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Rationale

For the purposes of the Software Design and Development Stage 6 Syllabus, software design and development refers to the creativity, knowledge, values and communication skills required to develop computer programs. The subject provides students with a systematic approach to problem-solving, an opportunity to be creative, excellent career prospects and interesting content. Software development is a distinctive field within the Computing discipline. Stage 6 students who wish to move into this field are at an advantage if they understand the field.

There are many different approaches that can be taken to develop software. An understanding of these and the situations in which they are applied is essential in software development. It is also important to have an understanding of how hardware and software are interrelated and need each other to function. In order to develop solutions that meet the needs of those who will use them, communication, personal and team skills are required by the developers. Together, these considerations provide the basis for the course. Computing is an area of rapid growth and change. While a variety of computer applications are used in this subject, they are not the primary focus. The focus of this subject is the development of computer-based solutions that require the design of computer soft-ware.

Students interested in the fields of software development and computer science will find this subject of value. The subject is not only for those who seek further study or careers in this field, but also for those who wish to understand the underlying principles of software design and development. Students with software development skills wishing to acquire team and communication skills will find this subject useful. The subject is intended for both genders. The computing field, particularly in the area of software design and development, offers opportunities for creativity and problem-solving and a collaborative work environment where working with people and exploring issues is an integral part of the job. It is critical that students of both genders have the knowledge, understanding and skills necessary to pursue the many new, exciting and highly paid employment opportunities that exist in the field.

Software Design and Development promotes intellectual, social and ethical growth in students. The subject has been developed from an area of identified student interest. It provides them with the flexibility to be able to adapt in a field that is constantly changing, yet vital to the Australian economy. On completion, the subject provides students with options in the workforce, TAFE and university study. Study of this subject will enable students to take part in debates on software development in society. To this end, Software Design and Development contributes to the overall purpose of the Stage 6 curriculum.

Much of the learning that takes place in the course has a project-based nature. Where possible, projects will have a real purpose and will follow a real software development cycle. The authentic nature of this work reinforces elements of the NSW Quality Teaching framework.
Aim
The Software Design and Development Stage 6 Syllabus is de-signed to develop in students the knowledge, understanding, skills and values to solve problems through the creation of software solutions.
Objectives
Students will develop:

· knowledge and understanding about how software solutions utilise and interact with other elements of computer systems

· knowledge and understanding of the historical developments that have led to current practices in software design and development, and of emerging trends and technologies in this field

· knowledge and understanding of legal, social and ethical issues and their effect on software design and development 

· skills in designing and developing software solutions 

· skills in management appropriate to the design and development of software solutions

· skills in teamwork and communication associated with the design and development of software solutions.
Course structure
The following table provides an overview of the arrangement and relationship between components of the Preliminary course and the HSC course for Soft-ware Design and Development Stage 6. The percentage values refer to indicative course time. 

	Preliminary Course 

Core strands (100% total time)

Concepts and Issues in the Design and Development of Software 30%

Social and ethical issues

Hardware and software

Software development approaches

Introduction to Software Development 50%

Defining the problem and planning software solutions

Building software solutions

Checking software solutions

Modifying software solutions

Developing Software Solutions 20%
	HSC Course

Core strands (80% total time)

Development and Impact of Software Solutions 15%

Social and ethical issues

Application of software development

Software Development Cycle 40%

Defining and understanding the problem

Planning and design of software solutions

Implementation of software solutions

Testing and evaluation of software solutions

Maintenance of software solutions

Developing a Solution Package 25%

Options 20% One of the following options:

Evolution of programming languages  OR
The software developer’s view of the hardware


Objectives and outcomes

	Objectives Students will develop:
	Preliminary outcomes. A student:
	HSC outcomes. A student:

	1. knowledge and understanding about how software solutions utilise and interact with other elements of computer systems
	P1.1 describes the functions of hardware and software

P1.2 describes and uses appropriate data types

P1.3 describes the interactions between the elements of a computer system
	H1.1 explains the interrelationship between hardware and software

H1.2 differentiates between various methods used to construct software solutions

H1.3 describes how the major components of a computer system store and manipulate data

	2. knowledge and understanding of the historical developments that have led to current practices in software design and development, and of emerging trends and technologies in this field
	P2.1 describes developments in the levels of programming languages

P2.2 explains the effects of historical developments on current practices
	H2.1 describes the historical development of different language types

H2.2 explains the relationship between emerging technologies and software development

	3. knowledge and understanding of legal, social and ethical issues and their effect on software design and development
	P3.1 identifies the issues relating to the use of software solutions
	H3.1 identifies and evaluates legal, social and ethical issues in a number of contexts

H3.2 constructs software solutions that address legal, social and ethical issues

	4. skills in designing and developing software solutions
	P4.1 analyses a given problem in order to generate a computer-based solution

P4.2 investigates a structured approach in the design and implementation of a software solution

P4.3 uses a variety of development approaches to generate software solutions and distinguishes between these approaches
	H4.1 identifies needs to which software solutions are appropriate

H4.2 applies appropriate development methods to solve software problems

H4.3 applies a modular approach to implement well structured software solutions and evaluates their effectiveness

	5. skills in management appropriate to the design and development of software solutions
	P5.1 uses and justifies the need for appropriate project management techniques

P5.2 uses and develops documentation to

communicate software solutions to others


	P5.1 uses and justifies the need for appropriate project management techniques

P5.2 uses and develops documentation to communicate software solutions to others

	6. skills in teamwork and communication associated with the design and development of software solutions
	P6.1 describes the role of personnel involved in software development

P6.2 communicates with appropriate personnel throughout the software development process

P6.3 designs and constructs software solutions with appropriate interfaces
	H6.1 assesses the relationship between the roles of people involved in the software development cycle

H6.2 communicates the processes involved in a software solution to an inexperienced user

H6.3 uses a collaborative approach during the software development cycle

H6.4 develops effective user interfaces, in consultation with appropriate people


Preliminary course assessment grid

	No
	Task name
	Type
	Value
	Timing

	1
	Programming Practical Task (Intermediate)
	Practical task
	20
	Term 1

Week 9

Topics: 8.1

	2
	Half Yearly Exam (Optional)
	Examination: 70 minutes
	0
	Term 2

Weeks 1–2

Topics: 8.1–8.2.1

	3
	Programming Practical Task (Advanced)


	Practical Test
	20
	Term 2

Week 8

Topics: 8.1, 8.2, 8.3

	4
	Yearly Preliminary Exam
	Examination: 110 minutes
	30
	Term 3

Weeks 8–9

Topics: All

	5
	Major Project
	Prac Project Folio: Libraries of code and algorithms 
	30
	Term 4

Week 1

Topics: All

	Total 
	
	
	100
	40


Assessment Schedule

	Course Component/Mode
	Syllabus Weighting %
	Task 1


	Task 2 (Optional)
	Task 3
	Task 4
	Task 5

	
	
	Term 1: 20XX

Week 9      
	Term 2: 20XX

Weeks 2–3
	Term 2: 20XX

Week 4   
	Term 3: 20XX

Week 5   
	Term 3: 20XX

Weeks 10–11

	
	
	Practical Programming task
	Half Yearly Exam
	Group Project
	Major Programming Project
	Yearly Exam

	Knowledge and understanding about hardware and software, software development approaches, software development processes, social and ethical issues


	30
	
	0
	
	
	30

	Design and development of software solutions


	35
	10
	
	10
	15
	

	Project management techniques, including documentation, teamwork and communication


	15
	
	
	5
	10
	

	Project(s)
	20
	
	
	
	20
	

	Total:
	100
	10
	0
	15
	45
	30

	Outcomes Assessed
	
	P1.1 P1.2  P2.2 P3.1 P4.1 P4.2 P4.3 P5.1 P5.2 P6.1 P6.2
	P1.1 P1.2 P1.3 P2.1 P2.2 P3.1 P4.1 P4.2 P4.3 P5.1 P5.2 P6.1 P6.2
	P1.1 P1.2 P2.2 P3.1 P4.1 P4.2 P4.3 P5.1 P5.2 P6.1 P6.2
	P1.1 P1.2 P2.2 P3.1 P4.1 P4.2 P4.3 P5.1 P5.2 P6.1 P6.2
	P1.1 P1.2 P1.3 P2.1 P2.2 P3.1 P4.1 P4.2 P4.3 P5.1 P5.2 P6.1 P6.2


Scope and Sequence

	Unit 1: Theory/Practical 8.1.3
	Algorithms

Strategies: 

· Deliver theory of Algorithm description – Flowcharts and Pseudocode

· Deliver the theory of Control Structures – Sequence, Selection, Repetition

Activity: 

· Practice writing algorithms and then coding the solutions in an API. Use the SDD problem solving approach.

	Unit 2: Theory/Practical 8.1.1
	Ergonomics

Strategies:

· Deliver theory for topic

Activity:

· Design a home office

· Design the perfect Computer Lab

	Unit 3: Theory/Practical 8.1.1
	Intellectual Property and Inclusivity

Strategies:

· Deliver the theory for the topic

Activity: 

· Create a webcast (Podcast)

	Unit 4: Theory/Practical 8.1.2
	Hardware & Software

Strategies:

· Deliver the theory for the topic

Activity: 

· Review 3 different pieces of software evaluate their effectiveness.

	Unit 5: 8.1.3
	Software Development Approaches

Strategies:

· Consolidate the development of Algorithms introducing the various approaches to software development. 

Activities: 

· Practice writing algorithms and then coding the solutions in an API. Use the SDD problem solving approach.

	Unit 6: 8.2.1
	Defining the Problem and Planning Software Solutions

Strategies: 

· Deliver the theory for the topic

Activities:

· Develop the documentation for the solution to a programming problem using the structured approach.

· Develop a solution to the problem in an approved language.


	Unit 7: 8.2.2
	Building Software Solutions

Strategies:

· Deliver the theory for Meta-Languages

· Deliver the theory for Error correction and code libraries

Activities:

· Develop the meta-language syntax for a made up language including all control structures and data types.

· Have students code examples that will give the desired errors, stubs and flags as well as debugging techniques.

	Unit 8: Theory/Practical 8.2.2
	Building Software Solution

Strategies: 

· Deliver the theory for the topic

Activities:

· Develop the user interface for the program taking into account all aspects of user interfaces.

· Develop the documentation for the program.

	Unit 9: Theory/Practical 8.2.3
	Checking Software Solutions

Strategies:

· Deliver the theory for the topic

Activities:

· Test the program using appropriate test data and techniques.

· Fully evaluate the solution. Does it meet the requirements of the initial design?

	Unit 10: Theory 8.2.4
	Modifying Software Solutions

Strategies:

· Deliver the theory for the topic

Activities:

· Discus the reasons for maintaining code and the included features that will make it easier to do so.

· Expose students to good and badly written code and ask them to find the errors and correct them to give the desired results.

	Unit 11: Theory/Practical
	Developing Software Solutions

Strategies:

· Deliver the theory for the topic

Activities:

· Have students apply their knowledge to the development of a major project that uses the Software Development Cycle and implements the specified steps in Developing Software Solutions.


Social and ethical issues
This topic identifies social and ethical issues that arise in the development and use of software. Students should be made aware of these issues early in the course so that they can act in a socially responsible and ethical way throughout the course. Although these issues are taught specifically as part of this topic, they should also be reconsidered as each new topic is discussed. Thus, for example, interface design issues, duplication of code or ideas, language used in documentation should all be considered again at relevant parts in the course.
Outcomes

A student:

P2.2
explains the effects of historical developments on current practices

P3.1
identifies the issues relating to the use of software solutions

P6.1
describes the role of personnel involved in software development.
Resources
· Software Licences

· Review software designed for different demographics and evaluate their appropriateness

	Concepts and Issues in the Design and Development of Software. Social and ethical issues (8.1.1)

	Content
	Focus Questions
	Outcomes
	Activities
	Registration

	Ergonomics (suggested timing: 8 hours)

	effects of prolonged use of software, including RSI and injuries created by overuse 
procedures to prevent and minimise injuries ergonomically designed and placed equipment 
ergonomic issues regarding software design:

· acceptable response time in software

· user friendly software, including:

· ease of use

· appropriate messages to the user

· consistency of the user interface


	· identify sound ergonomic practices when using computers.

· assess the ergonomic needs of the user when developing software.
	· P3.1

· P6.1
	Use a type tutor program, place equipment in best ergonomic position, adopt correct posture and correct keyboard fingering

Do stretches and exercises that prevent and minimise injuries

Research and produce a word processed report or PowerPoint, Adobe Presenter, Flash and Captivate presentation on over-use injuries: eye strain, carpal tunnel syndrome, occupational overuse syndrome (OOS)
Procedures: regular breaks, exercise, proper eating, ergonomically designed hardware, its placement and the work space

Review a range of software packages performing a similar task (such as Typing Tutors). Produce a report that compares and ranks them according to:
· Acceptable response time

· Ease of use

· Appropriateness of messages

· Consistency of the user interface with accepted norms

State the main ergonomic goal of the developers (using the above criteria) when developing the package reviewed.

Develop a measure of acceptable response times for tasks such as user feedback; disk access etc based on software use, presentation of help screens etc.
	

	Intellectual property (suggested timing: 8 hours)

	Software license agreements:

· License terminology

· Legal aspects

· Use of software covered by a licence agreement

Origin of software design ideas: 

· Evolution of existing concepts, including:

· GUI interface 

· Search engines

· New and exciting approaches:

· visicalc

· web browsers

· presentation software
· Developments that have led to the need for software license agreements:

· ease of reproduction and copy

· collaborative development history

· the current open environment of the Internet

· sources of code and conditions that apply:

· the Internet

· books and magazines

· shareware
	· debate the issues relating to intellectual property
	· P3.1
· P6.1


· P2.2

	Rewrite an End User Licence Agreement (EULA) in easy to understand language that conveys the same meaning.

Produce a file or database (if students are already familiar with the use of such software) of terminology associated with software licences (include explanations of shareware and public domain). This electronic form will be easily updateable as new terms are learnt.

Identify how copyright may be inadvertently breached in a number of given scenarios that students are familiar with. Explore creative commons and other copyright arrangements

Produce wall displays of the software licence agreements for the software used in the computer room.

Comment on the responsibilities on software developers to produce code that is error free, virus free, reliable, and well documented — in return for software licences

Use graphical software to develop a time-line of developments in:
· GUI interfaces

· Search engines

· Visicalc and other spreadsheet software

· Web browsers

· Presentation software

Discuss why we have software licences
	

	Inclusivity
	
	
	
	

	the need for software design and development to be inclusive:
· cultural perspectives

· economic perspectives

· social perspectives

· gender perspectives

· disability perspectives
the general strengths brought to the field of software design and development, including:

· communication skills

· ability to work in teams

· creativity 

· design skills

· problem-solving skills

· attention to detail
	· evaluate existing software interfaces in terms of its inclusivity
	· P3.1

· P6.1
	Identify software sources, and compare the relative value of each

Identify features in a range of software packages that cover or address particularly well

· cultural perspectives

· economic perspectives

· social perspectives

· gender perspectives

· disability perspectives
Produce a report, word processed or in other form, which contains relevant screen shots.
The skills needed for the development of software 

Discuss the relevance of each skill in the development of each of the software packages used in the above exercise.
	


Hardware and software

This topic is intended to introduce two of the components of a computer system, hardware and software. Hardware and software are two different but dependent components of a computer system — they cannot be used in isolation. This topic looks at the different parts of a computer system and their relationship to software design. 

Outcomes

A student:

P1.1
describes the functions of hardware and software 

P1.3
describes the interactions between the elements of a computer system

P2.1
describes developments in the levels of programming languages 

P2.2
explains the effects of historical developments on current practices

P3.1
identifies the issues relating to the use of software solutions

P6.1
describes the role of personnel involved in software development. 
Resources

· Computer system pulled apart and analysed.

· IT Magazines and newspaper, discus current and future trends
	Concepts and Issues in the Design and Development of Software. Hardware and Software (8.1.2)

	Content
	Focus Questions
	Outcomes
	Activities
	Registration

	Hardware (suggested timing: 8 hours)

	the function of hardware within a computer system, namely:

· input

· output

· process

· storage

· control
the operation of a variety of input devices, output devices, storage devices and CPU components
the current trends and developments in computer hardware
	· describe how data is captured, stored and manipulated on a variety of hardware devices

· competently use computer hardware, selecting appropriate hardware for specific tasks
	· P1.1

· P1.3

· P2.2
	Produce posters and wall displays generated using appropriate software, describing the operation of various items of computer hardware

Divide the class into groups. Nominate hardware devices to be studied and allocate them to the groups

Select devices that cover all hardware functions, including the CPU

Select new and emerging technologies for example; 

Input:  keyboard, mouse, scanner, digital camera, push button telephone
Research the operation, purpose and historical developments of the nominated device

Use the Internet.
May use redundant hardware as basis for displays

Ensure that all groups have a consistent approach to screen design, with common fonts, sizes, heading formats, etc.

Using the posters and displays as source material, all students complete a table that explains the operation, purpose and developments in the listed hardware devices.
	

	The relationship between hardware and software (suggested timing: 8 hours)

	processing of software instructions by: 
· hardware

· the ‘fetch-execute’ cycle 

· the initiation and running of an application

· start fetch-execute cycle 

· locate on disk

· load into RAM

· display the start screen

· wait for user input

the existence of minimum hardware requirements to run some software

elements of a computer system, including:

· hardware

· software

· data

· procedures 

personnel and their role in software design and development
	· identify the elements of a computer system

· describe the significance of each element in the software solution using a case study approach


	· P1.1

· P1.3

· P6.1
	Create a schematic diagram of a computer system in terms of the components: hardware, software, data, procedures and personnel.

Show on the diagram the role played by each of the components in the design and development of software

Show (with arrows) the steps in initiating and running an application

Define the steps in the fetch-execute cycle. Using CPU simulation software, explore the fetch-execute cycle

Interpret the minimum hardware requirements for a given software application and state why they exist.

Use HSC On-line computer technologies tutorial to explain integer representation in decimal, binary, octal and hexadecimal
	


Software development approaches

There are a number of different approaches that can be taken when developing software. Four are prescribed for study in this course. The approach used for a given software solution will reflect the level of ability of those developing the software, its purpose and its users. There are many ways in which software is commercially developed, from an ad-hoc approach to a formalised structured approach. This topic introduces students to some of the alternative approaches and the relevance of each.

Outcomes

A student:

P2.2
explains the effects of historical developments on current practices

P3.1
identifies the issues relating to the use of software solutionsP4.1
analyses a given problem in order to generate a computer-based solution

P4.2
investigates a structured approach in the design and implementation of a software solution

P4.3
uses a variety of development approaches to generate software solutions and distinguishes between these approaches 

P6.1
describes the role of personnel involved in software development.
Resources
· Mediator Multimedia RAD

· Review Delphi and Visual Basic and Code Warrior
· Review appropriate development packages, e.g. Access, Excel

	Concepts and Issues in the Design and Development of Software. Software development approaches (8.1.3)

	Content
	Focus Questions
	Outcomes
	Activities
	Registration

	The prototyping approach to software solutions (suggested timing: 4 hours)

	characteristics of the prototyping approach, including:

· non-formal

· shorter time period

· small-scale projects 

· small budgets

involvement of personnel, including:

· programmer and users

· links with structured approach
	· design and develop a limited prototype as a demonstration of a solution to a specified problem


	· P4.1

· P6.1
	Historical events that led to the development of this approach (Projects for users who are unable to clearly identify what their requirements are, or even visualise a possible solution)

Case study on the application of the prototyping approach to a project, such as the development of an address book for an individual

Focus on the personnel involved in the case study and their skill levels

Focus on issues faced by personnel in the case study - the assistance users will need in comparing possible solutions

Identify the characteristics of the prototype approach in the case study

Note the eventual use of the prototype in the solution - is it further developed or is it discarded?

Note that prototype development still can use the same steps as in the structured cycle

Discuss the use of a prototype as a design step in the VB guess a number exercise, or the AFL calculator
	

	characteristics of the rapid approach, including:

· lack of formal stages

· coding languages used 

· relationship of programmer to end user

· short time period

· small-scale projects

· low budgets

involvement of personnel, including

· developer and end user
	· use an existing software package to develop a customised solution
	· P3.1

· P6.1
	Historical events that led to the development of this approach (The need for solutions in a hurry that make use of existing application software)

Implement a simple address book using database software

Discuss the number of MS Access-based applications in medical, dental and allied practices… their similarities and differences and how a skill set can be used to produce a custom application cheaply.

Case study on the application of the rapid application development approach to a project such as the address book developed using database software

Focus on the personnel involved in the case study and their skill levels

Focus on the issues faced by the personnel in the case study such as approved use of application software, and the appropriateness of the solution to meet their needs

Identify the characteristics of the rapid application development approach in the case study
	

	characteristics of the end user approach, including:

· use of standard software packages

· lack of formal stages

· short time period

· potential long-term, small-scale project

· low budgets

· end user is the developer
	· select appropriate software development approaches for specific purposes

· 
	· P3.1

· P6.1
	Historical events that led to the development of this approach

Development of applications by users to overcome the frustration of long delays if programming departments too busy to develop solutions.
Widespread usage of personal computers led to greater computing power for the individual, and far greater potential for them to develop their own applications)

Case study on the application of the end user approach to software development, such as software developed within the school

Focus on the personnel involved in the case study and their skill levels

Focus on the issues faced by the personnel in the case study — able to develop solutions specifically to meet their needs, but is the solution effective, well tested, well documented, easily able to be modified?

Identify the characteristics of the end user approach in the case study
	


Defining the problem and planning software solutions

In planning a solution, students need to understand the problem to be solved and how the solution will be used. In this topic, students will consider all aspects of the solution before starting its implementation. The selection of data types and structures used in the solution of a problem can have a huge impact on the effectiveness of that solution. A variety of data types and structures are introduced in this topic and appropriate algorithms should be developed and implemented that make best use of these. As algorithms become more complex, there is a need for a methodical top-down approach with progressive refinement of detail. It is important that algorithms use the control structures as specified in Methods of Algorithm Description (see page 56). Problems should be selected at a level of difficulty commensurate with the ability level of students.

Outcomes

A student:

P1.2
describes and uses appropriate data types

P1.3
describes the interactions between the elements of a computer system

P2.2
explains the effects of historical developments on current practices

P3.1
identifies the issues relating to the use of software solutions

P4.2
investigates a structured approach in the design and implementation of a software solution

P4.3
uses a variety of development approaches to generate software solutions and distinguishes between these approaches 

P5.2
uses and develops documentation to communicate software solutions to others. 
Resources
Programming exercise sheets (http://Wiki.lessonexchange.org.au), HSC online

	Introduction to software development: Defining the problem and planning software solutions

	Content
	Focus Questions
	Outcomes
	Activities
	Registration

	Defining the problem (suggested timing: 4 hours)

	understanding the problem

identification of inputs and required outputs

determining the steps that, when carried out, will solve the problem

the top-down approach to solution development

refinement of a proposed solution

modification of an existing solution
	· determine the inputs and outputs required for a particular problem

	· P3.1


	Play the game ‘guess a number’ with the entire class. Use the board to record the activity, using boxes to hold the users guess and the current total of guesses.

Provide student with a clear description of the problem. Have them identify:
· inputs to the program
· the outputs from the program

· the variables required by the program

· steps required (control structures) in the solution of the problem

Check students have correctly completed the previous step. If not, assist. Provide parts of the solution to assist students.
	

	Abstraction/Refinement (suggested timing: 4 hours)

	
	· develop a systematic approach to the development of a solution
	· P4.3
	Describe the need for test data and have class suggest a valid set, and justify their choices.

Introduce the concept of random numbers as a way to generate random events. 

Explain how a random number generator works, and give the syntax for Basic’s random number generator. Also explain the need for the Randomise Timer statement in Q-Basic.
Have students develop an algorithm. Assist as needed.

Understanding the problem

Processing of sequential files

Internal documentation of code

Techniques for the correction of errors


For the following scenario, students interpret what is required: An application is required that will display help information. The help information is to be stored in a file on disk. To speed up the development of a solution, the solution is not required to create the data file. A word processor will be used to do this.

Ensure that the software license for the relevant word processor allows this as an appropriate use of the word processor

Students complete a data dictionary of the variables required, using appropriate software (such as tables in Word or a spreadsheet, for example)

Students suggest processes and develop an algorithm (Present Q-Basic and Pascal syntax (using either railroad diagrams, BNF or EBNF) for opening files, reading from them and closing them.

Students implement their solutions as code, considering:
· Good screen design

· User interface

· Sequential file access

· The structure of the file to be accessed, i.e. each line ends with a carriage return

Students create the file to be displayed with a word processor — remembering the structure required by the solution

	

	Data types (suggested timing: 4 hours)

	data types used in solutions, including:

· integer

· string

· floating point

· Boolean

· date and currency format

· data structures, including:

· one-dimensional array

· record

· sequential files

· limits of particular data types

· integer representation in binary, decimal, octal and hexadecimal

· the impact of hardware/software limits on different data types
	· select the most appropriate data type for the solution to a particular problem and discuss the merit of the chosen type


	· P1.2

· P1.3
· P3.1
	Students use simple programs (provided in the appendix) which test Q-Basic’s limits, including:
· Integer overflow

· Arithmetic with very big and very small numbers

· String variable limits

· Problems that investigate expressions, including;

· Arithmetic operators (including exponentiation & modulus)

· Order of precedence

· String concatenation

For a simple problem such as a program that gets the name and age of two people and tells who is older, document the variables used using spreadsheet software to generate a table with the following column headings: variable name; variable type; variable purpose; an example of content.


	

	Structured algorithms (suggested timing: 16 hours)

	methods for representing algorithms:

· pseudocode

· flowcharts

· control structures:

· sequence

· selection (binary, multiway)

· iteration (pre-test, post-test), including: for … next loops

· software structure

· subroutines

· modularity

· use of standard algorithms, including:

· load and print an array process records from a sequential file

· checking the algorithm for errors

· historical events that led to the development of a structured approach to algorithm design
	· interpret and create algorithms represented in both pseudocode and flowcharts

· identify control structures in an algorithm

· detect logic errors in an algorithm by performing a desk check

· gather solutions from a number of sources and modify them to form an appropriate solution to a specified problem
	· P2.2

· P4.2

· P4.3

· P5.2
	Use model trains (or cars) to solve transport problems (see support notes).

Introduce flowchart symbols. Have students draw flowcharts for situations such as making a cup of tea, washing the dog. Use Word’s flowchart-draw features to produce them.

Introduce each control structure, one at a time. For each, show flowchart and pseudocode representation.

Give students an algorithm such as a treasure hunt around the school. Have them identify control structures in the algorithm. Have them carry out the algorithm.

Give students algorithms with logical errors and have students identify them by searching each path.

Give students algorithms with structural errors and have them identify each error.

Students to research the historical events that led to the adopting of a structured approach - Use the Internet to determine the contribution of Yourdon and Dykstra
	


Building software solutions

The building phase could involve a range of activities from modifying existing code to the development of new code. In order to build a solution, students need to understand the syntax of the chosen language. Careful consideration needs to be given to the language used to implement solutions. The chosen language should be one that best reinforces the design concepts being taught, not one that is currently fashionable. In some cases, this may be a scripting language for an applications package. Language choice will also be affected by the type of translation to be used, and whether or not a sequential or an event-driven approach is to be used. It is recognised that in a school environment, the choice of language may well be limited by the skills and resources available. It is important, however, that any language used meet the course requirements as specified in Software Specifications (see page 56). For every algorithm that is implemented, the specified user interface will need to be developed along with documentation that explains what has taken place during the building phase. Relevant social and ethical issues should be revisited, particularly with reference to appropriate interface design, language used in the interfaces and issues related to using others’ designs and software.

Outcomes

A student:

P1.2
describes and uses appropriate data types

P1.3
describes the interactions between the elements of a computer system

P3.1
identifies the issues relating to the use of software solutions

P4.2
investigates a structured approach in the design and implementation of a software solution

P4.3
uses a variety of development approaches to generate software solutions and distinguishes between these approaches 

P5.1
uses and justifies the need for appropriate project management techniques

P5.2
uses and develops documentation to communicate software solutions to others 

P6.1
describes the role of personnel involved in software development

P6.2
communicates with appropriate personnel throughout the software development process

P6.3
designs and constructs software solutions with appropriate interfaces.
Resources
· Programming exercise sheets.

· Students store their programs and compile a library of source code.

· Review a number of good and bad software packages and critique their good and bad design features.
· Software manuals.
	Introduction to software development: Defining the problem and planning software solutions

	Content
	Focus Questions
	Outcomes
	Activities
	Registration

	Coding in an approved programming language (suggested timing: 8 hours)

	meta-languages, including:

· BNF

· EBNF 

· Railroad diagrams

· reading and writing statements in meta-languages

the syntax of the statements used to represent the control structures, including:

· sequence

· selection (binary, multiway)

· iteration (pre-test, post-test)

combinations of these

the syntax of the statements used to define and use a range of data types, including:

· integer

· string

· floating point

· one-dimensional array

· record

· sequential files
	· use meta-language statements from manuals and help files to develop syntactically correct code

· verify the syntax of a command using meta-language statements

· generate appropriate source code by:

· using a programming environment to generate and execute code

· coding an algorithm into the chosen programming language

· using different data types in solutions
	· P4.2

· P4.3

· P1.2


	Historical overview of BNF and EBNF used by John Backus and Peter Naur to describe ALGOL.

· Present students with Q-Basic syntax for:

· DO — LOOP UNTIL (post test loop)

· DO WHILE — LOOP! WHILE - WEND (pre test loop)

· FOR NEXT LOOP

· IF THEN ELSE ENDIF (binary selection)

· SELECT CASE ENDSELECT (multiway selection) 

· Present students with Pascal syntax for:

· REPEAT..UNTIL (post test loop)

· DO WHILE END (pre test loop)

· FOR NEXT END

· IF THEN ELSE END (binary selection)

· CASE..OF END(multiway selection) 

Expose students to BNF, EBNF and railroad diagrams when presenting structure syntax, but don’t over​emphasise them at this point. They will be re-visited in the HSC course. See program support notes for BNF, EBNF and railroad diagrams of selected 0-Basic statements.

Give students simple problems that use each structure, for example, print 5 numbers, count backwards for loops, determine an eligible voting age for binary selection, and a simple menu choice for multiway selection.

At the same time, introduce statements (use BNF, EBNF, Railroad diagrams when possible)

BASIC
Pascal

· PRINT,
WRITE,
WRITELN

· INPUT,
READ, READLN

· REM,
{ }

· CLS,

CLRSCR

· LOCATE,

	

	Error correction techniques (suggested timing: 4 hours)

	types of coding errors, including:

· syntax errors

· runtime errors

· logic errors

stubs

used to check the connection between modules of code

· flags

· used to check if a section of code has been processed

· can be used as part of the logic of a solution or as a systematic error correction process

debugging output statements:

· additional print statements in the code that help in telling what part of the code has been executed or for interrogating variable contents at a particular point in the program’s execution
	· trace the output of a given code fragment and modify it appropriately

· run, correct and extend existing code

· systematically eliminate syntax errors so that a program can be executed

· test a program with boundary values to detect runtime errors

· detect and correct logic errors in program code by using a systematic error correction process

· use automated debugging features in programming environments
· 
	· P1.2

· P1.3

· P3.1

· P4.2

· P4.3

· P5.1
	Testing and debugging
· Explain the different types of errors

· Students use language reference material to identify and correct syntax errors

· Describe strategies (using examples) of flags and debugging output statements that can be used to locate and correct runtime and logic errors, and ask students to use this approach in their testing

· Give students a version of the solution with known runtime and logic errors in it. Have students locate and correct them.

Extensions: validate user input, by checking for length of lines, and characters included

Save solution with the library of solutions being created.

Students to write a small narrative for users, indicating the purpose of the program, and the required format of the input file.

Define integer, string and floating point (single precision) and show how to implement in Q-Basic.


	

	Libraries of code (suggested timing: 4 hours)

	reusable code

· standard routines, such as data validation, date conversion and words to numbers

combining code and modules from different sources

· copying and pasting into code

· ways of calling modules of code

· sharing/passing variables between modules
	· develop standard routines for reuse

· create solutions to problems using existing code with minimal change or additions

· represent code from different sources as an algorithm, to assist in understanding its purpose
	· P4.2

· P4.3


	Start by modifying existing Q-BASIC and Pascal solutions and utilising them in more advanced programs.

Use existing code to solve new problems.


	

	User interface development

	consult with users 

· the different perspective’s a user and a developer have to a program

· effective user interfaces

· factors affecting readability

· use of white space

· effective prompts

· judicious use of colour and graphics

· grouping of information

· unambiguous and non-threatening error messages

· legibility of text: justification, font type (serif vs sans serif), size, style

· recognition of relevant social and ethical issues

· consistency

	· solve problems that require the creation of a user interface
· evaluate the effectiveness of screens used in commercially available software
· design screens incorporating good design and ergonomic features


	· P5.1

· P3.1

· P6.3

· P6.2

· P6.3


	Solutions should consider

· Good screen design

· User interface

· Sequential file access

· Use of word processor taking into account file structure
Evaluation of the solution provided for the end user should take place by the end user. In other words, each student should evaluate someone else’s work. Plagiarism as an issue should be discussed in this situation.


	

	Documentation
	
	
	
	

	types of documentation

· documentation for developers

· documentation for users

· internal documentation

· meaningful variable names (intrinsic)

· readability of code (comments, white space and indentation)
· online help
	· document code for different audiences

· fully document a solution that has been developed in the classroom

· use application packages to document a solution

· interpret code and documentation prepared by others
	· P3.1

· P5.1

· P5.2
· P6.1
	Students are to complete full documentation of the solution including

· Acknowledgment of source material

· Documented changes

· Data dictionaries describing all variables used

· Variables passed to modules

· Algorithms for the entire solution

· Manual to explain the operation of the software, including the interaction between the user, data and the software


	


Checking software solutions

Students should check their code using test data that test all possibilities. Live testing of programs should take place so that environment problems can be identified and removed. Students should also be checking that original requirements are being met. Specifications for a problem and a solution to the problem could be given to students and they could be asked to test the solution to see if it meets the specifications. It is important for students to recognise the responsibilities of software developers, in terms of providing a software solution that is appropriate to the defined problem and that works fully under all possible conditions. Developed software must be thoroughly tested to ensure that it will not fail unexpectedly or produce irrelevant results, even when exposed to unusual or unexpected conditions.

Outcomes 

A stud

P3.1 identifies the issues relating to the use of software solutions

P4.2 investigates a structured approach in the design and implementation of a software solution

P5.1 uses and justifies the need for appropriate project management techniques

P5.2 uses and develops documentation to communicate software solutions to others 

P6.1 describes the role of personnel involved in software development

P6.2 communicates with appropriate personnel throughout the software development process

P6.3 designs and constructs software solutions with appropriate interfaces.
Resources 

Programming exercise sheets.

	Introduction to software development: Checking software solutions (8.2.3)

	Content
	Focus Questions
	Outcomes
	Activities
	Registration

	Test data (suggested timing: 4 hours)

	selecting data for which the expected output is known

the need for thorough test data

the selection of appropriate test data, including:

· data that test all the pathways through the algorithm

· data that test boundary conditions

· upper and lower values and values upon which decisions are based

· data where the required answer is known

· testing both algorithms and coded solutions with test data, such as:

· desk checking an algorithm

· stepping through a coded solution line by line
	· determine the expected result given the test data
· create a set of appropriate test data and use them to verify the logic in a solution

· use test data on algorithms and coded solutions
	· P3.1

· P4.2

· P5.2
	Provide an algorithm for those who need it and have students code their solutions in Q-Basic, using self documenting Intrinsic documentation?

· Wherever possible.

· Students test solutions using test data.

· Students document their solutions.

· Students save the code and documentation to disk as part of their library that they can refer back to and use.


	

	Evaluation of design (suggested timing: 8 hours)

	comparing different solutions to the same problem

· different interpretations of the design specifications

· the advantages and disadvantages of different approaches to reaching the solution

peer checking

structured walk through

desk checking

Evaluation of implemented solution

· checking the solution to see if it meets the original design specifications

· user feedback

· social and ethical perspective
	· communicate solutions to others
· critically evaluate their work and that of their peers and share good aspects of their solutions using elegant aspects of other students’ solutions
	· P3.1

· P4.2

· P5.1

· P5.2

· P6.1

· P6.2

· P6.3
· P3.1

· P4.2

· P6.1
	Evaluation of the solution provided for the end user should take place by the end user. In other words, each student should evaluate someone else’s work. Plagiarism as an issue should be discussed in this situation.

As a modification, pairs could be changed half way through the task so those students have to work with other students’ code.

Have students demonstrate their solutions giving an oral presentation of their work to the class. They should be able to explain that the time comes from the system and is based on its clock. They should also be able to explain when it is best to compile and when it is best to interpret.

Ask students to evaluate the effectiveness of each others’ solutions


	


Modifying software solutions

Modifications to code are often required. These modifications need not be made by the original developers. In these situations, original documentation is very important. Students should be given opportunities to modify their code and to gain experience in modifying the code of others with varying amounts of documentation available. Students could be asked to modify their solutions as a means of assessing their understanding of their original solution. Students should be reminded of the ethical issues associated with accessing and modifying the code of others.

Outcomes

A student:

P1.2
describes and uses appropriate data types

P2.2
explains the effects of historical developments on current practices

P3.1
identifies the issues relating to the use of software solutions

P4.1
analyses a given problem in order to generate a computer-based solution

P4.2
investigates a structured approach in the design and implementation of a software solution

P4.3
uses a variety of development approaches to generate software solutions and distinguishes between these approaches 

P5.1
uses and justifies the need for appropriate project management techniques

P5.2
uses and develops documentation to communicate software solutions to others 

P6.1
describes the role of personnel involved in software development

P6.2
communicates with appropriate personnel throughout the software development process

P6.3
designs and constructs software solutions with appropriate interfaces.
Resources

Programming exercise sheets.

	Introduction to software development: Modifying software solutions (8.2.4)

	Content
	Focus Questions
	Outcomes
	Activities
	Registration

	Reasons for maintenance coding (suggested timing: 4 hours)

	changing user requirements

upgrading the user interface

changes in the data to be processed

introduction of new hardware or software
changing organisational focus

changes in government requirements

poorly implemented code

Social and ethical implications

· plagiarism
	· identify features in code, scripts or macro’s that allow it to be easily maintained and explain how this can be achieved


	· P1.2

· P2.2

· P3.1

· P4.1

· P4.2

· P4.3

· P5.1

· P5.2
	In this exercise, student activities emphasise: 

· maintenance coding

· code modification

· code interpretation

· arrays and sequential file access

· Boolean variables

· User interface


	

	Features in source code that improve its maintainability, including:

	use of variables instead of literal constants

use of meaningful variable names

explanation comments in the code

use of standard control structures

a clear and uncluttered mainline

one logical task per subroutine
	· create solutions to ensure ease of maintenance
	· P1.2

· P4.2

· P5.2

· P6.3
	Introduce the problem by giving students the source code for the mainline without any formatting and with some options not included in the multiway selection. Have students

· Produce an algorithm for the code

· Interpret their algorithms to provide an explanation for the purpose of the code.

Appropriately format the code, and add specified additional options in the main menu.
	

	Interpretation

	reading original documentation in order to understand the code

· documents for the user (including user manuals)

· documents for software developers
reading original algorithms to identify:

· inputs to the algorithm

· the types of variables used

· processes used

· outputs
creating algorithms for source code when they are not available
	· modify original statements obtained from a variety of sources
· convert a fragment of source code, macro or script into its equivalent algorithm
· define the purpose of the code, macro or script to be maintained
	· P1.2

· P4.2

· P4.3

· P5.2

· P6.2
	On completing this activity, students should be able to write their own specification for this problem (which is a drill and practice program to teach users spelling). Students should also be able to explain the use of subroutines in Q-Basic and the passing of variables across to them.

Explain the use of Boolean variables in Q-Basic

Use BNF, EBNF and Railroad diagrams to explain the syntax of Boolean variables and SUB statements in Q-Basic.


	

	Documentation

	using supplied documentation to:

· identify the control structures that have been used

· explain how variables have been used
	
	· P1.2

· P4.2

· P5.2
	Students to develop modules (algorithms and code) for the fast creation of a list of 10 words, saving a word list to disk and loading a word list from disk.

The use of variables in the place of constants where possible, has the advantage of making it easier to update or maintain code in the future. A constant that has been used when a variable could have been used is called a literal constant.

Students are to complete full documentation of the solution including

· Acknowledgment of source material

· Documented changes

· Data dictionaries describing all variables used

· Variables passed to modules

· Algorithms for the entire solution
	


Developing Software Solutions

The project(s) will build students’ understanding of the content in the other topics in the course and allow for practical implementation of theory.

Working in teams is common in the computing field beyond school. In order to be a successful member of a team, students need to be able to communicate well with others and to act in a social and ethical way. Project(s) are areas in which students may be given these opportunities. 

Outcomes

A student:

P1.2
describes and uses appropriate data types

P1.3
describes the interactions between the elements of a computer system

P3.1
identifies the issues relating to the use of software solutions

P4.1
analyses a given problem in order to generate a computer-based solution

P4.2
investigates a structured approach in the design and implementation of a software solution

P4.3
uses a variety of development approaches to generate software solutions and distinguishes between these approaches 

P5.1
uses and justifies the need for appropriate project management techniques

P5.2
uses and develops documentation to communicate software solutions to others 

P6.1
describes the role of personnel involved in software development

P6.2
communicates with appropriate personnel throughout the software development process

P6.3
designs and constructs software solutions with appropriate interfaces.
	Introduction to software development: Developing software solutions (8.3)

	Content
	Focus Questions
	Outcomes
	Activities
	Registration

	Implementing projects (suggested timing: 8 hours)

	the steps in implementing project(s) include:

· Defining the problem

· understanding the problem

· identification of inputs, processes and outputs to be applied to the problem

· planning

· identification of a suitable development approach

· design of appropriate algorithms

· determination of appropriate data structures

· identification of relevant subroutines

· the design of test data and expected output

· the desk check of algorithms

· identification of existing code that can be used
	
	· P1.2

· P3.1

· P4.1

· P4.2

· P4.3

· P5.1


	The project is intended to give students an opportunity to fully develop a solution to a problem of their own choice. 8 weeks has been set aside for the project, to allow this to occur. Students may develop a richer solution to a problem if they work in teams. The role of the teacher is the facilitator during this time, supporting students to reach a final product. Projects should be of a suitable level of difficulty and reflect student’s abilities.

Introduce the project with formal lessons on project management tools and techniques. 

These should include:

· Gantt charts

· Log books

· Identification of the tasks to be completed, goals and milestones

· The necessity to keep backups, and possible approaches to backup.

Students should submit a project proposal for approval. A number of dates should be determined over the 8 week period for review of student work. Students should be encouraged to evaluate their work at these times.


	

	building

· implementation of the solution in an appropriate language

· testing of the solution using test data

· documenting the solution, including algorithms, tutorial, test data and expected output, data dictionary
checking

· testing of the solution using test data

· evaluation of the completed solutions

· changing the solution 
modifying

· changing the solution to meet the specifications
	· design and implement a software solution to a selected problem using project implementation steps
	· P1.2

· P4.2

· P4.3

· P5.1

· P5.2

· P6.3
	Students should:

· Define a problem which can be solved with a software solution

· Research possible approaches to the solution

· Plan their approach to the solution by determining appropriate algorithms and data structures

· Identify available resources, including library routines
	

	Project management techniques (suggested timing: 4 hours)

	identification of tasks

identification of techniques to assist project management, including:

· Gantt charts

· logbooks

identification of sub-goals 

· allocation of resources

· identification of major milestones and stumbling blocks

· regular backup

· response to difficulties

· regular reporting

· evaluation
	· devise a management plan and use it when undertaking a software development project 

· use Gantt charts and logbooks
	· P4.3

· P5.1

· P5.2

· P6.1

· P6.2

· P6.3
	Determine an appropriate back up strategy

· Build the solution using appropriate source code, developed by themselves, and incorporating modules from other sources if available

· Check the solution using a methodical and thorough testing approach, with relevant test data

· Modify the solution to reflect improved design

· Keep a diary or logbook, documenting milestones, stumbling blocks, and successes on at least a weekly basis

· Document their solution, incorporating screen shots in user documentation, and using appropriate software where relevant

· Document social and ethical issues reflected in the solution and during its development
	

	Project documentation (suggested timing: 32 hours)

	relevant documentation may include the use of:

· algorithms

· Gantt charts

· manuals

· systems documentation

· data dictionaries

· diaries

· CASE-tools
Social and ethical issues related to project work

· relevant issues may include:

· ease of use

· gender bias

· accessibility of technical language 

· copyright

· ergonomics
	· use appropriate application packages in creating documentation to support the development of a project

· prepare suitable documentation to accompany software solutions
· ensure relevant social and ethical issues have been addressed
· evaluate the project in relation to the original understanding of the problem

· evaluate the quality of the solution
	· P1.2

· P1.3

· P3.1

· P4.1

· P4.2

· P4.3

· P5.1

· P5.2

· P6.1

· P6.2

· P6.3
	Students should acknowledge the sources for all supplied code used as part of their solutions

Possible Ideas for projects

· Student ID allocation

· An adventure game (group)

· Pontoon

· Flash cards

· HTML editor

· Statistical analyser

· Olympics seating ballot system

· Data stripper

· Text comparer


	


Assessment

The suggested components, weighting’s and tasks for the Preliminary course are set out below.
	Assessment Components
	Weighting
	Tasks

	Knowledge and understanding about hardware and software, software development approaches, software development processes, social and ethical issues
	30%
	Tasks may include:

· developing software solutions

· interpreting and creating algorithms

· maintaining student logbooks

· research assignments

· debates

· case studies

· units tests

	Design and development of software solutions
	35%
	

	Project management techniques, including documentation, teamwork and communication
	15%
	

	Project(s)
	20%
	

	Marks
	100%
	


Glossary
Note: Syllabus-specific terms are provided to assist teachers to interpret the syllabus but are in no way intended for examination purposes
	Term
	Meaning

	Abstraction
	The hiding of detail by the presentation of a more general instance. In the programming environment, an example of this is the use of a subroutine, rather than the inclusion of detailed code

	Backwards/ forwards chaining
	The process of arriving at a conclusion from a stated set of conditions. Backwards chaining assumes that a particular solution is true and then ask questions to verify that the necessary conditions are present. Forward chaining starts from the beginning of the facts and rules and asks questions to determine which path to follow next to arrive at a conclusion

	Benchmarking
	A method used to measure the performance of a system or application by running it under closely controlled conditions

	BNF Backus Naur Format
	a metalanguage used to specify the syntax of commands in a given language

	Breakpoints
	A method used in software debuggers to denote a point at which the program is to temporarily halt execution. The programmer can examine or change the contents of variables at this point and then resume execution if appropriate

	CASE tools Computer Aided Software Engineering
	a range of software that is used to assist the developer with a variety of tasks

required as part of the development process

	Class
	The definition of the common characteristics of a group of objects, which can be used as a ‘template’ for these objects. Objects of the same class have the same basic definition for their processes and data

	Decompilation
	The process of taking executable machine code and generating the equivalent assembler code, so that it is more easily understood by a human. This process is often necessary when the executable code needs to be modified and the programmer does not have access to the source code

	Driver
	A specially written routine that generates appropriate test data used to test a lower level module before the higher level modules are completed

	EBNF Extended Backus Naur Format
	a more sophisticated metalanguage used to specify the syntax of commands available in a given language

	Encapsulation
	The isolation of an object from its environment, so that changes to objects can be made without affecting other parts of the system, as long as the interface to that object remains the same

	End user development
	A process in which an application is developed by users who have knowledge of a relevant software package and can customise it to meet their needs

	Heuristics
	Rules of thumb that generally leads to a correct conclusion, but which may never be able to be proved



	Inclusivity
	A recognition of equal access

	Incremental compilation
	A translation process used with an interpreter in which commonly executed routines are translated separately into machine code and called directly as required

	Inference engine
	The logic used by expert system software to draw conclusions from stated facts and relevant rules

	Metalanguage
	A means of specifying the syntax of each of the valid commands in a given language

	Method
	The specification of a particular process to be performed on or by an object

	Object
	In an object oriented programming environment, this refers to the data structures and procedures that apply to a specific unit in the system

	Operation
	In an object oriented programming environment, this refers to the method or process to be performed on or by an object

	Paradigm
	A model, used in this context to refer to a type of programming language

	Polymorphism
	The concept that allows different objects to be used or presented in different ways at run time, depending on the

users’ requirements at the time

	Quality assurance
	A set of procedures used to certify that a generated product meets specified criteria with respect to quality and reliability

	Rapid application
	A process in which a programmer makes use of software development packages to quickly build applications to meet the user’s needs

	Reverse engineering
	The process of analysing an existing system to identify its components and their interrelationships, to allow the creation of a similar system

	Sentinel value
	A value used to signify the end of a data list, such as ‘ZZZ’ or 99999

	Structured walkthrough
	An approach used with project teams, where each developer working on a project steps the other members of the team through the work they have completed so far. It is used to ensure consistency of approach and assists in ensuring the overall quality of the project as a whole
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