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Important information
[bookmark: _Toc173396065]Accreditation period
Units 1– 4: 1 January 2026 
Implementation of this study commences in 2026.
[bookmark: _Toc173396066][bookmark: _Toc399417878]Other sources of information
The VCAA Bulletin is the only official source of changes to regulations and accredited studies. The Bulletin also regularly includes advice on VCE studies. It is the responsibility of each VCE teacher to refer to each issue of the Bulletin. The Bulletin is available as an e-newsletter via free subscription on the VCAA website.
To assist teachers in developing courses, the VCAA publishes online Support materials (incorporating the content previously supplied in the Advice for teachers).
The current VCE Administrative Handbook contains essential information on assessment processes and other procedures.
VCE providers
Throughout this study design the term ‘school’ is intended to include both schools and other VCE providers.
Copyright
Schools may use this VCE study design in accordance with the VCAA educational allowance, including making copies for students and use within the school’s secure online teaching and learning environment. 
For details, access the full VCAA copyright policy on the VCAA website.


[bookmark: _Toc173396067]Introduction
[bookmark: _Toc173396068]Scope of study
VCE Systems Engineering involves the human-centered and purposeful design, production, operation, evaluation and iteration of integrated systems that mediate and control many aspects of human experience. Integral to VCE Systems Engineering is the identification and quantification of system goals using project management skills, the generation of system designs using agile design principles, justified design trade-offs, and the selection and implementation of the most appropriate design. Students test and verify that the system is well-built and integrated. They evaluate how well the completed system meets the intended goals and reflect on the systems engineering process to create an engineered solution.
This study can be applied to a diverse range of engineering fields such as manufacturing, transportation, automation, control technologies, mechatronics, software development and programming, robotics, pneumatics, hydraulics, and energy management. VCE Systems Engineering considers the interactions of complex systems with people, society and ecosystems. The rate and scale of human impact on global ecologies and environments demands that systems design and engineering take a holistic approach by considering the overall sustainability of any system throughout its life cycle. 
Using the systems engineering process, the key engineering goals include employing a project management approach to maximise system efficiency and optimise system performance through critical, creative and speculative thinking. Fast prototyping, engineering and manufacturing concepts, and systems thinking are also integral to this study.
[bookmark: _Toc173396069]Rationale
VCE Systems Engineering promotes innovative systems thinking, decision-making and problem-solving skills through the application of the systems engineering process. The study is based on integrated mechanical and electrotechnological engineered systems. The study allows students to make justified decisions by taking into account ethical considerations, including sustainability. 
The study provides opportunities for students to learn about and engage with engineering systems from a practical and purposeful perspective, developing a deeper understanding of the physics of engineering by using real-world applications and modeling of the systems explored. 
VCE Systems Engineering involves the design, planning, production, testing and evaluation of a complex system through a project-managed process that incorporates iterative improvements at every stage. It prepares students for careers in engineering, manufacturing and design – including aerospace, biomedical, civil, industrial and mechanical engineering – through a university or TAFE vocational study pathway, employment, apprenticeships and traineeships. The study provides a rigorous academic foundation and a practical working knowledge of design skills and strategies, project management skills, organisational skills, production processes and evaluation practices, to enable students to develop skills needed in future engineering pathways. People with these skills, and the ability to apply systems engineering processes, are in increasing demand as participants in teams that are engaged with complex and multidisciplinary projects.
[bookmark: _Toc173396070]

Aims
This study enables students to:
develop an understanding of the iterative nature of the systems engineering process and factors that influence the creation and use of a system designed to Australian and international standards
develop skills and conceptual understandings important to the effective design, planning, production, diagnosis, performance analysis, maintenance and modification of systems
acquire knowledge and understanding of mechanical and electrotechnological systems, and mechanical and electronic feedback, and apply this knowledge to solve engineering problems 
[bookmark: Structure][bookmark: Entry][bookmark: Duration][bookmark: Changes_to_the_study_design][bookmark: Monitoring_for_quality][bookmark: _bookmark2]develop an understanding of how technologies have transformed people’s lives and can be used to solve challenges associated with climate change, efficient energy generation and use, security, health, education and transport
deepen their knowledge of new and emerging developments and innovations in technological systems, including current forms of sustainable power generation
develop skills to assess and manage risks and to apply these skills in the safe, efficient and effective use of materials, tools (including digital tools) and processes
critically engage in risk assessment by identifying hazards, evaluating and categorising risks based on impact and likelihood, documenting control measures using the hierarchy of controls and implementing a monitoring and review plan 
extend knowledge of project management skills to plan, monitor and execute actions related to systems design while developing problem-solving and analytical skills
use virtual and physical modelling with various simulation tools to explore concepts and analyse, develop and modify designs
gain an awareness of quality and mandated standards, including system reliability, safety and fitness for the system's intended purpose.
[bookmark: _Toc173396071]Structure
The study is made up of four units. 
Unit 1: Electrotechnological systems design
Unit 2: Mechanical systems design
Unit 3: Ethical systems design
Unit 4: Systems production and innovative technologies
Each unit deals with specific content contained in areas of study and is designed to enable students to achieve a set of outcomes for that unit. Each outcome is described in terms of key knowledge and key skills.
[bookmark: _Toc173396072]Entry
There are no prerequisites for entry to Units 1, 2 and 3. Students must undertake Unit 3 and Unit 4 as a sequence. Units 1–4 are designed to the equivalent standard of the final two years of secondary education. All VCE studies are benchmarked against comparable national and international curriculum.
[bookmark: _Toc173396073]Duration
Each unit involves at least 50 hours of scheduled classroom instruction.
[bookmark: _Toc173396074]Changes to the study design
During its period of accreditation, minor changes to the study will be announced in the VCAA Bulletin. The Bulletin is the only source of changes to regulations and accredited studies. It is the responsibility of each VCE teacher to monitor changes or advice about VCE studies published in the Bulletin.
[bookmark: _Toc173396075]Monitoring for quality
As part of ongoing monitoring and quality assurance, the VCAA will periodically undertake an audit of VCE Systems Engineering to ensure the study is being taught and assessed as accredited. The details of the audit procedures and requirements are published annually in the VCE Administrative Handbook. Schools will be notified if they are required to submit material to be audited.
[bookmark: _Toc173396076]Safety and wellbeing
It is the responsibility of the school to ensure that duty of care is exercised in relation to the health and safety of all students undertaking the study. This study may involve the use of potentially hazardous tools. Teachers should refer to the Department of Education’s Plant and Equipment Management – Resources. For additional information about risk assessment, refer to the WorkSafe website. Teachers with students working with wood and metal materials must be competent in the use of machinery associated with use of these materials: for example, through completion of the 22623VIC Course in Safe Use of Machinery for Technology Teaching (Woodwork and Metalwork). Details about types of appropriate equipment for use in this study are included in the Support materials.
In Victoria, the relevant legislation for electrical safety is the Electricity Safety Act 1998 and associated regulations. Only persons who hold an appropriate, current electrical licence are permitted to carry out electrical work on products or equipment that require voltage greater than 50 volts alternating current (AC) or 120 volts ripple-free direct current (DC). This requirement means that students are not permitted to carry out any electrical work on electrical products or equipment that operate above 50 volts AC or 120 volts ripple-free DC.
Students are permitted to work with approved tools, including apparatus, appliances and testing equipment that operate at mains power, such as electric drills and soldering irons. However, they must not access or modify any components of such apparatus or appliances.
Any product that requires installation and operation at voltages up to 50 volts AC or 120 volts ripple-free DC in a supervised environment must comply with the Australian/New Zealand Wiring Rules (AS/NZS 3000:2018). For all other requirements, reference should be made to the Australian/New Zealand Standard – General requirements for electrical equipment (AS/NZS 3100:2022) and the Australian/New Zealand Standard – In-service safety inspection and testing of electrical equipment and RCDs (AS/NZS 3760:2022) .
Energy Safe Victoria is the safety regulator responsible for electrical and gas safety in Victoria.
[bookmark: _Toc173396077]Employability skills
This study offers a number of opportunities for students to develop employability skills. The Support materials provide specific examples of how students can develop employability skills during learning activities and assessment tasks.
[bookmark: _Toc173396078]Legislative compliance
When collecting and using information, the provisions of privacy and copyright legislation, such as the Victorian Privacy and Data Protection Act 2014 and Health Records Act 2001, and the federal Privacy Act 1988 and Copyright Act 1968, must be met.
[bookmark: _Toc173396079]Child Safe Standards
Schools and education and training providers are required to comply with the Child Safe Standards made under the Victorian Child Wellbeing and Safety Act 2005. Registered schools are required to comply with Ministerial Order No. 1359 Implementing the Child Safe Standards – Managing the Risk of Child Abuse in Schools and School Boarding Premises. For further information, consult the websites of the Victorian Registration and Qualifications Authority, the Commission for Children and Young People and the Department of Education.



[bookmark: _Toc173396080]Assessment and reporting
[bookmark: _Toc173396081]Satisfactory completion
The award of satisfactory completion for a unit is based on the teacher’s decision that the student has demonstrated achievement of the set of outcomes specified for the unit. Demonstration of achievement of outcomes and satisfactory completion of a unit are determined by evidence gained through the assessment of a range of learning activities and tasks. 
Teachers must develop courses that provide appropriate opportunities for students to demonstrate satisfactory achievement of outcomes. 
The decision about satisfactory completion of a unit is distinct from the assessment of levels of achievement. Schools will report a student’s result for each unit to the VCAA as S (satisfactory) or N (not satisfactory).
[bookmark: _Toc173396082]Levels of achievement
[bookmark: _Toc173396083]Units 1 and 2
Procedures for the assessment of levels of achievement in Units 1 and 2 are a matter for school decision. Assessment of levels of achievement for these units will not be reported to the VCAA. Schools may choose to report levels of achievement using grades, descriptive statements or other indicators.
[bookmark: _Toc173396084]Units 3 and 4
The VCAA specifies the assessment procedures for students undertaking scored assessment in Units 3 and 4. Designated assessment tasks are provided in the details for each unit in VCE study designs.
The student’s level of achievement in Units 3 and 4 will be determined by School-assessed Coursework (SAC), a School-assessed Task (SAT) as specified in the VCE study design, and external assessment.
The VCAA will report the student’s level of achievement on each assessment component as a grade from A+ to E or UG (ungraded). To receive a study score, the student must achieve two or more graded assessments in the study and receive an S for both Units 3 and 4. The study score is reported on a scale of 0–50; it is a measure of how well the student performed in relation to all others who completed the study. Teachers should refer to the current VCE Administrative Handbook for details on graded assessment and calculation of the study score. 
Percentage contributions to the study score in VCE Systems Engineering are as follows:
Units 3 and 4 School-assessed Coursework: 20 per cent
Units 3 and 4 School-assessed Task: 50 per cent
end-of-year examination: 30 per cent.
Details of the assessment program are described in the sections on Units 3 and 4 in this study design.
[bookmark: _Toc173396085]

Authentication
Work related to the outcomes of each unit will be accepted only if the teacher can attest that, to the best of their knowledge, all unacknowledged work is the student’s own. Teachers need to refer to the current VCE Administrative Handbook for authentication rules and strategies.


[bookmark: _Toc173396086]Cross-study specifications
Cross-study specifications provide details of the concepts that underpin Units 1 to 4 of the study design.
[bookmark: _Toc117080861][bookmark: _Toc173396087]Aboriginal and Torres Strait Islander knowledges, histories and cultures
Aboriginal and Torres Strait Islander peoples are the first Australians and the oldest continuous living culture in human history. These two broad groups are made up of a diversity of nations across Australia with diverse cultures, social and kinship structures, cultural traditions, languages and dialects. Through these traditions and structures Aboriginal and Torres Strait Islander peoples have developed unique and complex knowledge systems.
VCE Systems Engineering provides opportunities for students to develop understandings of the significant contributions of Aboriginal and Torres Strait Islander peoples’ connection to Country, place and culture through the acknowledgement of tradition and culture, and how systems engineering and problem-solving can be a demonstration of culture.
Throughout history, Aboriginal and Torres Strait Islander peoples have exemplified the essence of systems engineering through their ingenious use of materials and tools from their local surroundings to produce sophisticated systems. Their understanding of the interconnectedness of elements within their environment allowed them to create systems tailored to address specific problems, showcasing a remarkable synergy between materials, tools, and processes. 
Aboriginal and Torres Strait Islander peoples have devised numerous innovative engineering solutions, such as the didgeridoo, which is believed to be the world’s oldest wind instrument. The woomera is another traditional tool, designed for launching spears – its lever-like design enhances throwing distance and force, showcasing the application of engineering principles. They also developed water bags that used capillary action and evaporative cooling, serving as the ‘household fridge’ of Australia from the 1890s onwards. In addition, they constructed sophisticated fish traps and weirs, exemplified by those found at Budj Bim in Victoria. Their complex navigational systems were based on natural landmarks, celestial navigation and ocean currents. This navigational knowledge is essential for safe travel, resource gathering and cultural exchange across vast territories. The practices of Aboriginal and Torres Strait Islander peoples reflect an intricate understanding of systems dynamics, where materials, processes and environmental considerations are harmoniously integrated. 
In VCE Systems Engineering, opportunities exist across all areas of study to explore Aboriginal and Torres Strait Islander perspectives during problem-solving. Students are encouraged to remain curious and develop an understanding of Aboriginal and Torres Strait Islander peoples’ communities and cultures as they develop, generate, evaluate and refine sustainable engineered solutions. This understanding of Aboriginal and Torres Strait Islander design and problem-solving helps support cultural learning by encouraging students to connect their own experiences and those of others. It encourages collaboration, develops empathy, and helps students gain insight into their role within a diverse, global community.
Teachers are encouraged to include Aboriginal and Torres Strait Islander knowledge and perspectives in the design and delivery of teaching and learning programs related to VCE Systems Engineering. Many local Aboriginal and Torres Strait Islander communities have protocols that they have developed in relation to education. The preferred education model of the Victorian Koorie community enables teachers to focus on inclusively supporting students to consider Victorian Koorie education matters, and systematically support students to learn about local, regional, state and national Indigenous perspectives. VCE studies involve a focused extension of this model and include a broader application of national and international perspectives.
Protocols for Koorie education in Victorian schools, and other resources relating to the inclusion of Aboriginal and Torres Strait Islander knowledge and perspectives may be accessed at VAEAI.
[bookmark: _Toc173396088]Calculations
Calculations can be performed on ideal/theoretical systems or with data obtained from real systems.
Electrical
The following calculations relate to electrical circuit theory and the analysis of components within the circuits. This includes series and parallel circuits and components, voltages, current and electrical power. 

· capacitors in parallel 
· capacitors in series or  for two capacitors only 
· electrical energy efficiency 
· 
· 
· 
· resistors in parallel or  for two resistors only
resistors in series 
· 
· transformer  
Mechanical
The following calculations relate to mechanical systems and the analysis of components within the system. These include mechanical advantage, efficiency, energy, force, power, pressure and work. 
[bookmark: _Hlk187648934] x100%

	






	











Units in calculations
The units to be used in calculations are the International System of Units (SI): that is, metric units, expressed in engineering notation.
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[bookmark: _Toc173396089]Clarification of terms
Systems organisation
In systems engineering, terms are often organised in a hierarchy to reflect the structure and levels of abstraction within a system. A hierarchy of key terms used in VCE Systems Engineering, from the most general to the most specific, is listed in the table below. These terms are used throughout the study design to explore the relationships, functions, hierarchy and interconnections within systems and the systems engineering process.
	Term
	Description

	system
	a complete and integrated set of procedures, processes, components and circuits that work together to achieve a specific purpose or function. Systems perform complex tasks or operations and often have input and output interfaces with the external environment

	subsystem
	groups of procedures, processes, components and circuits that work together to perform a function within a larger system

	circuit
	arrangement of components that perform a function within a system 

	component
	basic building block used to create circuits, subsystems and systems


Control, integration and feedback 
Control, integration and feedback are essential for managing both mechanical and electrotechnological systems. Control involves the regulation and coordination of system components, ensuring they operate effectively. This often includes integrating feedback mechanisms that monitor and adjust system performance based on input signals or conditions. In VCE Systems Engineering, designing systems requires incorporating control mechanisms to achieve desired functionality and efficiency. This ensures that mechanical and electrotechnological systems operate smoothly and reliably, meeting their intended purposes effectively. 
Control
Control is the process of managing and directing the behaviour or operation of a system to achieve a desired outcome. For example, in a heating system, a thermostat controls the temperature by turning the heater on or off. It involves setting parameters, calibrating subsystems, monitoring performance, and making adjustments as needed to ensure the system functions correctly and efficiently. 
In Systems Engineering, it is essential to determine how to manage and influence the system's behaviour, considering what needs to be controlled and how to achieve it.
Integration
Integration is about combining different parts of a system to work together seamlessly. For example, in a smart-home system, various devices such as lights, thermostats, security cameras and smart speakers are integrated. Through a central app or voice assistant, these devices communicate and work together. A routine could be set so that when you say ‘good night’, the lights dim, the thermostat adjusts the temperature, and the security system activates, all at the same time. 
In systems engineering, it is crucial to plan how different components will interact and support each other to ensure that all parts of the system work together harmoniously.
Feedback
Feedback involves using information about a system’s output to make adjustments. For example, a car’s cruise control system constantly checks the car’s speed and adjusts the throttle to maintain the desired speed. 
In systems engineering, when designing a system, feedback is used to monitor performance and make adjustments, ultimately improving the system to achieve the desired outcome.
Modelling
Modelling refers to creating simplified versions of a system to understand how it works. These models help to predict system behaviour and find ways to improve it. The process of modelling involves using tools such as diagrams and computer simulations.
There are various types of models, including physical, conceptual, and mathematical models. 
A physical model is a small-scale or large-scale representation of a system. 
A conceptual model represents a system using concepts that aid in understanding or simulating the system. 
A mathematical model describes a system using mathematical equations that define relationships between variables and facilitate making predictions.
Simulation
Simulation is a process that involves using a model to study the behaviour of a real or theoretical system. The modeling and manipulation of parameters in an actual system are invaluable because often these cannot be directly controlled due to factors such as system complexity, size, speed, accessibility, or safety concerns.
Parameters
Parameters in engineering are physical quantities involved in technical problems that need to be maximised, minimised or kept around a target value. They are measurable dimensions of system performance, such as temperature, pressure, speed or efficiency, that help define the successful operation of a system. 
[bookmark: _Toc173396090]Design brief
The design brief identifies and explores a problem that requires a systems engineering solution. The problem can relate to a need, opportunity or situation. The context, and the constraints and considerations that apply to the problem are articulated in a design brief. Criteria are developed from the constraints and considerations to evaluate how well the system responds to the design brief. Criteria are also included to evaluate how well the systems engineering process is used. The design brief allows for a broad range of responses to the problem being addressed.
[bookmark: _Toc173396091]Design thinking: Critical, creative thinking and speculative thinking
Design thinking is an approach used throughout the design process that extends students’ understanding and application of Critical and Creative Thinking from the Victorian Curriculum F10. 
In VCE Systems Engineering, designing a solution-oriented system requires critical, creative and speculative thinking from students. This encompasses their ability to effectively address ethical challenges, including environmental, social and economic issues inherent in system design.
Critical, creative and speculative thinking are closely interconnected and enable engineers to take intellectual risks and innovate. This mindset helps students to evaluate system designs and identify gaps that need to be addressed, encouraging a commitment to continuous improvement. Throughout this study, students are required to apply design thinking by working creatively, critically and speculatively to conduct research, tests and trials, and to make informed decisions as they evaluate their responses to design problems. Developing the ability to think critically and creatively is vital for students to become enterprising and innovative members of the community. 
Critical thinking
In VCE Systems Engineering, critical thinking involves analytically considering components, materials, tools and processes, as well as the functionalities required to design and produce a system. This approach enables students to effectively respond to a problem using the systems engineering process. Critical thinking occurs when students are required to analyse, evaluate, critique, assess, compare, justify, interpret, examine, investigate and synthesise.
Creative thinking
In VCE Systems Engineering, creative thinking is where ideation occurs. It stimulates the broadening of ideas and the application of concepts that are imaginative and unique. Creative thinking occurs when students are required to create, invent, design, generate, formulate and conceptualise through the systems engineering process.
Speculative thinking
In VCE Systems Engineering, speculative thinking refers to synthesising information to assess its viability and relevance from a future-oriented perspective. Students are required to use critical and creative thinking to hypothesise, propose and recommend ideas based on research. Speculative thinking may focus on ethical consequences of designing and making, including environmental, social and economic considerations.
[bookmark: _Toc173396092]Drawings
Students must recognise and use Australian standards for engineering drawings, demonstrating a basic understanding of their purpose. Technical drawings provide conventions for all Australian engineers, designers and tradespeople to follow. They establish a common technical and graphical language that simplifies communication and reduces the need for extensive annotations and detailed drawings. The current standard to use is Australian Standard AS 1100 (AS 1100), which includes several sections that describe the conventions for Australian engineers, designers and tradespeople. 
Drawings also include schematic circuit diagrams, which are visual representations that show how electronic components are connected in a circuit. They use symbols to represent components such as resistors, capacitors and transistors, and lines to indicate connections.
[bookmark: _Toc173396093]Engineering components
Components refer to the individual parts or elements that make up systems or machines. They serve specific functions and are designed and integrated to work together. Components are also essential in systems where monitoring, maintenance and troubleshooting are crucial.
Electrotechnological (electronic/electrical)
the function, typical operation and basic implementation and formal symbolic representation of:
· electric power sources: alternating current (AC), including generators; direct current (DC), including batteries and photovoltaic cells (PV cells)
· non-AC electric power sources: plug packs, batteries/cells and PV cells
· generators and dynamos
· motors: AC/DC, stepper (uni-polar and bi-polar), servo, brushless and brushed DC
· solenoids: push, pull and dual
· switches: momentary (normally open and normally closed) and toggle (normally open and normally closed, combinations of single and double pole, single and double throw), single and ganged, and micro, reed and tilt ball 
· relays: normally open and normally closed, including their voltage and current rating
· resistors: fixed-value and variable resistors, including light-dependent (LDRs), potentiometers, thermistors (negative temperature coefficient [NTC] and positive temperature coefficient [PTC] types) and rheostats, along with their value tolerance and power ratings
capacitors: AC/DC, fixed-value and variable, polarised and non-polarised and ultra or super, and their voltage ratings
diodes: signal, power, light-emitting (LEDs), photo and Zener
transformers: step-up and step-down
transistors: NPN, PNP and phototransistors
integrated circuits (ICs), including microcontrollers, their representations and simulated implementation using digital tools for simulation 
fixed and variable voltage regulators
displays: liquid crystal (LCDs), LEDs and organic light-emitting (OLEDs) 
input transducer and control devices: microphones, speakers and audio transducers and piezo buzzers
diagnostic testing equipment, including digital multimeter and oscilloscope, real or virtual
components used in circuits and their formal schematic diagrammatic representation
printed circuit board (PCB) artwork, breadboard and Veroboard
resistors in series and parallel combinations
Mechanical
the function and operation of the following mechanical components:
· inclined planes and screws
· levers, cranks, a ball joint linkage and other linkages
· gear types: worm, bevel, pinion, spur, crown, and simple and compound
· basic hydraulic and pneumatic components
· pistons and cylinders
· simple and compound gears
· cams and followers
· belts, pulleys, chains and sprockets
· compression and tension springs
· bearings
[bookmark: _Toc173396094]Engineering concepts and principles
A concept is a broad idea or general category. Concepts are the methods, approaches or foundational ideas that help us to understand and apply principles within electrotechnological and mechanical engineering. For example, ‘feedback’ and ‘sensors’ are concepts. A principle, on the other hand, is a specific instance or example of a concept. For example, ‘negative feedback’ is a specific type of feedback. Similarly, sensors are devices that collect information and convert it for mechanical or electronic use. ‘Resistive sensors’ are a specific type of sensor that change resistance based on conditions, illustrating a principle within the broader concept of sensors.
Engineering concepts 
Electrotechnological
open- and closed-loop systems
digital tools for simulation to represent integrated circuits (ICs) and microcontrollers
structure and function of electrotechnological systems and subsystems, including representation of the inputs, processes and outputs, with elements of control and feedback (closed-loop systems) in both block diagram and flow diagram representations
Mechanical
mechanical engineering concepts:
· classes of levers: first, second and third
· ratio: velocity, pulley, simple and compound gear
Engineering principles
Electrotechnological and mechanical engineering principles form the foundational laws and theories that determine the design, operation and functionality of various systems.
Electrotechnological
alternating current (AC) and direct current (DC) waveforms and their use, including work restrictions detailed in the Electricity Safety Act 1998
AC power generation
conservation of energy
electrical energy efficiency
energy sources, their measurement and their conversions from one source to another
Ohm’s Law: DC and AC (purely resistive)
power: DC and AC (purely resistive)
voltage
Mechanical 
energy sources and conversions
force and torque: tension, compression, torsion and shear, and their combinations
friction and its role
hydraulic and pneumatic pressure
basic hydraulic and pneumatic systems
types of motion: linear, rotary, oscillating and reciprocating, and their transformation
[bookmark: _Toc173396095]Ethical design
The concept of ethical design allows students to see engineered solutions in a global context. It provides opportunities for students to become global citizens, helping them to strengthen their ability to make decisions based on an understanding of the values, principles, concepts and ideas that shape different assumptions and inform designed responses. Students also develop an ability to analyse, evaluate and critique engineered solutions. Students can consider, as part of their design, factors such as inclusiveness and wellbeing, ensuring that the goal of the design is user focused. Ethical design is broader than its relation to machines; it also encompasses social and psychological influences, such as user experience and user-friendly interfaces, community involvement, health and safety features, accessible information, inclusivity, collaboration and the responsible use of open-source code.
As part of ethical design, a crucial focus is placed on sustainability, which encompasses environmental, economic and social dimensions. Sustainable design practices consider the long-term impacts of engineered solutions, aiming to minimise resource depletion, reduce pollution and waste generation, and promote the wellbeing of both present and future generations. By prioritising sustainability, engineers and designers strive to create solutions that meet the needs of society without compromising the ability of future generations to meet their own needs. This involves adopting renewable energy sources, optimising resource efficiency, minimising carbon emissions, and designing for longevity, repairability and recyclability. Additionally, ethical design involves engaging users in decision-making processes and ensuring transparency and accountability throughout the design, implementation and maintenance phases of projects. Ultimately, sustainability is not just a component of ethical design – it is a guiding principle that shapes the entire design process, ensuring that engineered solutions contribute positively to the wellbeing of people and the planet.
The three dimensions of sustainability are: 

Environmental sustainability is about ensuring that the resources of the planet are available for future generations and includes the selection of resources used for fabrication, manufacturing and production as well as resources required for use after production. It relates to addressing the needs of a system’s lifecycle without depleting resources and/or having a lasting impact on the environment.
Economic sustainability involves efficient resource use to maintain economic growth over time. This includes engineering industries’ contributions to the Australian and global economies, the creation of employment opportunities, and managing the costs of a system across its lifecycle. Considerations include comparing costs of different materials and weighing up the present and future value of resources within the system.
Social sustainability ensures that current and future generations have access to social resources such as human rights, education, political empowerment and community connection. In systems engineering, this dimension includes practising stewardship that promotes the wellbeing of both the broader community and future generations.
Open-source code
Open-source code exemplifies ethical design by making software’s source code publicly accessible. This transparency allows anyone to view, use, modify and distribute the code, fostering trust and understanding of the software’s functionality and security. The collaborative nature of open-source projects promotes inclusivity and diversity, drawing on a broad range of perspectives to create more unbiased and effective solutions. Open source also empowers users by giving them the freedom to adapt and improve the software to meet their specific needs, driving innovation and ensuring the software serves its users effectively. 
[bookmark: _Toc173396096]Factors that influence the creation and use of a system
Factors that may influence the creation and use of a system are described in the table below. As part of the systems engineering process, students must consider the factors in the table below.
	Factors
	Description

	Function
	This is what the system will be used for or what it will need to do.

	User needs, requirements and parameters
	The system is designed to meet the needs and preferences of users or customers (the market). This involves not only ensuring that the system functions well and performs its tasks effectively but also prioritising factors such as longevity and durability. Considerations such as the size and portability of the system should also be taken into account to ensure suitability for the user. System parameters need to be identified so that they are optimised for system performance.

	Materials and components
	Appropriate materials and components must be selected that will meet user requirements and performance expectations.
This may include considerations such as aesthetics – such as colour, shape and surface finish of the covering/housing – and ensuring that components are neatly joined, wires are tied and trimmed, and connections are secured.
It is important to know what types of tools are available to allow for efficient production of the system and how these tools are used.

	Environment use
	This is where the system will be used and the conditions to which it will be subjected.

	Safety
	Safety must be considered at all stages of creation and use of the system. The risk assessment and management process is used to identify and minimise risk or harm for the maker or user.
This may include adherence to quality standards related to the physical characteristics and safety features of the system being created. It is essential to ensure compliance with guidelines, legal requirements or restrictions, including those pertaining to the materials used, and safety regulations, such as age restrictions.

	Cost
	The system should be cost-effective. Users or customers expect both quality and value. The cost of components, housings and ongoing running and maintenance costs must be considered.

	Waste and energy
	Waste produced during creation and use should be minimised. Energy used in the production of the system and running costs also need to be kept to a minimum. This can include using the cradle-to-cradle (C2C) analysis for design development and construction and/or deconstruction.


[bookmark: _Toc173396097]
Project management skills
Project management skills involve the ability to plan, organise and carry out tasks effectively to achieve specific goals within a set timeframe and budget. These skills are important in overseeing projects from initiation through to completion, ensuring they meet objectives effectively and efficiently. These skills include:
planning to identify tasks, resources and timelines and sequencing steps and setting milestones throughout the project
communicating to convey information and working with others
using contemporary methodologies to improve efficiency, identify problems and optimise processes
time management to prioritise tasks and meet deadlines
budget management to monitor costs and resources to stay within budgetary constraints.
Working with others
Teamwork and collaboration are essential skills in modern society, particularly in engineering. These skills allow students to consider and incorporate diverse perspectives, helping them to understand the legal, social, environmental and cultural impact of engineered solutions. They also help students relate to and engage with others effectively to develop engineered solutions in team and classroom contexts. Collaborative work encourages critical discussions about the suitability of engineered solutions, empowering students to challenge ideas, including their own. It also helps students to develop the ability to see problems from multiple perspectives, and thereby to identify and minimise potential risks.
Examples of teamwork among students in VCE Systems Engineering include students taking responsibility for specific subsystems within a larger system, supporting other students in using tools, or assisting with troubleshooting issues in a subsystem.
In VCE Systems Engineering, teamwork and collaboration can be understood through the following interconnected approaches:
Collaboration involves shared responsibility and collective ownership, with active engagement from all individuals. Examples of collaboration are group discussion, brainstorming, analysing problems and reaching consensus about processes.
Co-development is a planned approach in which individuals work together cooperatively to create and refine an idea or system, combining their skills, knowledge and resources. Co-development emphasises active participation, open communication, shared decision-making and collective responsibility of all team members, which fosters a cooperative environment that maximises the joint potential of the team. It involves both collaboration and teamwork. This may involve co-designing. 
Co-designing refers to cooperative work to create a designed solution, using shared decision-making, equal participation and a collective effort to come up with ideas and to plan. Co-design can be between individual students or between students and teachers. Co-design is a subset of collaboration and co-development.
The following diagram illustrates the interrelationship between the concepts of teamwork, collaboration, co-development and co-design.
[image: ]
Agile design principles
Agile design principles are used to improve efficiency, identify issues and optimise processes within engineering projects. These agile principles enable students to develop flexible responses to problems and adapt to changing circumstances. By integrating continual evaluation, students can facilitate improvements across processes, management practices and project outcomes. This approach exemplifies agile principles through iterative development, adaptability, flexibility and continuous refinement.
[bookmark: _Toc173396098]Record of evidence
A record of evidence is a documented collection of information, data or observations, which may encompass text, images (such as photos or hand-drawn illustrations), simulations, video or audio files, or checklists, all aimed at providing evidence of student work. It can exist in hard copy, electronic format or a combination of both. Documenting a record of evidence aligns with the VCE assessment principles by ensuring that assessment is balanced, equitable and efficient.
[bookmark: _Toc173396099]

Systems engineering process
The systems engineering process includes investigating and defining, generating and designing, producing and implementing, evaluating, and planning and managing.
Double Diamond design adapted from Design Council (UK)
	[bookmark: _Hlk115765601]First diamond
	Second diamond

	Investigating and defining
· Identify, or define, and document a problem (need, opportunity or situation). 
· Develop a design brief.  
· Conduct research, including investigation of factors influencing both the creation and use of the system.
· Develop design ideas.
· Construct criteria to evaluate systems and use of the systems engineering process, using constraints, considerations and parameters of the system.

	Generating and designing
· Design and model systems.
· Develop drawings including flow diagrams (using digital tools or handdrawn).
· Conduct trials and testings and simulations and/or modelling (such as calculations) to assess feasibility and identify alternatives.
· Select manual and digital tools, and materials. 
· Select appropriate electrotechnological and mechanical subsystems and components that will form operational systems and subsystems.
· Conduct diagnostic testing to ensure correct function of the system.
· Select and justify the most suitable systems option (proposed design from the feasible proposals (design options).

	
	Producing and implementing
· Undertake production work to fabricate, integrate, produce and implement the system.
· Test and troubleshoot components, subsystems and systems. 
· Implement the work plan using a range of production processes.
· Implement and document risk assessment and management processes to use materials and tools compliant with Occupational Health and Safety (OHS) requirements throughout all stages of the production and use of the system. 
· Make adjustments and/or repairs and modifications to systems.

	Evaluating
· Evaluate ideas developed. 

	Evaluating 
· Evaluate design options
· Evaluate implementation of work plan.
· Analyse and evaluate performance using diagnostic testing. 
· Evaluate and report on the systems produced and processes used throughout the process: 
· record and reflect on decisions made and modifications
· draw conclusions
· make recommendations for improvement.

	Planning and managing
· Undertaking and documenting research and idea development
	Planning and managing
· Describe, document and manage production work and goals of production
· Develop the work plan to produce and implement the system:
· timeline and sequence of steps
· electronic and mechanical components required
· list materials and tools required


When creating a system, students must continuously refer to the systems engineering process. Students may need to trial and test subsystems and components. This may involve commencing the creation of the system, re-evaluating and then returning to planning and a more appropriate selection of components or materials.
The activities within the systems engineering process for creating a system are as follows.
Investigating and defining
This activity involves identifying and documenting the problem, which involves the exploration of a challenge necessitating a systems engineering solution. The problem may manifest as a need, opportunity or situation recognised by the student. A design brief is then formulated to articulate the context, constraints and considerations pertinent to the problem. The design brief is articulated as a response to a problem, not as a strict set of instructions to follow step by step. It outlines the problem and presents ideas and possibilities to solve it early in the process, offering a general direction for the system while allowing flexibility and creativity. Elements of a design brief include identifying the problem, as well as the constraints, considerations and parameters of the system. These constraints and considerations are used to develop evaluation criteria. Criteria are established to assess the system’s adherence to the design brief, while factors influencing both the creation and use of the system are outlined. 
Generating and designing
This activity involves conducting research to explore alternative solutions and assess feasibility. Researching the problem involves considering various approaches for its resolution, including examination of subsystems, mechanical and electronic components, processes, associated costs, and the generation of multiple design options. These approaches help to consider different design options and the selection of the most suitable systems option, referred to as the proposed design, against the evaluation criteria developed from the design brief. 
Generating and designing requires the creation of drawings, flow diagrams, and the exploration of testing and trialing possibilities, either through simulation or using actual components. Drawings are created using computer applications such as computer-aided design (CAD). This design and modelling of potential systems uses various methods, including physical models, scale prototypes, or virtual models with CAD software. CAD drawings should follow standard drawing conventions, including specific scales, to ensure dimensions are accurately represented relative to real-world measurements. CAD drawings should also adhere to conventions for symbols, line types, scale indications and notation.
Calculations are an example of modelling and may be necessary to ascertain functionality and performance. Selection of components, materials and tools for the system or subsystem is conducted with reference to technical data and specifications, including online sources. Calculations involve mathematical analyses to determine various parameters and behaviours of systems. Students can use calculations to ensure that the system meets performance requirements and adheres to safety standards. Calculations are also important in optimising designs and identifying areas for improvement.
The justification of the proposed design for the system to be fabricated/produced must be clearly indicated. During the iteration of the proposed design, the system, subsystems and/or components undergo continual testing and diagnosis. 
Planning and managing 
Planning determines how the proposed system may be produced and involves careful consideration of the sequential steps required to fabricate components that form the system and subsystems. In project planning, milestones serve as checkpoints that indicate progress and maturity. These milestones represent different stages in the development process, marking key achievements or goals reached along the way. The maturity of the development of the system refers to how well-defined, refined and tested the system becomes at each milestone. This maturity is demonstrated through tangible evidence, such as simulations, and the iterative developing and testing of prototypes. Each milestone provides an opportunity to assess the system’s readiness to proceed to the next stage and ensures that development efforts are aligned with the project’s goals.
A work plan is developed, outlining a sequenced series of steps and timelines. Timelines represent a chronological sequence of activities plotted against a linear scale, typically indicating when tasks or milestones are expected to occur. This plan also identifies the necessary components and materials crucial for the system’s realisation, along with where to source these components and materials.
Producing and implementing
This activity involves the fabrication, integration and production of the proposed design. Students commence the assembly and fabrication of both the system and its subsystems, employing a variety of production processes, tools, components and materials while managing risk and complying with OHS requirements. Production processes used will depend on the system being built but could include the following: joining, cutting, filing, bending, shaping, soldering, printed circuit board (PCB) manufacturing, and fabricating. Any necessary adjustments, modifications or repairs are implemented to ensure optimal performance.
Evaluating
Evaluation is integral to a design process as it serves as a check on achievement across material, function, user and process concerns. This involves evaluating, testing and reporting on the system produced and the processes used. Evaluation occurs with ideas, designs options and design proposal. Following production, the system undergoes evaluation. Diagnostic test findings are reported, including conclusions on the system’s effectiveness in addressing the identified problem based on predetermined criteria. In addition, the evaluation includes recommendations for system improvements, process enhancements, and better use of [image: A diagram of a diagram
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Double Diamond design adapted from Design Council (UK)


[bookmark: _Toc173396100]Risk and safety assessment and management
Risk and safety assessment, and the principles of occupational health and safety, are integral to practices and systems in VCE Systems Engineering. They must underpin all practical work and theoretical responses. Students need to demonstrate risk assessment and management at all stages of production and use of the system. They need to demonstrate safe and correct use of components, materials, tools and processes to fabricate and assemble the system, ensuring it is compliant with OHS requirements.
Hierarchy of control structure
The hierarchy of control structure, developed by WorkSafe Victoria, is a systematic approach used to manage hazards effectively. It prioritises methods to eliminate or reduce risks in order of effectiveness, ensuring that risks are managed in a structured and effective manner. This approach focuses on prevention and protection. 
The four steps in the hierarchy of control structure are outlined in the table below.
	Step
	Description

	1. Eliminate hazards and risks
	This step provides the highest level of protection.
Eliminating the hazard and the risk it creates is the most effective control measure.

	2. Reduce the risk
	This step involves reducing the risk with one or more of the following controls:
· substituting the risks with lesser risks
· isolating people from the risks
· reducing the risks through engineering changes or changes to systems of work.

	3. Administrative controls
	This step provides a low level of protection and less reliable control.
It involves using administrative actions to minimise exposure to hazards and to reduce the level of harm.

	4. Personal protective equipment
	This step provides the lowest level of protection and least reliable control.
It involves using personal protective equipment to protect people from harm.




[bookmark: _Toc173396101]Unit 1: Electrotechnological systems design 
This unit explores the evolution of engineering in electrotechnology, allowing students to examine either its historical development or the cultural influences that shaped it. Students will investigate electrotechnological engineering and explore fundamental engineering principles to understand the concepts and components essential for designing and producing electrotechnological systems with sustainable design concepts. While the unit covers fundamental physics and theoretical underpinnings, its primary focus is on creating operational systems through a systems engineering process that incorporates sustainable design concepts.
Students are introduced to electrotechnological engineering concepts and principles such as feedback systems, sensors, circuit diagrams, microcontrollers and programming. Students actively engage in hands-on creation of operational systems using the systems engineering process, with a specific emphasis on electrotechnological systems, which may also incorporate mechanical components. This process not only fosters technical expertise but also develops project management skills, as students learn to plan, organise resources, and carry out projects within specified timelines. They also investigate energy usage and conversion. Through this experiential learning approach, students develop essential skills in problem-solving, design thinking, and collaboration and teamwork. 
[bookmark: _Toc173396102]Area of Study 1
Electrotechnological systems design and society
This area of study focuses on electrotechnological engineering principles and concepts, examining the evolution of electrotechnological systems and the components and materials that enable their operation. Students evaluate the social, environmental and economic impacts of engineering systems design, and describe and reflect on the factors that may influence the creation and use of these systems. Students use the systems engineering process to participate in activities related to designing electrotechnological systems.
Outcome 1
On completion of this unit the student should be able to explain developments in electrotechnology, discuss influences on electrotechnological design, and investigate, define, generate and design an electrotechnological system that incorporates sustainable design concepts. 
To achieve this outcome the student will draw on key knowledge and key skills outlined in Area of Study 1.
Key knowledge
cultural or historical influences on engineering design, such as the contributions and perspectives of Aboriginal and Torres Strait Islander peoples, or historical developments in electrotechnological systems such as computers, the internet, telecommunications (telephone, facsimile machines, telex), radio systems, Morse code telegraph, robot design or biomedical engineering design 
activities and their purposes within the systems engineering process related to investigating and defining electrotechnological systems
factors that influence the creation and use of an electrotechnological system
design thinking strategies: critical, creative and speculative
social, environmental, economic, and other ethical impacts on electrotechnological systems design


engineering principles and concepts related to:
· electrotechnological feedback and control systems and their implementation 
· electrotechnological components, including their typical performance and form factors, implementation, and representation in schematic circuit diagrams and circuit simulation software
engineering concepts related to microcontrollers and programming languages and how they are used to implement designed decisions that connect the inputs and outputs of the electrotechnological system 
techniques for drawing design ideas, design options and a proposed design
Key skills
[bookmark: _Hlk169010842]discuss historical or cultural influences on engineering design
explain activities and their purposes within the systems engineering process to: 
· investigate and define a problem related to sustainability, including developing a design brief
· generate and design an electrotechnological system, including using techniques for drawing design ideas, design options and a proposed design
discuss the influences and impacts on electrotechnological engineering systems, including how factors such as sustainability affect their creation and use
implement designed decisions that connect the inputs and outputs of electrotechnological systems
compare components, materials and tools for engineered solutions, considering ethical challenges including social, environmental and economic impacts
explain and apply design thinking strategies to design a system and discuss the impacts of component choice
document a record of evidence of undertaking the systems engineering process
[bookmark: _Toc173396103]Area of Study 2
Creating electrotechnological systems design 
This area of study involves students using the systems engineering process to produce controlled, operational electrotechnological systems that address a problem related to sustainability. They use materials, components, and manual and digital tools to produce systems, all while managing identified risks. They employ testing tools to diagnose system performance, making necessary modifications and adjustments to ensure each system effectively addresses identified sustainability issues. Students develop an understanding of commonly used electrotechnological components, including their typical performance and form factors, implementation, and representation in schematic circuit diagrams and circuit simulation software. Progress is recorded, and both the systems and the student’s use of the systems engineering process are evaluated, taking into account factors influencing system creation. Students also propose ways to improve the systems and their use of the systems engineering process.
Outcome 2
[bookmark: _Hlk166666510]On completion of this unit, the student should be able to use the systems engineering process to discuss and apply basic electrotechnological and control engineering concepts, principles and components to produce a system that addresses a sustainability problem, and evaluate the system and their use of the systems engineering process.
To achieve this outcome the student will draw on key knowledge and key skills outlined in Area of Study 2
Key knowledge
activities and their purposes within the systems engineering process related to planning, producing and evaluating an electrotechnological system
methods to develop work plans and collect records of evidence 
methods of project management that demonstrate agile design processes through iteration, adaptability, flexibility and continuous refinement
calculations for resistance, capacitance, current, voltage, energy and power
digital tools for simulating electrotechnological principles and circuit modelling, such as TinkerCAD 
engineering principles and concepts related to diagrammatic and symbolic forms used to represent electrotechnological systems: circuit diagrams, schematics, printed circuit board (PCB) artwork, breadboard and Veroboard representations of electrical circuits
role of specifications, data sheets, safety data sheets and technical data manuals
methods to measure and test functionality of electrotechnological systems, including understanding and application of Ohm’s law
hierarchy of control structure to assess and manage risk and Occupational Health and Safety (OHS) requirements in production and operation of the system
project management skills, including working collaboratively and in teams
[bookmark: _Hlk165961283]tools, materials and components to undertake production processes to produce an electrotechnological system compliant with OHS requirements
Key skills
explain activities and their purposes within the systems engineering process related to: 
· planning and managing the production of the electrotechnological system 
· producing and implementing the system
· evaluating the system and use of the systems engineering process
use project management skills to apply the systems engineering process 
document a record of evidence of undertaking the systems engineering process
identify and represent electrotechnological systems in diagrammatic and symbolic forms 
construct and interpret electrical circuits, and transform one representation into another
measure, test and evaluate the functionality of an electrotechnological system using equipment to measure voltage, current and resistance, and represent and interpret the results
apply formulae to solve and calculate electrical circuit parameters using Ohm’s Law and power calculations
discuss the role of and interpret specifications, data sheets, safety data sheets and technical data manuals
use digital tools to simulate and demonstrate electrotechnological principles
[bookmark: _Hlk187656592]describe and use common control systems to program microcontrollers, using a programming language to make informed decisions about the system’s inputs and outputs
explain and demonstrate hierarchy of control in the safe development and use of an engineered system
explain the operation of electrotechnological systems using technical engineering terminology
evaluate the systems engineering process with regard to the sustainability problem being addressed
work collaboratively and in teams to safely use tools, materials and components to produce a system compliant with OHS requirements 
[bookmark: _Toc173396104]

Assessment
The award of satisfactory completion for a unit is based on whether the student has demonstrated the set of outcomes specified for the unit. Teachers should use a variety of learning activities and assessment tasks that provide a range of opportunities for students to demonstrate the key knowledge and key skills in the outcomes.
The areas of study, including the key knowledge and key skills listed for the outcomes, should be used for course design and the development of learning activities and assessment tasks. Assessment must be a part of the regular teaching and learning program and should be completed mainly in class and within a limited timeframe.
All assessments at Units 1 and 2 are school-based. Procedures for assessment of levels of achievement in Units 1 and 2 are a matter for school decision.
For this unit students are required to demonstrate two outcomes. As a set these outcomes encompass the areas of study in the unit. 
Suitable tasks for assessment in this unit may be selected from the following: 
a short written report: case study analysis, data analysis, media analysis or research inquiry
an oral presentation: video or podcast 
a visual presentation: graphic organiser, concept/mind map, annotated poster, or multimedia presentation 
AND
a multimodal record of evidence that documents activities within the systems engineering process using one or more of the following:
· text
· images
· simulations
· video
· audio
· teacher observation checklist.
Where teachers allow students to choose between tasks, they must ensure that the tasks they set are of comparable scope and demand.


[bookmark: _Toc173396105]Unit 2: Mechanical systems design 
Students explore developments in mechanical systems engineering, incorporating the histories, cultures and perspectives of Aboriginal and Torres Strait Islander peoples. They also examine fundamental mechanical engineering principles, concepts and components, as they relate to systems that include the 6 simple machines (lever; inclined plane; pulley; screw; wedge; and wheel and axle). Students analyse the components and materials essential for operational, controlled mechanical systems. By applying the systems engineering process, students create mechanical systems that reflect inclusive design principles.
Students are introduced to mechanical engineering principles, including mechanical subsystems and devices, their motions, and fundamental physics and applied mathematical calculations. These concepts enable students to explain the physical characteristics of these systems.
Students address inclusive design problems, which support communities and improve people’s lives, by creating operational systems using the systems engineering process. Inclusive design concepts emphasise creating systems that consider the diverse needs of all people. While this unit covers fundamental mechanical engineering systems, the emphasis is on understanding how to create operational mechanical systems, with the potential inclusion of some electrotechnological components. Since all systems require energy to function, students will also research and quantify how these systems use or convert supplied energy.
[bookmark: _Toc173396106]Area of Study 1
Evolution of mechanical systems design
This area of study explores the historical and technical developments in mechanical systems and examines innovation and inclusive design principles and other influences within mechanical systems. It also examines cultural influences on engineering design, including perspectives from Aboriginal and Torres Strait Islander peoples. 
Outcome 1
On completion of this unit the student should be able to explain the evolution of mechanical systems, and discuss innovation and inclusive responses to mechanical engineering design.
To achieve this outcome the student will draw on key knowledge and key skills outlined in Area of Study 1.
Key knowledge
Aboriginal and Torres Strait Islander peoples’ contributions and perspectives and other
historical, cultural or technical developments in the field of engineering related to mechanical systems, such as:
· the Archimedes screw
· the machines of Leonardo Da Vinci
· the Wright Flyer
· the Morse code telegraph
· advancements from the late 19th and early 20th centuries, including cranes, steam-powered transport systems (locomotives, engines or ships), and civil engineering projects such as dams, roads or bridges
engineering fields associated with nano machines, biomimicry, fluid mechanics or synthetic biology
activities and their purposes within the systems engineering process to investigate and design a mechanical system
inclusive design in mechanical engineering systems: for example, wheelchair designs, assistive devices such as prosthetic limbs and mobility aides, and water purification systems
innovations in mechanical design, such as nano machines for precision, biomimicry for nature-inspired innovation, fluid mechanics for optimised performance, or synthetic biology for bio-inspired functionalities
design thinking strategies: critical, creative and speculative
Key skills
explain historical, cultural or technical developments, and examine innovations for engineered mechanical systems
use design thinking strategies when applying the systems engineering process 
research and discuss influences on mechanical design
justify inclusive design relating to mechanical systems
explain activities and their purposes within the systems engineering process to: 
· investigate and define a problem related to inclusive design, including developing a design brief and identifying factors that influence the creation and use of a mechanical system
· generate and design mechanical systems, including creating annotated design ideas, design options and a design proposal
[bookmark: _Toc173396107]Area of Study 2
Creating mechanical systems
This area of study provides students with the opportunity to design and produce an operational mechanical system that responds to inclusive design opportunities. Students investigate fundamental mechanical engineering principles and concepts, and the components required to produce an operational system. They examine how mechanisms and simple mechanical systems provide movement and mechanical advantage, and how the specific components can be represented diagrammatically.
Using the systems engineering process, students research, design and plan a mechanical system that responds to a problem related to inclusive design. They consider factors that influence the creation and use of their system, document their findings and engage with the systems engineering process. Students make a model or prototype to test their design, perform risk assessments, and select and safely use materials, components and tools. 
Once the design proposal is confirmed, students fabricate their mechanical system using appropriate components, materials, tools and production processes. Students collect evidence of their processes, including decisions made in relation to the production. They test and modify the system to achieve optimal performance, and report on its success based on evaluation criteria. They review their use of the systems engineering process and how they accounted for factors that influenced the creation and use of their system.
Outcome 2
[bookmark: _Hlk167908634]On completion of this unit the student should be able to explain and apply basic engineering principles and concepts and engage with the systems engineering process to use components to design and produce a mechanical system that addresses a problem related to inclusive design.
To achieve this outcome the student will draw on key knowledge and key skills outlined in Area of Study 2.
Key knowledge
activities and their purposes within the systems engineering process to plan, produce and evaluate mechanical systems
[bookmark: _Hlk169013840]methods of project management that demonstrate agile design processes through iteration, adaptability, flexibility and continuous refinement
fundamental mechanical engineering principles, encompassing the function and operation of systems that include the six simple machines (lever; inclined plane; pulley; screw; wedge; and wheel and axle) and gears and linkages
identification of systems parameters
calculations on the six simple machines, and gears and linkages
input-process-output (IPO) diagrams and digital tools for simulation to represent mechanical systems and the operation of open- and closed-loop systems
mechanical feedback and control of systems
diagrammatical representation of the function of systems
system performance variations as a result of using different subsystems or components
methods and tools to test, measure performance, and monitor quality and find faults in systems, subsystems and components related to mechanical engineering design
procedures to undertake repair and maintenance of systems
hierarchy of control structure for managing risk assessment and management related to mechanical systems design
tools, materials and components to undertake production processes to produce a system compliant with Occupational Health and Safety (OHS) requirements
Key skills
explain activities within the systems engineering process and their purposes related to: 
· plan and manage the production of a mechanical system, including developing work plans and collecting records of evidence
· produce and implement the system
· evaluate the system and use of the systems engineering process
use project management skills to apply the systems engineering process to identify and select appropriate subsystems and components that will form operational systems, and produce and implement a mechanical system that responds to an inclusive design opportunity 
use appropriate engineering terms to explain the function of mechanical systems 
describe and apply Australian standards for engineering drawings, using basic drawing standards
identify and represent components and mechanical systems in symbolic form using input-process-output (IPO) diagrams and digital tools for simulation 
test, measure, record and diagrammatically represent appropriate system principles and identify system parameters to evaluate system performance
design, test and implement feedback and control systems suitable in a mechanical system
perform calculations on linkages, gears and pulleys
interpret measurements and use criteria to evaluate the system
discuss how the factors that influenced the creation and use of the system have been taken into account
suggest modifications and improvements to monitor quality, and justify and undertake appropriate repair and maintenance procedures
evaluate the use of the systems engineering process in regard to the inclusive design
justify the use of the hierarchy of control in the safe creation and operation of an engineered system
work safely with use of tools, materials and components to produce and implement a system compliant with OHS requirements
[bookmark: _Toc173396108]Assessment
The award of satisfactory completion for a unit is based on whether the student has demonstrated the set of outcomes specified for the unit. Teachers should use a variety of learning activities and assessment tasks that provide a range of opportunities for students to demonstrate the key knowledge and key skills in the outcomes.
The areas of study, including the key knowledge and key skills listed for the outcomes, should be used for course design and the development of learning activities and assessment tasks. Assessment must be a part of the regular teaching and learning program and should be completed mainly in class and within a limited timeframe.
All assessments at Units 1 and 2 are school-based. Procedures for assessment of levels of achievement in Units 1 and 2 are a matter for school decision.
For this unit students are required to demonstrate 2 outcomes. As a set these outcomes encompass the areas of study in the unit.
Suitable tasks for assessment in this unit may be selected from the following: 
a short written report: case study analysis, data analysis, media analysis or research inquiry
an oral presentation: video or podcast 
a visual presentation: graphic organiser, concept/mind map, annotated poster, or multimedia presentation 
AND
a multimodal record of evidence that documents activities within the systems engineering process using one or more of the following:
· text
· images
· simulations
· video
· audio
· teacher observation checklist.
Where teachers allow students to choose between tasks, they must ensure that the tasks they set are of comparable scope and demand.


[bookmark: _Toc173396109]Unit 3: Ethical systems design
[bookmark: _Hlk177565599]In this unit students study engineering principles to explain physical properties and functionality of integrated and controlled systems. They design and plan an operational, mechanical and electrotechnological integrated and controlled system that considers ethical design. Students also learn about the technologies used to harness energy sources to power engineered systems.
Students commence work on a project to create an integrated and controlled system that considers ethical design, using the systems engineering process. This project emphasises innovation, design, production, testing and evaluation. Students manage the project, considering factors that will influence the creation and use of their system. Their understanding of fundamental physics and applied mathematics underpins the systems engineering process, providing a comprehensive understanding of mechanical and electrotechnological systems and their functions.
Students learn about energy sources and types that enable engineered technological systems to function. They compare the use and impacts of renewable and non-renewable energy sources. Students develop an understanding of systems designed to capture and store renewable energy, and explore technological developments aimed at improving the sustainability of non-renewable energy sources.
[bookmark: _Toc173396110]Area of Study 1
Integrated and controlled system principles and design
This area of study focuses on engineering knowledge associated with the integration, calibration and control of mechanical and electrotechnological systems, including their operation and adjustment, as well as how their performance can be calculated and represented diagrammatically in a range of forms. Students use fundamental physics and applied mathematics to respond to systems engineering problems while considering ethical design. They apply theoretical concepts and principles of mechanics and electrotechnology, using the systems engineering process to design, plan and commence production of an integrated and controlled system that considers ethical design. 
Students investigate the factors that influence the creation and use of their integrated and controlled system. Students use design thinking to consider ethical design and use project management skills including agile design principles as well as collaboration and teamwork. The system commenced in Unit 3 is completed and evaluated in Unit 4 Area of Study 1.
Outcome 1
On completion of this unit the student should be able to investigate, analyse and apply concepts and principles, and use components to design, plan and commence production of an integrated and controlled mechanical and electrotechnological system that considers ethical design using the systems engineering process.
To achieve this outcome the student will draw on key knowledge and key skills outlined in Area of Study 1.
Key knowledge
activities and their purposes within the systems engineering process related to investigating, designing and planning an integrated, controlled electrotechnological, mechanical system that considers ethical design 
design thinking strategies: critical, creative and speculative
ethical design related to systems engineering 
feedback and control systems and their implementation 
diagrammatic and symbolic representations, as well as digital simulations, of both integrated and controlled systems, including mechanical and electrotechnological systems and subsystems (both open- and closed-loop) and their components
hierarchy of control structure to manage hazards in production and operation of the system
[bookmark: _Hlk169014477]engineering principles, formula and calculations related to mechanical and electrotechnological engineering 
Key skills
explain activities and their purposes within the systems engineering process related to:
· investigating and defining a problem that considers ethical design, including developing a design brief and identifying factors that influence the creation and use of an integrated, controlled system
· generating and designing an electrotechnological, mechanical system, including use of drawings for design ideas, design options and a design proposal
· planning the production of electrotechnological and mechanical systems using agile processes of iteration, adaptability, flexibility and continuous refinement, and including methods to develop work plans and collect records of evidence
use project management skills to apply the systems engineering process to design and produce controlled and integrated engineering systems 
explain factors that influence the creation and use of an integrated, controlled system
perform calculations for mechanical and electrotechnological systems
explain the operation of mechanical and electrotechnological systems using appropriate engineering principles and terminology
identify and represent mechanical and electrotechnological systems, including feedback and control systems, in diagrammatic and symbolic forms
select appropriate mechanical and electrotechnological subsystems, materials and components and produce and implement operational systems and subsystems
measure and diagnose mechanical and electrotechnological system parameters using appropriate measuring and testing equipment
construct and interpret circuit diagrams, schematics, printed circuit board (PCB) artwork, breadboard and Veroboard representations of electrical circuits, and transform one representation into another
use digital tools to simulate and demonstrate mechanical and electrotechnological principles
justify the use of the hierarchy of control in the safe creation and operation of an engineered system
[bookmark: _Toc173396111]Area of Study 2
Clean energy technologies
This area of study examines various energy sources and the application of technologies to convert these energy sources into work for engineered systems. Students assess the importance of designing systems that are beneficial to the economy, environment and society. Demand for energy to produce electricity, heating and propulsion has surged in recent years. However, the reliance on the use of non-renewable energy cannot be sustained. Consequently, there is an increased need for efficient, safe, environmentally friendly and cost-effective methods for extracting, generating, converting, transporting, storing and using power. Students use cradle to cradle (C2C) analysis to compare the benefits, limitations and impacts of using different energy sources, including wastes that are produced. They also investigate and evaluate the technologies used to harness, generate and store renewable and non-renewable energy sources, including the advancements that improve the sustainability of non-renewables. These developments include improvements in efficiency during the conversion of non-renewable resources to other types of energy, such as electricity, as well as reductions in carbon dioxide emissions through advancements in non-renewable fuel technologies and hybrid technologies. Students discuss examples of improvements in energy systems.

Outcome 2
On completion of this unit the student should be able to discuss the advantages and disadvantages of renewable and non-renewable energy sources, and analyse and critique technologies used to harness, generate and store renewable and non-renewable energy.
To achieve this outcome the student will draw on key knowledge and key skills outlined in Area of Study 2.
Key knowledge
forms of non-renewable energy sources, including nuclear energy and fossil fuels such as oil, natural gas and coal
non-renewable fossil fuels as the main source of energy supply and electricity production
forms of renewable energy sources, including biomass, geothermal, hydro, solar, tidal, wave and wind 
energy transformations through the life cycle of power supply, including harnessing or extraction, generation, conversion, transportation, storage and use
technological developments to reduce carbon emissions and improve efficiency of fossil fuels 
technologies used to harness, generate, store and transmit renewable energy sources, including wind turbine systems, solar systems, hybrid fuel cells, and combinations of these technologies
factors that determine the efficiency of energy conversion
factors in C2C analysis to determine sustainability impacts throughout a system’s life cycle
methods of harnessing energy from renewable and non-renewable sources
advantages and disadvantages, as well as optimisation and efficiency, of solar and wind power technologies
Key skills
describe forms of renewable and non-renewable energy sources
discuss advantages and disadvantages of renewable and non-renewable energy sources, including C2C analysis
discuss challenges within the renewable energy supply chain
compare advantages and disadvantages of mechanical and chemical batteries
discuss dependence on non-renewable energy and strategies for transitioning to renewable energy sources
explain recent technological developments to improve environmental credentials of non-renewable resources
analyse the technologies and processes used to harness, generate and store renewable energy sources
explain factors that determine the efficiency of energy conversion
critique solar and wind power technologies and compare these methods of harnessing energy with non-renewable energy methods

[bookmark: _Toc173396112]School-based assessment
[bookmark: _Toc173396113]Satisfactory completion
The award of satisfactory completion for a unit is based on whether the student has demonstrated the set of outcomes specified for the unit. Teachers should use a variety of learning activities and assessment tasks to provide a range of opportunities for students to demonstrate the key knowledge and key skills in the outcomes.
The areas of study and key knowledge and key skills listed for the outcomes should be used for course design and the development of learning activities and assessment tasks.
[bookmark: _Toc173396114]Assessment of levels of achievement
School-assessment Coursework
The student’s level of achievement in Unit 3 will be determined by School-assessed Coursework. School-assessed Coursework tasks must be a part of the regular teaching and learning program and must not unduly add to the workload associated with that program. They must be completed mainly in class and within a limited timeframe. 
Where teachers provide a range of options for the same School-assessed Coursework task, they should ensure that the options are of comparable scope and demand. 
The types and range of forms of School-assessed Coursework for the outcomes are prescribed within the study design. The VCAA publishes Support materials for this study, which include advice on the design of assessment tasks and the assessment of student work for a level of achievement. 
Teachers will provide to the VCAA a numerical score representing an assessment of the student’s level of achievement. The score must be based on the teacher’s assessment of the performance of each student on the tasks set out in the following table.
Contribution to final assessment
School-assessed Coursework for Unit 3 will contribute 10 per cent to the study score.
	Outcomes
	Marks allocated
	Assessment tasks

	Outcome 2
Discuss the advantages and disadvantages of renewable and non-renewable energy sources, and analyse and critique technologies used to harness, generate and store renewable and non-renewable energy.
	50
	Any one or a combination of the following:
· short written report: media analysis or case study 
· multimedia/simulation presentation or report
· oral presentation: video or podcast

	Total marks
	50
	




[bookmark: _Toc173396115]Unit 4: Systems production and innovative technologies
In this unit, students complete the creation of mechanical and electrotechnological integrated and controlled systems that consider ethical design. They researched, designed, planned and began production of these systems in Unit 3.
Students investigate new and emerging technologies, consider reasons for their development and speculate on their potential future impacts.
Students continue to use the systems engineering process to produce their mechanical and electrotechnological integrated and controlled system that considers ethical design. Students develop their understanding of the open-source model in the development of integrated and controlled systems, and attribute and document its use in their designs. They document the use of project and risk management methods throughout the creation of the system. They use a range of materials, tools and components. Students test, diagnose and analyse the performance of the system, and evaluate the system as well as their use of the systems engineering process.
Students broaden their understanding of emerging developments and innovations by investigating and analysing the processes, components and products in a range of engineered systems, including their impacts.
[bookmark: _Toc173396116]Area of Study 1
Producing and evaluating integrated and controlled systems
This area of study focuses on the development of the integrated and controlled system that considers ethical design, which students researched, designed and planned in Unit 3 Area of Study 1. They implement the plan to continue the production. The completed operational system will demonstrate a range of theoretical concepts and principles studied in Units 3 and 4. Students support the production, testing, diagnosis and evaluation of their systems, subsystems and use of components with appropriate documentation and  reference to technical data. In their evaluation they refer to the systems engineering process and the factors that have influenced the creation and use of the system, which considers ethical design. Students also consider improvements that could be made to both the system and their application of the systems engineering process.  
Outcome 1
On completion of this unit the student should be able to evaluate and critique their production, test and diagnose processes and justify a mechanical and electrotechnological integrated and controlled system that considers ethical design using the systems engineering process, and manage, document and evaluate the system and the process, as well as their use of it.
To achieve this outcome the student will draw on key knowledge and key skills outlined in Area of Study 1.
Key knowledge
Australian and international standards, specifications, data sheets, safety data sheets and technical data manuals
the role of open-source models in the development of integrated and controlled systems and fair acknowledgment
feedback and control systems
production processes used to implement a work plan, including simple and complex operations
risk assessment and management at all stages of production and the intended use of the system
hierarchy of controls to manage hazards in production and operation of the system
methods of using components, materials and tools in compliance with Occupational Health and Safety (OHS) requirements
performance characteristics of the system and the impact of substituting sub-systems or components
methods and tools to measure, test and find faults in systems, sub-systems and components
diagnostic practices, maintenance procedures and repair of systems and sub-systems
methods to evaluate systems
Key skills
apply the systems engineering process to produce, test, diagnose, evaluate and report on the integrated and controlled system that considers ethical design by:
· implementing the work plan using a range of production processes
· applying and documenting risk assessment and management processes
· selecting and using components, materials and tools in compliance with OHS requirements
· [bookmark: _Hlk188263171]managing and implementing production work by using and recording ongoing evaluation, and reflecting on and justifying decision-making, relevant data and modifications
· testing, measuring, diagnosing and repairing or modifying systems, and undertaking appropriate repair and maintenance procedures, while recording system parameters to monitor quality and optimise performance
· measuring, recording and diagrammatically representing appropriate system parameters
· using criteria and interpreting measurements to evaluate the system
interpret and explain circuit diagrams, schematics, printed circuit board (PCB) artwork, breadboard and Veroboard representations of electrical circuits, and transform one representation into another
evaluate the performance of feedback and control systems and subsystems to find improvements
explain how the factors that influenced the creation of the system and its use have been taken into account
justify the use of the hierarchy of control in the safe creation and operation of an engineered system
evaluate the use of the systems engineering process
[bookmark: _Toc173396117]Area of Study 2
New and emerging technologies
This area of study focuses on new and emerging systems engineering technologies and processes that have been developed within the last eight years preceding the year of study, or that are in the developmental stages and may not yet be commercially available. Students consider scientific, technological, environmental, economic, and societal and human factors that led to the development of these new and emerging technologies and develop an understanding of how they operate and are used. They speculate on the likely impacts and resulting advantages and disadvantages of the systems in relation to social, economic environmental and other ethical factors and worldviews. The new and emerging developments may be exhibited in, or intended for use in, defence operations, aerospace, health, sports and enhancement of human physical capabilities, security and intelligence gathering, robotics and automation, metrology, transportation and education, or combinations of these. Many of these developments are made possible through the use of digital tools. The new and emerging technology must not be the same as that studied in Unit 3 Area of Study 2.
Outcome 2
[bookmark: _Hlk192582828]On completion of this unit the student should be able to evaluate a range of new and emerging systems engineering technologies and analyse and critique likely impacts of these selected technologies.
To achieve this outcome the student will draw on key knowledge and key skills outlined in Area of Study 2.
Key knowledge
new and emerging developments in systems engineering products and components, how they work and their applications
new and emerging developments in systems engineering processes that improve economic and environmental sustainability, efficiency and risk management
reasons for and drivers of the development of the new and emerging technologies, including discoveries, new materials, technology convergence and new manufacturing methods and processes
positive and negative impacts and the future potential of the new and emerging developments
Key skills
research and evaluate the operations and applications of new and emerging developments in systems engineering processes and products
explain reasons for and drivers of the development of new and emerging technologies
analyse and critique impacts and the potential of the new and emerging developments
analyse and present information about new and emerging systems engineering innovation
[bookmark: _Toc173396118]School-based assessment
[bookmark: _Toc173396119]Satisfactory completion
The award of satisfactory completion for a unit is based on whether the student has demonstrated the set of outcomes specified for the unit. Teachers should use a variety of learning activities and assessment tasks to provide a range of opportunities for students to demonstrate the key knowledge and key skills in the outcomes.
The areas of study and key knowledge and key skills listed for the outcomes should be used for course design and the development of learning activities and assessment tasks.
[bookmark: _Toc173396120]Assessment of levels of achievement
The student’s level of achievement in Unit 4 will be determined by School-assessed Coursework and a School-assessed Task.
School-assessed Coursework
School-assessed Coursework tasks must be a part of the regular teaching and learning program and must not unduly add to the workload associated with that program. They must be completed mainly in class and within a limited timeframe.
Where teachers provide a range of options for the same School-assessed Coursework task, they should ensure that the options are of comparable scope and demand.
The types and range of forms of School-assessed Coursework for the outcomes are prescribed within the study design. The VCAA publishes Support materials for this study, which include advice on the design of assessment tasks and the assessment of student work for a level of achievement.
Teachers will provide to the VCAA a numerical score representing an assessment of the student’s level of achievement. The score must be based on the teacher’s assessment of the performance of each student on the tasks set out in the following table.
Contribution to final assessment
School-assessed Coursework for Unit 4 will contribute 10 per cent to the study score.
	Outcomes
	Marks allocated
	Assessment tasks

	Outcome 2
Evaluate a range of new and emerging systems engineering technologies and analyse and critique likely impacts of these selected technologies.
	50
	Any one or a combination of the following:
• written report: case study or media analysis
• multimedia/simulation presentation or report
• oral presentation: video or podcast

	Total marks
	50
	




[bookmark: _Toc173396121]School-assessed Task
The student’s level of achievement in Outcome 1 in Unit 3 and Outcome 1 in Unit 4 will be assessed through a School-assessed Task. For this assessment, teachers will provide to the VCAA a score representing an assessment of the student’s level of performance in achieving Outcome 1 in Unit 3 and Outcome 1 in Unit 4 according to criteria published by the VCAA.
Contribution to final assessment
The School-assessed Task contributes 50 per cent to the study score. 
	Outcomes
	Assessment tasks

	Unit 3 Outcome 1
Investigate, analyse and apply concepts and principles, and use components to design, plan and commence production of an integrated and controlled mechanical and\ electrotechnological system that considers ethical design using the systems engineering process.

	A multimodal record of evidence of:
· investigation, design, planning and production  
AND
· preliminary production work to create a mechanical and electrotechnological integrated and controlled system.

	Unit 4 Outcome 1
Evaluate and critique their production, test and diagnose processes and justify a mechanical and electrotechnological integrated and controlled system that considers ethical design using the systems engineering process, and manage, document and evaluate the system and the process, as well as their use of it.
	Completion of production work accompanied by a record of evidence of progress and modifications (images, video, audio, text, checklists). 
AND
A record of diagnostic testing and performance data. 
AND
A report that evaluates and suggests improvements to the system, with reference to the factors that influenced its creation, and to the student’s use of the systems engineering process.


[bookmark: _Toc173396122]External assessment
The level of achievement for Units 3 and 4 is also assessed by an end-of-year examination.
[bookmark: Examination][bookmark: _Toc173396123]End-of-year examination
Contribution to final assessment
The examination will contribute 30 per cent to the study score.
Description
The examination will be set by a panel appointed by the VCAA. All the key knowledge and key skills that underpin the outcomes in Units 3 and 4 are examinable.


Conditions
The examination will be completed under the following conditions:
Duration: 1.5 hours 
Date: end-of-year, on a date to be published annually by the VCAA
VCAA examination rules will apply. Details of these rules are published annually in the VCE Administrative Handbook
The examination will be marked by assessors appointed by the VCAA.
[bookmark: _Toc21953279]Further advice
The VCAA publishes specifications for all VCE examinations on the VCAA website. Examination specifications include details about the sections of the examination, their weighting, the question format(s) and any other essential information. The specifications are published in the first year of implementation of the revised Unit 3 and 4 sequence together with any sample material.
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