questions
Causal and correlational research questions are essential for understanding 
relationships between variables, but they serve different purposes in research. 

Causal research questions aim to determine whether a change in one variable (the 
independent variable) directly causes a change in another variable (the dependent 
variable). These questions are focused on identifying cause-and-effect relationships 
and are typically addressed using experimental or quasi-experimental research designs.

Characteristics
a.	 Focus on cause-and-effect relationships
b.	 Involve manipulation of one or more independent variables
c.	 Often require controlled experiments to establish causality
d.	 Can lead to conclusions about the impact of changes in one variable on another

Application
Causal research questions are used when you want to understand the direct impact of 
one variable on another. These questions are essential for studies aiming to implement 
changes or interventions based on the outcomes, such as improving a manufacturing 
process or enhancing customer satisfaction.

Correlational research questions aim to explore whether and how two or more 
variables are related, without implying a cause-and-effect relationship. These questions 
investigate the strength and direction of associations between variables and are often 
used when experimental manipulation is not possible or ethical.

Characteristics
a.	 Explore relationships or associations between variables
b.	 Do not involve manipulation of variables
c.	 Cannot establish causality, only the strength and direction of relationships
d.	 Often analysed using statistical techniques like correlation coefficients
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Application
Correlational research questions are valuable when you need to understand the 
relationships between variables without implying that one causes the other. These 
questions are useful for identifying patterns and trends that can inform further research 
or decision-making, such as identifying factors that are associated with higher defect 
rates in manufacturing or customer behaviours linked to satisfaction.

Testable and feasible research questions
Testable and feasible research questions are crucial for conducting successful 
research. These questions should be specific enough to be answered through empirical 
investigation and practical enough to be addressed within the constraints of available 
resources, time, and expertise. 

Testable research questions are designed to be empirically examined through data 
collection and analysis. These questions should be formulated so they can be answered 
using measurable evidence, such as quantitative data, experiments, or qualitative 
observations.

Characteristics
a.	 Clearly define variables that can be measured or observed
b.	 Specify the relationships or differences you are examining
c.	 Should be answerable through empirical methods (e.g., experiments, surveys, 

observations)
d.	 Typically framed to allow for hypothesis testing

Application
Testable research questions are essential for scientific inquiry, allowing researchers 
to develop hypotheses and conduct experiments or data analysis to confirm or refute 
those hypotheses. For example, in a manufacturing process, a testable question might 
involve experimenting with different temperatures to see if it leads to a lower defect 
rate.

Feasible research questions are those that can realistically be answered within 
the constraints of time, resources, expertise, and data availability. These questions 
should be practical, ensuring that the research can be completed successfully given the 
available resources.

Characteristics
a.	 Consider the availability of data, resources, and tools needed for the research
b.	 Ensure that the scope is manageable within the given time frame
c.	 Align with the researcher’s expertise and access to necessary information
d.	 Should be achievable within the constraints of the research environment
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Application
Feasible research questions ensure that the research can be practically conducted. For 
instance, if you are studying the effect of a new process in manufacturing, a feasible 
question would consider the resources available to implement and measure that 
process.

Collaboration and feedback
Collaboration and feedback are essential components of the research process, especially 
when developing and refining research questions for a given problem. These elements 
help ensure that the research questions are comprehensive, relevant, and aligned with 
the study’s goals. 

Collaboration involves working with others—colleagues, experts, stakeholders, or 
team members—to develop research questions that are well-rounded and address the 
problem from multiple perspectives. Collaboration can bring in diverse viewpoints, 
expertise, and insights that one researcher might overlook.

Benefits
a.	 Diverse Perspectives: Different team members bring varied experiences and 

knowledge, which can lead to more innovative and relevant research questions.
b.	 Shared Expertise: Collaboration allows you to tap into the specialised 

knowledge of others, making your research questions more informed and 
accurate.

c.	 Improved Question Quality: Through discussions and brainstorming ses-
sions, research questions can be refined to better capture the complexities of 
the problem.

d.	 Enhanced Relevance: Stakeholders and end-users can provide insights that 
ensure the research questions are aligned with real-world needs and challenges.

Application
Collaboration can be formal, such as in project teams or research groups, or informal, 
such as seeking advice or feedback from peers. Regular meetings, brainstorming 
sessions, and collaborative platforms (e.g., shared documents, project management 
tools) are useful for fostering collaboration.

Feedback involves seeking input on your research questions from others, such as 
mentors, peers, experts, or stakeholders. Feedback helps identify potential weaknesses, 
areas for improvement, and ensures that the research questions are clear, focused, and 
relevant.

Benefits
a.	 Error Detection: Feedback can help identify unclear, overly broad, or biased 

questions that may lead to invalid results.
b.	 Clarity and Focus: Feedback can refine questions to make them more specific, 

measurable, and aligned with the research objectives.
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c.	 Relevance Check: Input from stakeholders can confirm that the research 
questions address the most pressing issues related to the problem.

d.	 Continuous Improvement: Iterative feedback allows for the ongoing 
refinement of research questions, leading to higher-quality outcomes.

Application
Feedback can be obtained through various methods, such as:

a.	 Formal Reviews: Presenting research questions to a panel of experts or 
stakeholders for critique.

b.	 Peer Review: Asking colleagues to review and provide feedback on the research 
questions.

c.	 Surveys: Gathering feedback from a broader audience to validate the relevance 
and clarity of the research questions.

d.	 Iterative Process: Continuously refine questions based on feedback until they 
are well-targeted and feasible.

Ethical considerations
Ethical considerations are a crucial aspect of formulating and addressing research 
questions, ensuring that the research process is conducted with integrity and respect 
for all involved. Ethical concerns can affect how research is designed, conducted, and 
how its results are interpreted and used. 

Informed consent ensures that participants are aware of the research, what it entails, 
and any potential risks or benefits. Participants should voluntarily agree to participate 
without any coercion.

Key Points:
a.	 Transparency: Participants should be given clear and comprehensive 

information about the research.
b.	 Voluntary Participation: Participation should be entirely voluntary, and 

participants should be able to withdraw at any time without penalty.
c.	 Comprehension: Ensure that participants fully understand the information 

provided to them, which may involve simplifying language or providing 
additional explanations.

d.	 Documentation: Informed consent should be documented, typically through 
a signed consent form.

Researchers must protect the privacy of participants and the confidentiality of their 
data. This involves ensuring that personal information is not disclosed without consent 
and that data is stored securely.
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Key Points:
a.	 Anonymity: Where possible, anonymise data so that participants cannot be 

identified.
b.	 Confidentiality: Protect the identity and responses of participants, ensuring 

that data is only accessible to authorised personnel.
c.	 Data Security: Implement strong data security measures to protect data from 

unauthorised access or breaches.
d.	 Sensitive Information: Handle sensitive data with extra care, ensuring it is 

not misused or disclosed inappropriately.
e.	 Researchers must ensure that their research does not cause harm to participants, 

communities, or the environment. This includes physical, psychological, social, 
or economic harm.

Key Points:
a.	 Risk Assessment: Identify and mitigate any potential risks to participants or 

the environment.
b.	 Beneficence: Strive to maximise benefits while minimising harm.
c.	 Non-Maleficence: Ensure that the research does not negatively impact the 

well-being of participants or other stakeholders.
d.	 Consider Vulnerable Groups: Extra care should be taken when research 

involves vulnerable populations who may be more susceptible to harm.

Communication and presentation
Communication and presentation are vital in ensuring that the research process and 
its outcomes are understood, accessible, and actionable. Effective communication and 
presentation help convey the relevance and importance of research questions, engage 
stakeholders, and facilitate the application of research findings. 

Communicating research questions clearly and concisely ensures that they are 
easily understood by all stakeholders, including those who may not have a technical 
background. This clarity is crucial for gaining support, facilitating collaboration, and 
ensuring that the research is aligned with the needs of the audience.

Key Points:
a.	 Simplify Language: Use plain language to explain complex concepts, avoiding 

jargon and technical terms unless necessary.
b.	 Focus on the Core Message: Clearly state the research question, its purpose, 

and its relevance to the problem at hand.
c.	 Tailor to the Audience: Adjust the level of detail and complexity based on the 

audience’s familiarity with the topic.
d.	 Use Analogies: When appropriate, use analogies or examples to illustrate 

complex ideas.
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Application
Clear and concise communication is particularly important when presenting research 
questions to non-experts, stakeholders, or a general audience. Use visuals, summaries, 
and clear statements to make your questions more accessible.

Effective presentation techniques ensure that the research questions capture the 
audience’s attention and are memorable. This engagement is key to fostering interest, 
encouraging feedback, and ensuring that the research aligns with the audience’s 
expectations and needs.

Key Points:
a.	 Visual Aids: Use charts, graphs, and diagrams to visually represent the research 

questions and their context.
b.	 Storytelling: Frame the research questions within a narrative that explains the 

problem, why it matters, and how the research can help.
c.	 Interactive Elements: Incorporate interactive elements, such as Q&A sessions, 

polls, or discussions, to engage the audience.
d.	 Multi-Format Delivery: Present the research questions in various formats, 

such as slides, handouts, or videos, to cater to different learning styles.

Application
Presentations should be dynamic and engaging, especially when the research questions 
are presented to decision-makers or stakeholders who will determine the direction 
of the research. Ensure the presentation highlights the research’s importance and 
relevance in a way that resonates with the audience.

Activity 7.12 

Imagine you are investigating the impact of technology on communication. What 
strategies would you employ to generate research questions that encompass 
various dimensions of this topic?

Activity 7.13 

Consider a health-related problem like obesity. Develop a set of research questions 
that explore not only its causes and effects but also potential solutions. Explain 
the rationale behind each question.
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Activity 7.14

Case Study: Structural Failure in Buildings

Objective: Develop research questions related to the causes and prevention of 
structural failures in buildings.

Materials: Case study handouts, building blueprints, markers, whiteboards.

Steps:
1.	 Present the case study of a recent building collapse or structural failure.
2.	 In groups, discuss the potential engineering flaws or material failures that 

could have led to the collapse.
3.	 Each group identifies gaps in the information provided and formulates 

research questions that could help prevent future failures.
4.	 Groups present their research questions to the class, explaining the rationale 

behind each.

Questions
1.	 What specific design flaws contributed to the structural failure?
2.	 How can material selection processes be improved to prevent similar 

failures?

Activity 7.15

Presentation: Renewable Energy Solutions in Urban Areas

Objective: Develop research questions related to integrating renewable energy 
into urban infrastructure.

Materials: Computers, projectors, renewable energy reports, maps of urban 
areas.

Steps:
1.	 Assign different renewable energy sources (solar, wind, geothermal) to each 

group.
2.	 Groups research their assigned energy source, focusing on challenges and 

potential benefits in urban areas.
3.	 Prepare a presentation that outlines the key findings and poses research 

questions.
4.	 Groups present their findings and research questions in 10 minutes, 

followed by a Q&A session.

Questions
1.	 What are the main challenges of implementing solar energy in densely 

populated areas?
2.	 How can urban infrastructure be adapted to support renewable energy 

sources?
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Activity 7.16 

Group Work: Water Resource Management

Objective: Formulate research questions on the engineering challenges of 
managing water resources in drought-prone regions.

Materials: Articles on water scarcity, regional climate data, whiteboards, 
markers.

Steps:
1.	 Provide an overview of water scarcity issues in a drought-prone region.
2.	 In groups, discuss the existing water management strategies and their 

shortcomings.
3.	 Develop research questions that could lead to improved water management 

solutions.
4.	 Each group presents their research questions and the potential impact of 

answering these questions.

Questions
1.	 What engineering innovations could improve water storage during droughts?
2.	 How can water distribution systems be optimised for regions with limited 

resources?

Activity 7.17

Case Study: Transportation Infrastructure

Objective: Develop research questions related to the design and implementation 
of transportation infrastructure.

Materials: Case study handouts, transportation maps, project reports, markers.

Steps:
1.	 Present a case study on a major transportation project (e.g., a new highway or 

subway system).
2.	 Groups analyse the engineering challenges, and the solutions implemented in 

the project.
3.	 Each group identifies potential improvements and formulates relevant 

research questions.
4.	 Groups present their findings and discuss the importance of their research 

questions.

Questions
1.	 What engineering challenges are most common in large-scale transportation 

projects?
2.	 How can transportation infrastructure be designed to reduce environmental 

impact?
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Activity 7.18 

Group Work: Renewable Energy Storage

Objective: Formulate research questions on the challenges of storing renewable 
energy.

Materials: Articles on energy storage, technical reports, whiteboards, markers.

Steps:
1.	 Discuss the importance of energy storage in the context of renewable energy 

sources.
2.	 In groups, explore different energy storage technologies (e.g., batteries, 

pumped hydro) and their limitations.
3.	 Develop research questions focused on improving energy storage methods.
4.	 Each group presents their research questions and potential areas of 

innovation.

Questions
1.	 What are the most promising technologies for large-scale energy storage?
2.	 How can energy storage systems be made more cost-effective?

Activity 7.19 

Case Study: Engineering for Disaster Resilience

Objective: Develop research questions on engineering solutions for disaster 
resilience.

Materials: Case study handouts, structural diagrams, markers, whiteboards.

Steps:
1.	 Present a case study on a recent natural disaster and its impact on 

infrastructure.
2.	 Groups analyse how engineering solutions could have mitigated the damage.
3.	 Formulate research questions focused on improving disaster resilience in 

engineering designs.
4.	 Groups present their research questions and discuss potential engineering 

solutions.

Questions
1.	 What are the most effective engineering solutions for earthquake-resistant 

buildings?
2.	 How can infrastructure be designed to withstand multiple types of natural 

disasters?
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Activity 7.20 

Presentation: Sustainable Urban Design

Objective: Create research questions on sustainable urban design and smart 
cities.

Materials: Computers, projectors, articles on smart cities, urban planning 
reports.

Steps:
1.	 Assign each group a specific aspect of urban design (e.g., transportation, 

green spaces).
2.	 Groups research their assigned topic, focusing on sustainable practices and 

technologies.
3.	 Prepare a presentation that includes research questions aimed at improving 

urban sustainability.
4.	 Groups present their findings and research questions, followed by a class 

discussion.

Questions
1.	 What are the key challenges in designing sustainable urban transportation 

systems?
2.	 How can urban green spaces be optimised to improve air quality and reduce 

heat?

Activity 7.21 

Group Work: Engineering Ethics and Safety

Objective: Formulate research questions on the ethical considerations and safety 
standards in engineering.

Materials: Articles on engineering ethics, safety case studies, whiteboards, 
markers.

Steps:
1.	 Discuss the importance of ethics and safety in engineering.
2.	 In groups, analyse case studies where ethical considerations were critical in 

engineering decisions.
3.	 Develop research questions that address gaps in current safety standards and 

ethical practices.
4.	 Present research questions and discuss their implications for the engineering 

profession.
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Questions
1.	 What are the ethical challenges in balancing safety and cost in engineering 

projects?
2.	 How can safety standards be improved to prevent engineering failures?

Activity 7.22

Case Study: Waste Management and Recycling Engineering

Objective: Develop research questions on engineering solutions for waste 
management and recycling.

Materials: Case study handouts, waste management reports, markers, 
whiteboards.

Steps:
1.	 Present a case study on waste management practices in a major city or 

region.
2.	 Groups analyse the engineering challenges and potential improvements in 

waste management systems.
3.	 Formulate research questions focused on improving recycling processes and 

waste management.
4.	 Groups present their research questions and discuss possible engineering 

solutions.

Questions:
1.	 What are the most significant challenges in designing effective waste 

management systems?
2.	 How can recycling processes be improved to increase efficiency and reduce 

environmental impact?

Activity 7.23 

Presentation: Smart City Technologies

Objective: Create research questions on the role of engineering in developing 
smart cities.

Materials: Computers, projectors, articles on smart city technologies, urban 
planning reports.

Steps:
1.	 Assign each group a specific smart city technology (e.g., IoT, autonomous 

vehicles).
2.	 Groups research their assigned technology and its potential impact on urban 

living.
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3.	 Prepare a presentation that includes research questions focused on the 
engineering challenges of smart cities.

4.	 Groups present their findings and research questions, followed by a class 
discussion.

Questions
1.	 What are the key engineering challenges in implementing IoT in urban 

environments?
2.	 How can smart city technologies be designed to improve quality of life while 

maintaining privacy and security?

Activity 7.24

Group Work: Energy Efficiency in Buildings

Objective: Formulate research questions on engineering solutions for improving 
energy efficiency in buildings.

Materials: Articles on energy efficiency, building codes, whiteboards, markers.

Steps:
1.	 Discuss the importance of energy efficiency in reducing the carbon footprint 

of buildings.
2.	 In groups, explore current practices and technologies used to improve energy 

efficiency.
3.	 Develop research questions focused on advancing energy efficiency 

technologies and practices.
4.	 Present research questions and discuss their implications for sustainable 

building design.

Questions
1.	 What are the most effective technologies for improving energy efficiency in 

residential buildings?
2.	 How can building codes be updated to encourage energy-efficient 

construction practices?
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RESEARCH OBJECTIVES
Before embarking on any research endeavour, it is crucial to thoroughly understand the 
problem you are addressing. This involves analysing the problem’s context, scope, and 
underlying causes. You should gather relevant information, conduct literature reviews, 
and engage in discussions with experts or stakeholders to gain a comprehensive 
understanding of the issue and thus be able to formulate research objectives.

Research Gap Identification
Research gaps refer to areas where the existing knowledge is insufficient or where 
further investigation is needed. Identifying research gaps is a critical step in the research 
process that involves recognising areas within a field of study that are underexplored, 
insufficiently addressed, or lacking in current literature. These gaps often provide 
opportunities for new research and help in formulating clear and meaningful research 
objectives.

Before identifying research gaps, it is essential to thoroughly understand the existing 
body of knowledge related to the problem. This involves reviewing the literature, 
analysing previous studies, and recognising the current state of research in the field.

Key Points:
a.	 Literature Review: Conduct a comprehensive review of academic articles, 

books, industry reports, and other relevant sources to understand what has 
been studied.

b.	 Identify Key Theories and Models: Recognise the theories, models, and 
frameworks that have been applied to similar problems.

c.	 Assess Current Findings: Analyse the findings from previous research to 
determine what is already known and established.

d.	 Recognise Limitations: Look for the limitations or weaknesses in existing 
studies that may indicate areas where further research is needed.

Alignment with Problem Statement
Aligning research objectives with the problem statement is crucial for ensuring that the 
research is focused, relevant, and effective in addressing the core issue. The problem 
statement provides a clear definition of the problem and its context, while research 
objectives outline the specific goals that the study aims to achieve. 

The problem statement articulates the core issue or challenge that the research seeks 
to address. It should be clear, specific, and provide a comprehensive overview of the 
problem, including its significance and impact.

Key Points:
a.	 Clarity and Specificity: The problem statement should precisely describe the 

problem, its scope, and its relevance.
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b.	 Context and Background: It should provide background information that 
helps to understand the problem’s context, including any relevant historical, 
social, or technical factors.

c.	 Significance: The problem statement should explain why the problem is 
important and what consequences arise from not addressing it.

Specificity and Measurability
Specificity and measurability are crucial elements in formulating effective research 
objectives. These elements ensure that the research goals are clear, actionable, and 
assessable, which helps guide the research process and evaluate its outcomes. 

Specificity ensures that research objectives are clear and unambiguous, detailing 
exactly what the research aims to achieve. Specific objectives provide direction and 
focus, making it easier to design the research methodology and assess progress.

Key Points:
a.	 Detailed Description: Objectives should define what is being studied, who or 

what is involved, and the study’s context.
b.	 Focus on One Aspect: Each objective should address a single aspect of the 

problem to avoid ambiguity and ensure that the research remains focused.
c.	 Avoid Generalities: Avoid vague terms or broad statements that can lead to 

confusion or difficulties in evaluating results.

SMART Objectives
SMART objectives are a widely used framework for setting clear, achievable, and 
effective research objectives. The SMART acronym stands for Specific, Measurable, 
Achievable, Relevant, and Time-bound. Here is a detailed discussion on how to use the 
SMART criteria to formulate research objectives.

Specific objectives clearly define what is to be achieved, focusing on a particular 
aspect of the problem. Specificity helps in directing the research efforts and avoiding 
ambiguity.

Key Points:
a.	 Detail: Specify exactly what is being investigated, who is involved, and the 

context.
b.	 Focus: Narrow the scope to address a single aspect of the problem, making it 

easier to design the research and collect relevant data.

Measurable objectives provide criteria for assessing progress and determining whether 
the objective has been achieved. This involves defining how success will be measured 
and what indicators will be used.

Key Points:
a.	 Quantify: Identify the metrics or indicators that will be used to measure 

progress and outcomes.
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b.	 Data Collection: Ensure that data can be collected and analysed to evaluate 
achievement.

Achievable objectives are realistic and attainable within the given constraints, such as 
resources, time, and scope. They should challenge the researcher but remain feasible.

Key Points:
a.	 Resources and Constraints: Assess the resources available (e.g., time, budget, 

personnel) and ensure the objective can be realistically accomplished.
b.	 Feasibility: Consider any potential barriers and plan how they will be addressed.

Relevant objectives align with the overall research goals and address important aspects 
of the problem. They should be significant to the field and have practical implications.

Key Points:
a.	 Alignment: Ensure the objective is aligned with the broader research goals 

and addresses key issues related to the problem.
b.	 Impact: Evaluate how achieving the objective will contribute to solving the 

problem or advancing knowledge.

Time-bound objectives have a clear deadline or timeframe, which helps in planning 
and tracking progress. This ensures that the research stays on schedule and that 
outcomes are achieved within a specified period.

Key Points:
a.	 Deadline: Set a specific timeframe for achieving the objective.
b.	 Milestones: Include interim milestones to monitor progress and adjust if 

needed.

Benefits of SMART Objectives
a.	 Clarity: Provides a clear and unambiguous direction for the research.
b.	 Focus: Helps in concentrating efforts on what is most important and relevant.
c.	 Tracking: Facilitates monitoring progress and assessing whether goals are 

being met.
d.	 Motivation: Sets realistic goals that can motivate and guide the research team.

Multiple Objectives
Formulating multiple research objectives involves setting several goals that collectively 
address different facets of a given problem. This approach allows for a comprehensive 
exploration of the problem and ensures that various aspects are thoroughly investigated. 

Complex problems often involve multiple dimensions or factors that cannot be 
addressed with a single objective. Multiple objectives help in covering all relevant 
aspects of the problem, providing a holistic understanding.
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Key Points:
a.	 Complexity: A single objective may not capture all elements of a multifaceted 

problem.
b.	 Comprehensive Approach: Multiple objectives allow for a more detailed and 

thorough exploration of the issue.
c.	 Interrelated Aspects: Different objectives can address various interrelated 

aspects of the problem.

Exploratory and Confirmatory Objectives
Exploratory and confirmatory objectives are two distinct types of research goals that 
play different roles in the research process. Understanding their purposes and how 
to formulate them effectively is crucial for addressing various aspects of a problem 
comprehensively. 

Exploratory objectives aim to investigate new or poorly understood aspects of a 
problem. They are used to gather preliminary information, generate hypotheses, and 
identify patterns or relationships that were not previously known. These objectives are 
essential in the early stages of research when the problem is not well-defined or fully 
understood.

Key Points:
a.	 Discovery: Focus on uncovering new insights, patterns, or phenomena related 

to the problem.
b.	 Flexibility: Often flexible and open-ended, allowing for the exploration of 

various dimensions of the problem.
c.	 Preliminary Understanding: Help in building a foundational understanding 

that can guide more detailed research.

Confirmatory objectives focus on testing specific hypotheses or verifying findings 
obtained from exploratory research. These objectives aim to validate or refute previously 
generated theories or patterns and provide more definitive answers to specific research 
questions.

Key Points:
a.	 Testing Hypotheses: Designed to confirm or disprove hypotheses developed 

from exploratory research or existing theories.
b.	 Precision: More specific and focused compared to exploratory objectives, with 

clear criteria for validation.
c.	 Structured Approach: Often involves quantitative methods and rigorous 

testing to ensure validity and reliability.

Benefits
a.	 Exploratory Objectives: Provide a broad understanding and identify new 

areas of interest or concern.
b.	 Confirmatory Objectives: Offer rigorous testing and validation of theories or 

interventions, leading to reliable conclusions.
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Feasibility and Resources
Feasibility and resources are critical factors in formulating research objectives. They 
ensure that the objectives are not only ambitious but also achievable within the 
constraints of time, budget, and available resources. 

Feasibility ensures that the research objectives are realistic and achievable given the 
constraints and limitations of the research environment. It involves evaluating whether 
the objectives can be accomplished within the available resources and time frame.

Key Points:
a.	 Practicality: The objectives should be practical and achievable based on 

current knowledge, technology, and methods.
b.	 Scope: Ensure that the scope of the objectives is manageable within the project’s 

constraints.
c.	 Risk Assessment: Identify potential risks or obstacles that might affect the 

feasibility and plan for mitigation.

Factors to Consider:
a.	 Complexity: Objectives should be complex enough to address the problem but 

not so complex that they become unmanageable.
b.	 Expertise: Assess whether the research team has the necessary expertise and 

skills to achieve the objectives.
c.	 Technology and Methods: Ensure that the technology and methods required 

to achieve the objectives are available and accessible.

Resource allocation involves planning and managing the resources required to 
achieve the research objectives effectively. This includes financial resources, personnel, 
equipment, and time.

Key Points:
a.	 Budget: Determine the financial resources needed and ensure that the research 

can be conducted within the allocated budget.
b.	 Personnel: Identify the human resources required, including researchers, 

technical staff, and any external collaborators or consultants.
c.	 Equipment and Materials: Ensure that the necessary equipment, materials, 

and technology are available and functional.
d.	 Time: Estimate the time required to achieve each objective and ensure that it 

fits within the overall project timeline.

Factors to Consider:
a.	 Cost Estimates: Provide detailed cost estimates for all aspects of the research, 

including data collection, analysis, and reporting.
b.	 Resource Availability: Assess the availability of resources and plan for any 

potential shortages or delays.
c.	 Time Management: Develop a timeline that includes milestones and deadlines 

for each objective to ensure timely completion.
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Ethical Considerations
Ethical considerations are crucial when formulating research objectives, as they 
ensure that the research is conducted responsibly and with respect for participants, 
the environment, and societal norms. Ethical issues can impact the design, execution, 
and outcomes of research, making it essential to integrate ethical principles into the 
objective-setting process.

Respecting participants involves ensuring that research objectives are designed to 
protect their rights, dignity, and well-being throughout the study.

Key Points:
a.	 Informed Consent: Ensure that participants are fully informed about the 

research objectives, procedures, and any potential risks before agreeing to 
participate.

b.	 Privacy and Confidentiality: Protect the personal data and confidentiality of 
participants. Objectives should include measures to safeguard data and ensure 
privacy.

c.	 Minimising Harm: Design objectives that avoid or minimise any potential 
physical, psychological, or emotional harm to participants.

Maintaining integrity and honesty involves ensuring that research objectives are 
designed and pursued in a way that upholds the highest standards of scientific and 
ethical conduct.

Key Points:
a.	 Avoiding Misrepresentation: Ensure that research objectives are based on 

accurate and truthful information, avoiding any misrepresentation of findings 
or intentions.

b.	 Transparency: Be transparent about the research goals, methods, and potential 
conflicts of interest.

c.	 Scientific Rigor: Design objectives that uphold the scientific validity of the 
research, avoiding any practices that could lead to biased or unreliable results.

Collaboration and Feedback
Collaboration and feedback are integral to formulating effective research objectives. 
They enhance the quality of the research by incorporating diverse perspectives, 
expertise, and insights. 

Collaboration involves working with others to leverage their expertise, resources, 
and perspectives, which can significantly enhance the formulation and execution of 
research objectives.

Key Points:
a.	 Diverse Expertise: Collaborating with experts from various fields can provide 

a well-rounded perspective on the problem and help in identifying relevant and 
comprehensive objectives.
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b.	 Resource Sharing: Collaborators can bring additional resources, including 
funding, equipment, and data, which can enhance the feasibility and scope of the 
research objectives.

c.	 Enhanced Innovation: Working with a team can stimulate creativity and 
innovation, leading to the development of novel and effective research objectives.

Feedback involves soliciting input from various stakeholders to evaluate and improve 
the research objectives. It helps ensure that objectives are well-defined, relevant, and 
achievable.

Key Points:
a.	 Critical Review: Feedback provides an opportunity for critical review of the 

research objectives, helping to identify any gaps, inconsistencies, or areas for 
improvement.

b.	 Validation: Feedback helps validate that the research objectives are aligned with 
the problem statement and are feasible given the available resources.

c.	 Refinement: Use feedback to refine and clarify objectives, ensuring they are 
specific, measurable, achievable, relevant, and time-bound (SMART).

Communication and Presentation
Effective communication and presentation are crucial for formulating research objectives. 
They ensure that the research goals are clearly understood, effectively articulated, and 
aligned with the needs of stakeholders. 

Effective communication is essential for clarifying and refining research objectives. It 
involves sharing information, engaging with stakeholders, and ensuring that all parties 
have a common understanding of the research goals and processes.

Key Points:
a.	 Clarity: Clear communication helps define research objectives in an understandable 

way by all stakeholders, including team members, funders, and participants.
b.	 Alignment: Effective communication ensures that research objectives align with 

the expectations and needs of stakeholders.
c.	 Feedback: Open communication channels facilitate the collection of feedback, 

which can be used to refine and improve research objectives.

Presentation involves organising and delivering information about research objectives 
in a structured and engaging manner. It helps in conveying the research goals effectively 
and ensuring that they are well-received by the audience.

Key Points:
a.	 Structured Format: Presenting research objectives in a structured format helps 

in organising information logically and making it easier for the audience to follow.
b.	 Engagement: Engaging presentations capture the audience’s attention and 

facilitate a better understanding of the research objectives.
c.	 Impact: A well-prepared presentation can enhance the impact of the research 

objectives, making them more compelling and convincing to stakeholders.
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Activity 7.25 

Case Study: Sustainable Water Management

Objective: Formulate research objectives for improving sustainable water 
management in drought-prone regions.

Materials: Case study handouts, regional water usage data, whiteboards, 
markers.

Steps:
1.	 Present a case study on water management challenges in a drought-prone 

region.
2.	 In groups, analyse the current water management strategies and identify 

your shortcomings.
3.	 Develop specific research objectives aimed at improving water sustainability.
4.	 Present your objectives and discuss their potential impact and evaluate if 

they are “SMART” objectives.

Questions
1.	 What specific improvements are needed in current water management 

practices?
2.	 How can these objectives contribute to long-term water sustainability?

Activity 7.26

Presentation: Energy Efficiency in Urban Areas

Objective: Formulate research objectives for enhancing energy efficiency in 
urban environments.

Materials: Energy consumption reports, urban planning data, computers, 
projectors.

Steps:
1.	 Your teacher will assign your group an aspect of urban energy consumption 

(e.g., residential, commercial).
2.	 Research your assigned area, focusing on energy inefficiencies and potential 

improvements.
3.	 Develop research objectives that target specific inefficiencies and evaluate if 

they are “SMART” objectives.
4.	 Present your objectives and explain how achieving them could improve 

urban energy efficiency.

Questions
1.	 What are the most critical areas for energy efficiency improvement in urban 

settings?
2.	 How can these objectives drive policy changes?
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Activity 7.27 

Group Work: Waste-to-Energy Technologies

Objective: Develop research objectives for advancing waste-to-energy 
technologies.

Materials: Articles on waste-to-energy, technical reports, whiteboards, 
markers.

Steps:
1.	 Discuss the concept and importance of waste-to-energy technologies.
2.	 In groups, analyse current waste-to-energy technologies and their 

limitations.
3.	 Develop specific objectives to overcome these limitations and evaluate if 

they are “SMART” objectives.
4.	 Present research objectives and discuss their potential impact on the 

environment.

Questions

1.	 What are the key barriers to the wider adoption of waste-to-energy 
technologies?

2.	 How can these research objectives help in overcoming these barriers?

Activity 7.28 

Case Study: Improving Transportation Infrastructure

Objective: Develop research objectives for enhancing transportation 
infrastructure in congested urban areas.

Materials: Case study handouts, traffic data, urban planning maps, markers.

Steps:
1.	 Present a case study on traffic congestion in a major city.
2.	 Analyse the causes of congestion and the current infrastructure’s 

weaknesses.
3.	 Develop research objectives to improve transportation efficiency and reduce 

congestion and evaluate if they are “SMART” objectives.
4.	 Present your objectives and discuss their potential benefits.

Questions
1.	 What infrastructure improvements are most critical to reducing urban 

congestion?
2.	 How can these objectives guide future transportation planning?
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Activity 7.29 

Presentation: Climate-Resilient Infrastructure

Objective: Formulate research objectives for designing infrastructure resilient to 
climate change.

Materials: Climate impact reports, engineering journals, computers, projectors.

Steps:
1.	 Your teacher will assign your group a type of infrastructure (e.g., roads, 

bridges) to focus on.
2.	 Research the impact of climate change on your assigned infrastructure and 

potential design improvements.
3.	 Develop research objectives focused on enhancing climate resilience and 

evaluate if they are “SMART” objectives.
4.	 Present your objectives and discuss how they can be implemented in future 

projects.

Questions

1.	 What are the most significant risks posed by climate change to infrastructure?

2.	 How can these research objectives mitigate those risks?

Activity 7.30 

Group Work: Smart Cities and Urban Planning

Objective: Develop research objectives for integrating smart city technologies 
into urban planning.

Materials: Smart city articles, urban planning documents, whiteboards, markers.

Steps:

1.	 Discuss the concept of smart cities and their potential benefits.
2.	 Analyse how smart city technologies can be integrated into existing urban 

environments.
3.	 Develop research objectives that focus on specific aspects of smart city 

integration and evaluate if they are “SMART” objectives.
4.	 Present the objectives and discuss their implications for urban development.

Questions
1.	 What are the key challenges in implementing smart city technologies?
2.	 How can these research objectives drive successful integration?
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Activity 7.31 

Presentation: Sustainable Construction Practices
Objective: Formulate research objectives for promoting sustainable construction 
practices.
Materials: Sustainability reports, construction case studies, computers, 
projectors.
Steps:
1.	 Your teacher will assign your group a specific area of construction (e.g., 

materials, energy use).
2.	 Research your assigned area, focusing on sustainable practices and their 

adoption.
3.	 Develop research objectives that target specific sustainability challenges and 

evaluate if they are “SMART” objectives.
4.	 Present your objectives and explain how achieving them could improve 

construction sustainability.
Questions
1.	 What are the main barriers to sustainable construction practices?
2.	 How can these research objectives help overcome those barriers?

Activity 7.32 

Group Work: Electric Vehicle Adoption
Objective: Develop research objectives for promoting the adoption of electric 
vehicles (EVs).
Materials: EV adoption reports, industry data, whiteboards, markers.
Steps:
1.	 Discuss the importance of electric vehicles in reducing carbon emissions.
2.	 Analyse the challenges and opportunities in promoting EV adoption.
3.	 Develop research objectives that focus on electric vehicle adoption and 

evaluate if they are “SMART” objectives.
4.	 Present your objectives and explain how achieving them could improve 

electric vehicle adoption.
Questions
1.	 What are the barriers to electric vehicle adoption?
2.	 How can these research objectives help overcome those barriers?

Activity 7.33 

For one of the activities above use the research objectives you developed to develop 
ten (10) research questions. In pairs, discuss how the research questions differ from 
the research objectives.
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MANUFACTURING PROCESSES
Manufacturing processes are essential for transforming raw materials into finished 
products. They play a crucial role in creating a wide range of items that we use in 
our daily lives. These processes are the backbone of industries such as automotive, 
electronics, aerospace, healthcare, and consumer goods.

3D Printing
3D printing, also known as additive manufacturing, is a process that builds objects 
layer by layer using digital design data. It offers unparalleled design freedom, enabling 
complex geometries that traditional manufacturing methods struggle to achieve. 
Various materials such as plastics, metals, ceramics, and even food can be used in 3D 
printing. The process starts with creating a digital design file (CAD), which is then 
sliced into thin cross-sectional layers. The printer adds material layer by layer, creating 
a physical object.

Applications of 3D Printing
a.	 Prototyping:

•	 Rapid Prototyping: Allows designers and engineers to quickly create and test 
prototypes, reducing the time and cost of product development.

b.	 Manufacturing:
•	 Custom Parts: Enables the production of custom parts and small batches, 

especially for complex or highly specialised components.
•	 Tooling: Used to create custom jigs, fixtures, and moulds for manufacturing 

processes.

c.	 Medical and Dental:
•	 Custom Implants and Prosthetics: 3D printing is used to create custom-fit 

implants, prosthetics, and dental crowns.
•	 Surgical Models: Surgeons use printed models of organs or bones to plan 

complex surgeries.

d.	 Aerospace and Automotive:
•	 Lightweight Parts: Produces lightweight and strong parts for aircraft and 

vehicles, including engine components and structural parts.

e.	 Consumer Products:
•	 Customisation: Allows consumers to customise products, from jewellery to 

footwear.
•	 Replacement Parts: Enables the production of hard-to-find or discontinued 

parts.
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f.	 Education:
•	 Learning Tool: Provides students with hands-on experience in design and 

engineering, enhancing STEM education.

g.	 Art and Design:
•	 Creative Expression: Artists and designers use 3D printing to create intricate 

sculptures, jewellery, and fashion pieces that would be difficult or impossible to 
make by traditional means.

Fig. 7.1: A picture of 3D printing

Casting
Casting involves pouring molten material into a mould and allowing it to solidify, 
creating a final product with the desired shape. This process is widely used for making 
complex shapes that would be difficult or expensive to produce using other methods. 
Casting finds applications in creating intricate components like engine parts, jewellery, 
and sculptures.

a.	 Materials Used in Casting
•	 Metals: Aluminium, iron, steel, bronze, brass.
•	 Plastics: Thermoplastics like polyethylene, polypropylene.
•	 Ceramics: Used in investment casting for creating moulds.

b.	 Casting Defects
•	 Porosity: Small holes in the casting caused by trapped air or gas.
•	 Shrinkage: Reduction in size as the material cools and solidifies.
•	 Cold Shuts: Occur when two streams of molten metal do not fuse properly.
•	 Misruns: Incomplete filling of the mould, resulting in missing sections of the 

casting.
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c.	 Applications of Casting
•	 Automotive: Engine blocks, crankshafts, and various components.
•	 Aerospace: Turbine blades, structural components.
•	 Art: Sculptures, decorative items.
•	 Industrial: Machine parts, tools, valves, and pumps.

Fig. 7.2: A picture of Casting

PCB Production
Printed Circuit Board (PCB) production involves creating boards that electrically 
connect and support components using conductive tracks, pads, and other features 
etched from copper sheets laminated onto a non-conductive substrate. PCBs are 
essential in nearly all electronic devices. Printed Circuit Boards (PCBs) are crucial 
for electronic devices. PCB production starts with designing the circuit layout using 
specialised software. The design is then transferred onto the board through etching, 
which removes excess copper to create the circuit pattern. Drilling creates holes for 
component mounting, and soldering attaches components to the board. PCBs are used 
in a wide range of electronics, from simple toys to advanced medical devices.

Applications of PCB Production
a.	 Consumer Electronics:

•	 Devices: Smartphones, tablets, laptops, televisions, and wearable technology.
•	 Role: PCBs are the backbone of all consumer electronics, providing the founda-

tion for integrating processors, memory, sensors, and other components.
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b.	 Automotive Industry:
•	 Components: Engine control units (ECUs), infotainment systems, sensors, 

lighting, and safety systems.
•	 Role: PCBs are crucial in modern vehicles, enabling advanced features like 

autonomous driving, connectivity, and enhanced safety systems.

c.	 Medical Devices:
•	 Equipment: Diagnostic machines (e.g., MRI and CT scanners), portable 

monitors, hearing aids, and implantable devices.
•	 Role: PCBs ensure the reliable and accurate operation of critical medical 

equipment, where precision and reliability are paramount.

d.	 Aerospace and Defence:
•	 Applications: Avionics, radar systems, communication devices, and navigation 

systems.
•	 Role: PCBs are designed to withstand extreme conditions, providing reliable 

performance in aerospace and military applications.

e.	 Industrial and Commercial Equipment:
•	 Machines: Control systems, power supplies, automation systems, and robotics.
•	 Role: PCBs are essential in industrial applications, where they control complex 

machinery and ensure efficient operation.

f.	 Telecommunications:
•	 Devices: Routers, switches, mobile communication devices, and satellite 

systems.
•	 Role: PCBs are used to manage the high-speed data processing and signal 

transmission required in modern communication networks.

g.	 Energy Sector:
•	 Systems: Solar panels, wind turbines, smart grids, and power inverters.
•	 Role: PCBs are used in energy management systems, ensuring efficient 

conversion and distribution of power.

h.	 Computing and Networking:
•	 Hardware: Servers, network routers, data storage devices, and peripheral 

equipment.
•	 Role: PCBs are integral to the operation of computer systems and networks, 

enabling fast data processing and reliable communication.

i.	 LED Lighting:
•	 Applications: Residential, commercial, automotive, and industrial lighting.
•	 Role: PCBs are used in LED lighting systems, providing a reliable platform for 

LEDs and ensuring efficient heat dissipation.
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j.	 Renewable Energy:
•	 Devices: Solar inverters, wind turbine controllers, and energy storage systems.
•	 Role: PCBs are used to manage and optimise energy flow in renewable energy 

systems, contributing to more sustainable power generation.

Fig. 7.3: A picture of the production of Printed Circuit Boards

Laser Cutters
Laser cutting employs a focused laser beam to cut or engrave materials with high 
precision. The laser’s energy is absorbed by the material, causing it to vaporise or melt, 
resulting in clean cuts or etched patterns. Laser cutters are used in industries such 
as architecture, fashion, and manufacturing for creating prototypes, intricate designs, 
and functional parts.

They are widely utilised in various industries for their accuracy, speed, and ability to 
work with a diverse range of materials.

How Laser Cutters Work
a.	 Laser Generation:

•	 A laser cutter uses a high-powered laser, typically generated by a CO₂, fibre, or 
neodymium (Nd) laser source.

•	 The laser emits a concentrated beam of light with a specific wavelength, which 
is then focused onto the material using lenses or mirrors.

b.	 Material Interaction:
•	 The focused laser beam heats the material to its melting or vaporisation point, 

enabling precise cutting, engraving, or marking.
•	 The laser’s intensity, speed, and focus can be adjusted to achieve different effects, 

such as deep cuts, surface etching, or detailed engravings.
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c.	 Computer Control:
•	 Laser cutters are controlled by computer software that converts digital designs 

(typically vector files) into instructions for the laser’s movement and power 
settings.

•	 This allows for highly accurate and repeatable cuts and engravings.

d.	 Exhaust and Ventilation:
•	 As the laser cuts or engraves, it produces fumes, dust, and debris. Most laser 

cutters are equipped with exhaust systems to remove these byproducts, ensuring 
safety and maintaining the quality of the cuts.

Applications of Laser Cutters
a.	 Manufacturing and Fabrication:

•	 Metal Cutting: Laser cutters are widely used in sheet metal fabrication, cutting 
complex shapes with high precision.

•	 Aerospace Components: The aerospace industry uses laser cutters for precise, 
lightweight components with tight tolerances.

b.	 Signage and Advertising:
•	 Custom Signage: Laser cutters can create intricate signs and displays from 

materials like acrylic, wood, and metal, often with engraved details.
•	 Point of Sale Displays: Laser cutting is used to produce high-quality, custom 

point-of-sale displays.

c.	 Prototyping and Product Design:
•	 Rapid Prototyping: Designers and engineers use laser cutters to quickly create 

prototypes of products, allowing for rapid iteration and testing.
•	 Custom Enclosures: Laser cutters are ideal for making custom enclosures for 

electronics and other products.

d.	 Jewellery Making:
•	 Engraving and Cutting: Laser cutters are used to engrave intricate designs 

onto jewellery and cut delicate metal pieces with precision.
•	 Custom Designs: Jewellers can create custom, one-of-a-kind pieces using laser 

cutting technology.

e.	 Textiles and Fashion:
•	 Fabric Cutting: Laser cutters can precisely cut fabrics, leather, and other 

textiles, often used in fashion design and production.
•	 Engraving Patterns: They can also be used to engrave patterns onto fabrics or 

leather, adding texture and detail.

f.	 Education and Makerspaces:
•	 Student Projects: Laser cutters are a popular tool in educational settings, 

allowing students to create models, prototypes, and art projects.
•	 Makerspaces: Community makerspaces often have laser cutters available for 

hobbyists and entrepreneurs to use in their projects.
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g.	 Architecture and Model Making:
•	 Architectural Models: Laser cutters are used to create precise scale models of 

buildings and landscapes, allowing architects to visualise designs.
•	 Model Kits: They are also used to produce detailed model kits for hobbyists.

h.	 Art and Craft:
•	 Custom Artwork: Artists use laser cutters to create intricate, detailed artwork 

from a variety of materials.
•	 Crafts and Gifts: Laser cutting is popular for making custom gifts, decorations, 

and craft projects.

i.	 Medical Devices:
•	 Precision Components: The medical industry uses laser cutters to produce 

precise components for devices like stents, implants, and surgical instruments.
•	 Engraving: Laser engraving is used for marking medical devices with serial 

numbers, barcodes, and other identification marks.

j.	 Automotive Industry:
•	 Parts Production: Laser cutters are used to create components like gaskets, 

seals, and other parts in the automotive industry.
•	 Custom Interiors: They are also used for customising vehicle interiors, 

including cutting and engraving leather and other materials.

Fig. 7.4: A picture of Laser Cutter
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Safety and Best Practices in the Manufacturing Processes
Safety and best practices are critical in manufacturing processes to ensure the well-
being of workers, maintain product quality, and improve efficiency. Following proper 
protocols helps prevent accidents, reduce downtime, and minimise costs related to 
workplace injuries. Below are key safety guidelines and best practices for various 
manufacturing processes.

General Safety Guidelines
1.	 Personal Protective Equipment (PPE):

a.	 Mandatory Use: Workers must wear appropriate PPE, such as safety goggles, 
gloves, helmets, ear protection, and steel-toed boots.

b.	 Regular Inspection: Ensure PPE is regularly inspected for wear and tear and 
replaced when necessary.

c.	 Proper Training: Workers should be trained on the correct usage and 
limitations of PPE.

4.	 Machine Safety:
a.	 Guarding: All machines should have appropriate guards in place to protect 

workers from moving parts, flying debris, and other hazards.
b.	 Lockout/Tagout (LOTO): Implement a LOTO procedure to ensure that 

machines are properly shut down and de-energised before maintenance or 
repair work begins.

c.	 Emergency Stop: Ensure all machines are equipped with accessible emergency 
stop buttons.

4.	 Ergonomics:
a.	 Workstation Design: Design workstations to minimise strain by allowing 

for natural posture, reducing repetitive movements, and providing adjustable 
equipment.

b.	 Manual Handling: Train workers in proper lifting techniques and use 
mechanical aids to handle heavy loads.

3.	 Chemical Safety:
a.	 Proper Storage: Store chemicals in labelled containers with appropriate safety 

data sheets (SDS) accessible to workers.
b.	 Ventilation: Ensure proper ventilation in areas where hazardous chemicals 

are used to prevent the accumulation of toxic fumes.
c.	 Spill Response: Establish protocols for handling chemical spills, including the 

availability of spill kits and emergency showers.

4.	 Fire Safety:
a.	 Fire Extinguishers: Place fire extinguishers in easily accessible locations and 

train workers on their use.
b.	 Evacuation Plan: Develop and regularly practice emergency evacuation plans.
c.	 Flammable Materials: Store flammable materials in designated areas away 

from ignition sources.
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4.	 Housekeeping:
a.	 Clean Work Areas: Maintain clean and organised work areas to reduce the 

risk of accidents and ensure a safe working environment.
b.	 Proper Disposal: Dispose of waste materials, such as scrap metal or hazardous 

waste, in designated containers.
c.	 Clear Pathways: Keep walkways and exits clear of obstructions to prevent trips 

and ensure quick evacuation if necessary.

The Specific Use Case Applications
Each of these manufacturing processes has distinct advantages and is suited to 
specific applications based on factors like material properties, precision requirements, 
production volume, and cost. By selecting the appropriate process for a given 
application, manufacturers can optimise performance, efficiency, and sustainability in 
their production operations.

1. 3D Printing
Use Case Applications:
a.	 Prototyping:

•	 Industry: Product Design and Development
•	 Application: Rapid prototyping of product designs, allowing for quick 

iterations and testing of new concepts. For example, automotive companies 
use 3D printing to create and test prototypes of vehicle components before 
mass production.

b.	 Medical Devices:
•	 Industry: Healthcare
•	 Application: Custom medical implants, prosthetics, and surgical tools are 

produced with precise specifications tailored to individual patients. For 
example, dental implants and custom prosthetic limbs are designed using 
3D printing technology.

c.	 Aerospace Components:
•	 Industry: Aerospace
•	 Application: Lightweight, complex components such as brackets and 

housings are produced with reduced material waste. Boeing uses 3D printing 
to create parts for aircraft, including brackets and ducting.

2. Casting
Use Case Applications:
a.	 Automotive Parts:

•	 Industry: Automotive
•	 Application: Casting is used to produce engine blocks, cylinder heads, and 

transmission cases. The process allows for complex shapes and high-strength 
components that are critical for automotive performance.
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b.	 Architectural Elements:
•	 Industry: Construction
•	 Application: Decorative and structural elements such as columns, 

sculptures, and façade details are created using casting. For example, 
architectural firms use casting to create ornamental features in buildings.

c.	 Industrial Machinery:
•	 Industry: Manufacturing
•	 Application: Heavy-duty machinery components, such as gearboxes and 

housings, are produced using casting. These components must withstand 
high stress and harsh operating conditions.

3. PCB Production
Use Case Applications:
a.	 Consumer Electronics:

•	 Industry: Electronics
•	 Application: PCBs are used in devices like smartphones, tablets, and 

laptops to connect and support electronic components. High-density PCBs 
are essential for compact and efficient electronic devices.

b.	 Automotive Electronics:
•	 Industry: Automotive
•	 Application: PCBs are integrated into automotive control systems, such 

as engine management units, infotainment systems, and safety features. 
Reliable PCBs ensure the functionality and safety of modern vehicles.

c.	 Medical Equipment:
•	 Industry: Healthcare
•	 Application: PCBs are used in medical devices like imaging systems, 

diagnostic equipment, and monitoring devices. Precision and reliability are 
crucial in medical electronics for accurate diagnostics and patient care.

4. Laser Cutting
Use Case Applications:
a.	 Signage:

•	 Industry: Advertising and Signage
•	 Application: Custom signs and displays are produced with intricate designs 

and precise cuts. Laser cutting allows for detailed, high-quality signage used 
in retail environments and public spaces.

b.	 Automotive Parts:
•	 Industry: Automotive
•	 Application: Laser cutting is used to create precise parts for automotive 

interiors and exteriors, such as trim panels and custom parts. It provides 
high accuracy and a clean finish.
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c.	 Aerospace Components:
•	 Industry: Aerospace
•	 Application: Lightweight, precise components are cut for use in aircraft 

and spacecraft. Laser cutting enables the production of complex shapes with 
tight tolerances.

Activity 7.34 

Watch video on 3D printing, casting, PCB production, and laser cutter

Objective: Introduction to the basic principles of 3D printing, casting, PCB 
production, and laser cutter

Link: 
•	 Introduction to 3D printing: https://www.youtube.com/shorts/

EuYIkzmm7zA 
•	 Introduction to casting: https://www.youtube.com/

watch?v=2CIcvB72dmk
•	 Introduction to PCB production: https://www.youtube.com/

watch?v=YJr-kHy6STg
•	 Introduction to laser cutter: https://www.youtube.com/

watch?v=SIjUVCho_xU

Questions
1.	 How do the videos show the principles of these manufacturing processes?
2.	 What is the usage of these manufacturing processes?

Activity 7.35 

Introduction to 3D Printing

Objective: Describe the fundamental principles behind 3D printing and its 
applications.

Materials:
1.	 3D printer (if available) or video demonstration
2.	 3D printing materials (e.g., filament, resin)
3.	 Computers with internet access
4.	 Presentation slides or handouts

Steps:
1.	 Your facilitator / teacher will give a brief overview of 3D printing technology, 

including the basic principles (additive manufacturing, layer-by-layer 
construction).

https://www.youtube.com/shorts/EuYIkzmm7zA
https://www.youtube.com/shorts/EuYIkzmm7zA
https://www.youtube.com/watch?v=2CIcvB72dmk
https://www.youtube.com/watch?v=2CIcvB72dmk
https://www.youtube.com/watch?v=YJr-kHy6STg
https://www.youtube.com/watch?v=YJr-kHy6STg
https://www.youtube.com/watch?v=SIjUVCho_xU
https://www.youtube.com/watch?v=SIjUVCho_xU
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2.	 In your group research different applications of 3D printing (e.g., medical 
implants, prototyping, custom parts). Prepare a short presentation on your 
findings.

3.	 Present your findings on the use cases of 3D printing.
4.	 The facilitator / teacher will lead a discussion on the advantages 

and limitations of 3D printing and how it compares with traditional 
manufacturing methods.

Questions
1.	 How does 3D printing work, and what are the key principles involved?
2.	 What are some practical applications of 3D printing in various industries?
3.	 What are the benefits and limitations of using 3D printing compared with 

traditional manufacturing methods?

Activity 7.36

Understanding Casting Techniques

Objective: Explain the fundamental principles behind casting and its specific 
use cases.

Materials:
1.	 Casting videos or demonstrations
2.	 Samples of cast objects (e.g., metal parts, resin castings)
3.	 Materials for a simple casting experiment (e.g., silicone molds, casting resin)
4.	 Computers for research

Steps:
1.	 The facilitator / teacher will introduce casting techniques, including 

principles like mould-making and pouring molten materials.
2.	 In your group research the casting method that has been assigned to 

you (e.g., sand casting, investment casting) and their applications (e.g., 
automotive parts, sculptures). Then prepare a presentation on your assigned 
casting method.

3.	 Present your findings on casting techniques and applications.
4.	 The facilitator / teacher will lead a discussion on the advantages and 

challenges of casting and how it is applied in various fields.

Questions
1.	 What are the basic principles of casting, and how does the process work?
2.	 What are some common types of casting methods and their applications?
3.	 How do casting techniques compare to other manufacturing processes in 

terms of advantages and challenges?
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Activity 7.37

Fundamentals of PCB Production

Objective: Describe the principles of PCB (Printed Circuit Board) production 
and its applications.

Materials:

1.	 PCB production videos or demonstrations
2.	 Sample PCBs
3.	 PCB design software (e.g., Eagle, KiCad)
4.	 Computers for research

Steps:

1.	 The facilitator / teacher will explain PCB production, including principles 
like etching, layering, and soldering.

2.	 In your group research different stages of PCB production and applications 
in electronics (e.g., consumer devices, industrial equipment). Then prepare a 
presentation on your findings.

3.	 In your group present your findings on PCB production and its applications.
4.	 The facilitator / teacher will lead a discussion on the significance of PCBs in 

electronics and their impact on modern technology.

Questions

1.	 What are the fundamental principles behind PCB production?
2.	 How are PCBs used in various electronic devices?
3.	 What are the benefits of using PCBs in electronic manufacturing?

Activity 7.38 

Exploring Laser Cutting Technology

Objective: Explain the principles of laser cutting and its specific applications.

Materials:
1.	 Laser cutter videos or demonstrations
2.	 Samples of laser-cut materials (e.g., acrylic, wood)
3.	 Computers for research

Steps:

1.	 The facilitator / teacher will introduce laser cutting technology, including 
principles such as laser beam precision and material cutting.

2.	 In your group research various applications of laser cutting (e.g., custom 
signage, architectural models, prototyping). Then prepare a presentation on 
your findings.
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3.	 In your group present your findings on laser cutting applications and their 
advantages.

4.	 The facilitator / teacher will then lead a discussion on the benefits of laser 
cutting compared with other cutting technologies.

Questions
1.	 How does laser cutting work, and what are the key principles involved?
2.	 What are some common applications of laser cutting in different industries?
3.	 How does laser cutting compare to other cutting technologies in terms of 

precision and efficiency?

Activity 7.39

Comparative Analysis of Manufacturing Technologies

Objective: Compare and contrast 3D printing, casting, PCB production, and 
laser cutting in terms of their principles and applications.

Materials:
1.	 Comparative analysis handouts
2.	 Access to research materials (books, articles, internet)
3.	 Whiteboards or poster paper
4.	 Markers

Steps:
1.	 The facilitator / teacher will explain the importance of understanding 

different manufacturing technologies and their applications.
2.	 In your group research one of the four technologies (3D printing, casting, 

PCB production, laser cutting) and prepare a comparative analysis including 
principles, use cases, advantages, and limitations.

3.	 In your group present your comparative analysis, highlighting key points 
and differences between the technologies.

4.	 The facilitator / teacher will lead a discussion on how these technologies are 
used in various industries and their potential for future developments.

Questions
1.	 What are the fundamental principles behind each of the four manufacturing 

technologies?
2.	 How do the technologies compare in terms of their applications and 

benefits?
3.	 What factors should be considered when choosing manufacturing 

technology for a specific project?
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Activity 7.40

3D Printing a Keychain

Objective: Introduction to the basics of 3D printing by designing and printing a 
custom keychain.

Materials Needed:
1.	 Access to a computer with CAD software (e.g., Tinkercad, Fusion 360)
2.	 Access to a 3D printer (FDM type recommended)
3.	 PLA filament (or other suitable material)

Steps:
1.	 Design the Keychain:

Create a simple keychain design using CAD software. The design should 
include a name, initials, or a simple shape.

Questions
•	 What features do you want to include in your keychain design?
•	 How will you ensure your design is functional and aesthetically 

pleasing?

2.	 Slice the Model:
Import the design into slicing software, set the appropriate layer height and 
infill density, and generate the G-code.

Questions
•	 How does the layer height affect the print quality?
•	 What infill pattern did you choose, and why?

3.	 Print the Keychain:
Load the G-code into the 3D printer and start the printing process. Observe 
the printing process and troubleshoot any issues that arise.

Questions
•	 What challenges did you encounter during printing?
•	 How does the printer build the object layer by layer?

4.	 Post-Processing:
Once printed, remove the keychain from the printer, and perform any necessary 
post-processing (e.g., removing supports, sanding edges).

Questions
•	 How does post-processing improve the final product?
•	 What could you do differently to improve the print quality?

5.	 Reflection:
Then reflect on your experience with 3D printing and discuss the potential 
applications of this technology.
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Questions
•	 How could 3D printing be used in real-world applications?
•	 What are the advantages and limitations of 3D printing compared with 

traditional manufacturing methods?

Activity 7.41

Sand Casting

Objective: Introduction to the basic principles of casting by making a simple 
object using the sand-casting process.

Materials Needed:
1.	 Fine sand (foundry sand or playground sand)
2.	 Sand casting mould box (flask)
3.	 Small pattern (e.g., a key, coin, or small toy)
4.	 Casting material (molten wax or chocolate for safety)
5.	 Heat source (for melting wax or chocolate)
6.	 Spoon or ladle (for pouring the molten material)
7.	 Protective gloves

Steps:
1.	 Prepare the Mould:

a.	 Place the pattern in the mould box and pack sand tightly around it, 
making sure to fill all voids.

b.	 Carefully remove the pattern, leaving a cavity in the shape of the object.

Questions
•	 Why is it important to compact the sand tightly?
•	 What challenges did you face when creating the mould cavity?

3.	 Pour the Molten Material:
a.	 Melt the wax or chocolate and carefully pour it into the mould cavity.
b.	 Allow it to cool and solidify.

Questions
•	 How does the temperature of the molten material affect the casting 

process?
•	 What precautions should be taken when handling molten materials?

3.	 Extract the Casting:
a.	 Once the material has solidified, break open the sand mould to reveal 

the cast object.
b.	 Clean the object by removing any excess material or sand.
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Questions
•	 How closely does the final casting match the original pattern?
•	 What factors might cause defects in the casting?
•	 What would you do differently next time?

3.	 Reflect and Discuss:
Discuss what you have learned about the casting process and consider how it 
could be applied to more complex or industrial applications.

Questions
•	 What are the advantages of sand casting compared with other 

manufacturing processes?
•	 How could the casting process be improved for more precise or detailed 

objects?
•	 Evaluate the environmental impact of casting as a manufacturing 

method. Compare the sustainability of casting with alternative produc-
tion techniques.

Activity 7.42

Simple PCB Design and Etching

Objective: Introduction to the basics of PCB production by designing and etching 
a simple PCB.

Materials Needed:
1.	 Copper-clad board
2.	 PCB design software (e.g., KiCAD, EasyEDA)
3.	 Laser printer or transparency film
4.	 Photoresist (optional) or permanent marker
5.	 Ferric chloride or other etching solution
6.	 Plastic container for etching
7.	 Drill for making holes (hand drill or CNC machine)

Steps:

1.	 Design the Circuit:
a.	 Design a simple circuit, such as an LED flasher, using PCB design 

software.
b.	 The design is exported as a Gerber file or printed onto a transparency or 

paper.

2.	 Transfer the Design:
Print the circuit design onto the photoresist-coated board using UV exposure 
or draw directly on the copper-clad board using a permanent marker.
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Questions
•	 How does the transfer method affect the accuracy of the PCB design?
•	 What challenges did you face in this step?

3.	 Etch the PCB:
a.	 Submerge the board in ferric chloride solution until the unwanted 

copper is dissolved, leaving the desired circuit traces.
b.	 Rinse and dry the board after etching.
c.	 Safety Note: Use gloves and work in a well-ventilated area.

Questions
•	 How did the etching process affect the final appearance of the PCB?
•	 What factors influence the etching time and quality?

4.	 Drill Holes:
Drill any necessary holes for through-hole components.

Questions
•	 Why is it important to align the drill with the holes in the design?
•	 What impact do hole sizes have on component placement?

5.	 Assemble the Circuit:
Solder the components onto the PCB, following the design layout.

Questions
•	 How did the soldering process affect the connections?
•	 What issues might arise during assembly, and how can they be resolved?

6.	 Test the PCB:
Test the assembled PCB to ensure it functions correctly.

Questions
•	 What tests did you perform to verify the PCB’s functionality?
•	 How could you troubleshoot any issues with the circuit?

Activity 7.43

Designing and Cutting a Custom Keychain

Objective: Introduction to the basics of laser cutting by designing and creating a 
custom keychain.

Materials Needed:
1.	 Laser cutter
2.	 Acrylic or wood sheets
3.	 Design software (e.g., Adobe Illustrator, CorelDRAW, or Inkscape)
4.	 Keychain rings
5.	 Protective equipment (gloves, safety glasses)
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Steps:
1.	 Design the Keychain:

Use design software to create a simple keychain design, incorporating text, 
shapes, and possibly an engraved image.

Questions:
•	 What design elements do you need to consider for a functional keychain?
•	 How can you ensure that the design will be effectively cut and engraved 

by the laser?

2.	 Prepare the Laser Cutter:
Import the design into the laser cutter’s software and set the appropriate 
material settings for cutting and engraving.

Questions
•	 How do the material settings affect the outcome of the cut?
•	 What safety precautions should be taken when operating the laser 

cutter?

3.	 Cut and Engrave the Keychain:
a.	 Place the material in the laser cutter and start the cutting process.
b.	 Once complete, remove the keychain and attach the keychain ring.

Questions
•	 How did the cutting and engraving process affect the material?
•	 What adjustments could be made to improve the final product?

4.	 Reflect and Discuss:
Discuss the outcome of the project, any challenges faced, and what you have 
learned about the laser cutting process.

Questions
•	 What are the advantages of using a laser cutter for this type of project?
•	 How could this process be applied to more complex designs or different 

materials?
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Review Questions

1.	 How do defining criteria and constraints help guide the design process?

2.	 Give an example of a situation where ethical considerations would impact the 
engineering design process.

3.	 Explain how the engineering design process might differ when designing a 
physical product as opposed to a software application.

4.	 Explain the importance of user testing during the engineering design process.

5.	 Provide an example of how sustainability principles could influence decisions 
at different stages of the design process.

6.	 Imagine you’re designing a new smartphone. Outline the key steps to be taken 
in each stage of the engineering design process to bring the product from 
concept to reality.

7.	 Identify the key characteristics of a well-formulated research question.

8.	 Differentiate between open-ended and closed-ended research questions.

9.	 Evaluate the relevance and feasibility of a given research question.

10.Your town has been experiencing frequent power outages. Create research 
objectives for a study that aims to determine the causes of these outages, assess 
their impact on residents and businesses, and suggest potential solutions.

11.In the context of climate change, propose two research objectives that would 
guide a study on the effects of rising temperatures on a specific plant species 
and its surrounding ecosystem.

12.	 A medical clinic wants to enhance patient engagement and adherence to 
treatment plans. Develop research objectives that outline how you would 
investigate the factors influencing patient engagement and design effective 
interventions.

13.Describe the fundamental principle behind 3D printing.

14.What are two specific use cases for 3D printing?

15.What is the fundamental principle behind the casting process?

16.Describe the fundamental principle behind PCB (Printed Circuit Board) 
production.

17.What are two common applications of PCBs?

18.Explain the fundamental principle of how a laser cutter works.

19.List two specific use cases for laser cutters.

20.What is additive manufacturing, and how does it relate to 3D printing?

21.Why is 3D printing considered an efficient method for prototyping?
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22.How does 3D printing contribute to the field of medicine?

23.What materials can be used in 3D printing?

24.Why is casting preferred for large production runs?

25.Why is PCB design crucial for electronic devices?

26.What safety precautions should be taken when using a laser cutter?

27.Why are laser cutters preferred for making prototypes of architectural models? 
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Answers to Review Questions

1.	 Defining criteria helps clarify what the design needs to achieve, such as 
functionality, aesthetics, and cost-effectiveness. Constraints, such as budget, 
materials, and regulations, limit options but also focus the design process, 
ensuring that the final product is feasible and meets specific standards.

2.	 Example of Ethical Considerations: In the development of medical devices, 
engineers must consider the ethical implications of their designs, such as 
patient safety, informed consent, and accessibility. For instance, a device that 
requires extensive patient monitoring might raise concerns about privacy and 
the equitable distribution of technology among different social and economic 
groups in society.

3.	 When designing a physical product, engineers must consider materials, 
manufacturing processes, and logistics. In contrast, software design emphasises 
user experience, coding, and debugging. The prototyping stages also differ: 
physical products often require tangible prototypes, while software can utilise 
iterative development with simulations and beta testing.

4.	 User testing is critical to ensure that the product meets the needs and 
expectations of its intended audience. It helps identify usability issues, gather 
feedback, and validate design decisions, ultimately leading to a more effective 
and user-friendly product.

5.	 Sustainability Principles in Design: At the material selection stage, choosing 
recycled or eco-friendly materials can reduce environmental impact. During 
the production phase, processes that minimise waste and energy use contribute 
to sustainability. Finally, end-of-life recycling options influence long-term 
environmental impacts.

6.	 Steps in Designing a Smartphone:

a.	 Define the Problem: Identify market needs and user pain points.
b.	 Research and Imagine: Investigate current technologies and gather user 

feedback.
c.	 Concept Development: Create sketches and initial designs based on 

research.
d.	 Prototyping: Build a working prototype for testing.
e.	 Testing: Conduct user tests to gather feedback on usability and performance.
f.	 Iteration: Refine the design based on testing results.
g.	 Final Design: Prepare for manufacturing, including specifications and 

documentation.
h.	 Launch: Market the product and begin distribution.



70

7.	 A good research question is clear, focused, and researchable. It should address 
a specific problem or gap in knowledge, be feasible to study within available 
resources and be significant enough to contribute to the field.

8.	 Open-ended questions invite detailed responses and explanations (e.g., “What 
are the impacts of social media on youth communication?”), while closed 
questions require limited one-word answers (e.g., “Do you use social media? 
Yes or No”).

9.	 To evaluate a research question’s relevance, consider its significance to the field 
and its potential to contribute new knowledge. For feasibility, assess whether 
there are enough resources, time, and access to necessary data or subjects to 
effectively conduct the research.

10.Research Objectives for Power Outages Study:

a.	 Identify the primary causes of frequent power outages in the town.
b.	 Assess the impact of these outages on residents’ daily lives and businesses.
c.	 Propose potential solutions to mitigate the frequency and impact of outages.

11.Research Objectives on Climate Change and Plant Species:

a.	 Investigate how rising temperatures affect the growth and reproductive 
cycles of a specific plant species.

b.	 Examine the broader ecological impacts on surrounding species and 
ecosystem dynamics due to changes in the plant’s health and distribution.

12.Research Objectives for Patient Engagement:

a.	 Identify the key factors that influence patient engagement and adherence 
to treatment plans.

b.	 Evaluate the effectiveness of various interventions aimed at improving 
patient engagement, such as educational resources, reminders, and support 
programmes.

13.The fundamental principle behind 3D printing is additive manufacturing. In 
this process, a 3D object is created by adding material layer by layer based on 
a digital 3D model. Each layer corresponds to a thin cross-section of the final 
object, and materials such as plastic, resin, or metal are used.

14.Prototyping: Engineers and designers use 3D printing to quickly create 
prototypes of products, allowing them to test form, fit, and function before 
moving to mass production.

Medical Applications: 3D printing is used to create custom prosthetics and 
implants tailored to the specific anatomy of a patient.

15.Casting involves pouring a liquid material, such as molten metal or plastic, 
into a mold that has the shape of the desired object. Once the material cools 
and solidifies, it takes on the shape of the mold, creating the final product.

16.The fundamental principle behind PCB production is the creation of a flat 
board made of non-conductive material, on which conductive pathways are 
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etched or printed. These pathways connect various electronic components, 
allowing them to function as an integrated system.

17.Consumer Electronics: PCBs are found in almost all electronic devices, 
including smartphones, laptops, and televisions.

Automotive Industry: Modern vehicles rely on PCBs for controlling various 
functions, such as engine management, infotainment systems, and safety 
features.

18.A laser cutter works by focusing a high-powered laser beam onto a material. 
The energy from the laser heats the material to its melting or vaporisation 
point, allowing the laser to cut through or engrave it. The movement of the 
laser is controlled by a computer, enabling precise and intricate designs.

19.Custom Signage: Laser cutters are used to create custom signs from materials 
like acrylic or wood, offering high precision and customisation.

Architectural Models: Architects use laser cutters to produce detailed scale 
models of buildings and other structures, enabling better visualisation of 
designs.

20.Additive manufacturing is the process of creating an object by adding material 
layer by layer. 3D printing is a form of additive manufacturing where a digital 
3D model is translated into a physical object using materials such as plastic, 
resin, or metal.

21.3D printing allows for rapid production of prototypes directly from digital 
models, reducing the time and cost associated with traditional prototyping 
methods. It enables quick iterations and testing of designs.

22.3D printing is used in medicine to create custom prosthetics, implants, and 
even bioprinted tissues. It allows for highly personalised medical devices 
tailored to individual patients’ needs.

23.Common materials include:

a.	 Plastics (e.g., PLA, ABS)
b.	 Resins
c.	 Metals (e.g., titanium, stainless steel)
d.	 Ceramics
e.	 Composite materials (e.g., carbon fiber-reinforced polymers)

24.Casting is cost-effective for large production runs because once the molds are 
made, they can be used repeatedly, reducing the cost per unit. It also allows for 
consistent quality and detailed reproduction.

25.PCB design is crucial because it determines the functionality and reliability 
of the electronic device. Proper design ensures that components are correctly 
connected and that the board can handle the required electrical loads without 
failure.
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26.Wear protective eyewear to prevent eye damage from the laser beam.

Ensure proper ventilation to avoid inhaling harmful fumes from cut materials.

Use fire-resistant materials and keep a fire extinguisher nearby, as the laser 
can ignite flammable materials.

Never leave the laser cutter unattended while it’s operating.

27.Laser cutters are preferred because they can produce highly detailed and 
accurate models with fine cuts and engravings, allowing architects to visualise 
and present their designs in a tangible form. The precision and speed of laser 
cutting also make it an efficient choice for prototyping.
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Extended Reading
1.	 CETE: Report Incorporating Engineering Design Challenges into STEM Courses, National 

Centre for Engineering and Technology Education (2012)
2.	 Wesley L. Stone and Hugh Jack, “Project-Based Learning: Integrating Engineering 

Technology and Engineering,” in American Society of Engineering Education Annual 
Conference, Columbus, Ohio, 2017.

3.	 Engineering Design and Manufacturing Education through Research Experience for High 
School Teachers. Available from: https://www.researchgate.net/publication/326822347_
Engineering_Design_and_Manufacturing_Education_through_Research_Experience_for_
High_School_Teachers [accessed Apr 16, 2024].
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