Heinemann Software Design and Development: 
Teaching and Learning Program 
Preliminary 2000

Rationale
Sefton High School currently has two computing studies classes in year 10. Many of these students will select the Information Processing and Technology (IPT) course. Others may select Software Design and Development (SDD). A small group may also select both courses. Some students not currently studying computing studies have also expressed an interest in SDD and IPT. In addition to this, around 15 students wish to do the Information Technology VET course.

School situation
Sefton High School is a semi-selective high school in Sydney Metropolitan’s south-western area. It has approximately 1050 students, with about 70% being NESB. The student body is made up of an approximately 50/50 split of male and female students. There are currently two computing studies classes in Year 10 (60 students). It is anticipated that most of these students will select one of the new IT courses next year. About 15–20 have expressed interest in SDD.

Resources
The school has two computing labs with an ethernet network and Internet access via a Wingate server. Each lab contains 31 Macintosh computers ranging from Power Macintosh 6300 to iMacs. Software includes: ClarisWorks 5, AppleWorks, Logowriter, Future Basic, Internet browsers, and various utility programs including FTP, archiving and graphics manipulation software. It is anticipated that by the end of 1999 the labs will be connected to the ISDN line for Internet access and that there will be a Novell server controlling network access for all staff and students.

Synopsis
Software design and development is designed to develop in students the knowledge, understanding, skills and values to solve problems through the creation of software solutions. This program involves the students in classroom discussions and the completion of individual and group tasks and includes a major programming project. It is divided into five units. The major project is completed during term 3. It is intended that the project skills identified in section 8.3 of the syllabus be incorporated into the work done throughout the year. For this reason they are not elucidated separately in this program.

Table of units


1. Concepts and issues


2. Hardware and software


3. Software development approaches


4. Defining the problem and planning software solutions


5. Building, checking, modifying and  developing software solutions

Concepts and issues

Timing: Five weeks

Outcomes: A student

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

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

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

Resources: various software packages, computers, Internet, PC magazines, newspapers, textbooks and worksheets

Students learn about
Students learn to
Outcome no.
Register
Strategies and activities
Text reference

Ergonomics


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 and consistency of the user interface

identify sound ergonomic practices when using computers


assess the ergonomic needs of the user when developing software
P6.1, P2.2

Examination of immediate surroundings to identify ergonomic conditions. 

Discussion of appropriate and inappropriate conditions and strategies required to rectify conditions that don’t comply with standards.

Discussion of OH & S.

Examination of user interface in a number of software packages to identify ergonomic considerations.
Chapter 1

Intellectual property


software licence agreements, including:

· licence terminology

· legal aspects

· use of software covered by a licence agreement


origin of software design ideas

· evolution of existing concepts, including GUI interface and search engines

· new and exciting approaches, including Visicalc, web browsers and presentation software


events that have led to the need for software licence agreements, including:

· ease of reproduction and copy

· collaborative development history

· the current open environment of the Internet


sources of code and conditions that apply, including:

· the Internet

· books and magazines

· shareware

debate the issues relating to intellectual property


use software in an ethically and legally correct manner
P3.1, P2.2

Close examination of a variety of software licence agreements.

Examination of terminology and phrasing.

Discussion and debate on the issues of intellectual property.

Consideration of the cost of piracy to both the software industry and the consumer.
Chapter 1

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


P 3.1, P 6.1

Examination of a variety of specialist products available for special needs e.g. concept keyboards, speaking software.

Examination and discussion of the accessibility features built into current versions of software including operating systems.

Class debate of gender-based issues.
Chapter 1

 Assessment

Oral presentation: In small groups of 4–5, students are to prepare an oral presentation to be given in front of the whole class. Presentations are to be of 20–25 minutes duration (each student in the group is to speak for at least 5 minutes.). Students may choose one of the following topics: ergonomics, intellectual property, inclusivity. Some time will be given during class to conduct research, but the bulk of the task is to be completed in the students’ own time. The presentation should include handouts and should incorporate some form of visual aids such as posters, pictures or slides. A 500-word written report from each group is to be handed in after the presentation is given. This assessment task will constitute 15% of the final mark for the course.
Hardware and software



Timing: Five weeks

Outcomes: A student:

describes the functions of hardware and software (P1.1)

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

describes developments in the levels of programming languages (P2.1)

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

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

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

Resources: various software packages, computers, computer components, Internet, PC magazines, newspapers, textbooks and worksheets
Students learn about
Students learn to
Outcome no.
Register
Strategies and activities
Text reference

Hardware


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

In class examination of a variety of hardware items: system box, motherboard, HDD, FDD, expansion cards, keyboard, mouse etc. (Note: Most of these items are non-functioning and can be passed around for examination by the students.)

Discussion of the various components and how the system operates.

Discussion of how computer systems are built to match use/task.

Homework task: Research the level of current hardware (specifications, cost etc.) Compare with hardware available over the past ten years (e.g. compare XT with current PIII).
Chapter 2

Software


system software, including utility software


applications packages and custom-designed software


generations of programming languages, namely:

· machine

· assembler

· higher level languages

· declarative languages

competently use a range of software


describe the development of subsequent  generations of programming languages


appraise the effect of the operating system on the tasks that the system can perform


interpret and use an ASCII table
P2.1, P3.1

Exploration of a number of operating systems (Mac OS versions 7.6.1 through to 8.6, Windows 3.11, 95, 98, and Novell 4.11). 

Examination of similarities and differences and discussion of reasons for selecting one over another (e.g. for specific functions that satisfy user requirements).

Use of a number of software packages and utilities.

Explanation and worksheets on the coding systems used in computers: binary, hexadecimal, etc., ASCII, extended ASCII.
Chapter 2

The relationship between hardware and software


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 
P6.1

Practical session on installing and running software. Students are to log all steps required to install and run software. Predict what may be happening internally.

Software is not run from the storage medium; rather it is loaded into RAM.

Examination of the fetch-execute cycle.

Examination of non-computer-based systems, identifying major components.

Examination of computer systems in detail. Identify the main components and their relationships to each other. Remove elements to see the effect on the overall system.
Chapter 2

Assessment

Research project: Students are to write a report on the evolution of programming languages. It should be not less than 800 words and is to be completed as homework. The task is worth 15% of final assessment.

Software development approaches

Timing: Five weeks

Outcomes: A student

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

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

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

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

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

describes the role of personnel involved in software development (P6.1).
Resources: various software packages, computers, Internet, PC magazines, newspapers, textbooks and worksheets

Students learn about
Students learn to
Outcome no.
Register
Strategies and activities
Text reference

The structured approach to software solutions


program development cycle for the structured approach, including defining the problem, planning, building, checking and modifying


characteristics of the structured approach, including:

· long time periods

· large-scale projects

· large budgets


involvement of personnel, including analysts, designers, programmers, users and management


team approach

identify each of these stages in practical programming exercises


P2.2, P3.1, P4.1, P4.3, P6.1

Writing a simple text-based adventure program in Basic, following the principles of a structured approach to software solutions. (Note: This activity will be ongoing over the full five-week period of this unit.)
Chapter 3

The prototyping approach to software solutions


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
P2.2, P3.1, P4.1, P4.3, P6.1

Evaluation of the merits of using a prototype approach to software solutions.

Relating this back to the structured approach.
Chapter 3

The rapid applications software development approach


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


links with structured approach

use an existing software package to develop a customised solution
P2.2, P3.1, P4.1, P4.3, P6.1

Using FileMaker Pro to develop a small database solution to a given problem.
Chapter 3

End-user approach to software development


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
P2.2, P3.1, P4.1, P4.3, P6.1

Examination of some ‘ready made’ software development packages: Access, Hyperstudio, Logowriter, WYSIWYG development tools.

Discussion of the use of these and their appropriateness in a variety of situations.
Chapter 3

Assessment
There is no formal assessment for this unit. Assessment will be through observation and completion of set tasks.

Defining the problem and planning software solutions

Timing: Five weeks

Outcomes: A student:

describes and uses appropriate data types (P1.2)

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

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

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

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

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

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

Resources: various software packages, computers, Internet, PC magazines, newspapers, textbooks and worksheets.
Students learn about
Students learn to
Outcome no.
Register
Strategies and activities
Text reference

Defining the problem


understanding the problem


identification of inputs and required outputs 


determining the steps that, when carried out, will solve the problem

determine the inputs and outputs required for a particular problem


P1.3, P3.1,  P5.2

Examination of a variety of problems. Identification of the inputs, outputs and processes involved in their solutions.

Use of data-flow diagrams, decision trees etc.
Chapter 4

Abstraction/refinement


the top-down approach to solution development


refinement of a proposed solution


modification of an existing solution

develop a systematic approach to the development of a solution
P4.2, P4.3

Breaking down a problem into smaller, more manageable parts.
Chapter 4

Data types


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, P4.2

Examination and explanation of the different data types and structures.

Introduction of the concept of data arrays.
Chapter 4

Structured algorithms


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
P1.3, P4.2,  P4.3, P5.2

Examination of examples of flowcharts and pseudocode.

Identification of the different control structures and discussion of their functions.

Production of flowcharts and pseudocode solutions to simple problems.

Reuse of algorithms, to be incorporated into more complex algorithms as modules and/or subroutines.

Examination of the process of desk checking. Desk check algorithms generated in class.

Discussion of the historical events leading to the development of the structured approach to algorithm design.
Chapter 4

Assessment

Algorithm assignment: Design and describe a complete algorithm which may be used to implement a compact disc management system. Questions which may be considered include: Does a record data type need to be declared? Do you need to declare an array for the CD collection? Do you wish to include an on-screen menu system? Consider the different types of array processing required. You will need to produce a number of algorithms (e.g. one main algorithm and a number of sub-routine algorithms) to satisfy the assessment requirements.
Building, checking, modifying and developing software solutions (see also pp. 29–30 of syllabus)

Timing: Ten weeks

Outcomes: A student:

describes and uses appropriate data types (P1.2)

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

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

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

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

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

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

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

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

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

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

designs and constructs software solutions with appropriate interfaces (P6.3)
Resources: various software packages, reference manuals, computers, Internet, PC magazines, newspapers, textbooks and worksheets.

Students learn about
Students learn to
Outcome no.
Register
Strategies and activities
Text reference

Coding in an approved programming language


metalanguages, 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 metalanguage 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
P1.2, P1.3

Introduction to Future Basic.

Various exercises from the reference manuals.

Explanation of metalanguages.

Creation by students of BNF code and railway diagrams for given problems.
Chapter 5

Error-correction techniques


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

Identification by students of errors in given code fragments and suggestion of possible solutions.

Generation of code by students in Future Basic and use of the internal debugger.
Chapter 5

Libraries of code


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
P4.3

Discussion of the use of reusable code (e.g. DLL files in Windows etc.).
Chapter 5

User interface development


consult with users


the different perspectives 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
P1.3,  P3.1,  P4.1,  P5.2,  P6.1,  P6.3

Discussion of good user-interface design.

Consideration of target audience of various programs (e.g. children, adults, business, gaming etc.).

Examination of the end users’ requirements.
Chapter 5

Test data


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 on 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 it to verify the logic in a solution


use test data on algorithms and coded solutions
P1.2

Generate test data to perform desk checking.
Chapter 6

Evaluation of design

· 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

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,  P4.1,  P5.2,  P6.2, P6.3

Design a simple solution and evaluate the design.

Seek evaluation from their peers.
Chapter 6

Evaluation of implemented solution

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


user feedback


social and ethical perspective

P3.1,  P4.1,  P5.2,  P6.2, P6.3

Invite non-computer users to test their software solutions. Make notes and ask for user feedback. Use the evaluations to make improvements in their solution. 
Chapter 6

Reasons for maintenance coding


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

identify features in code, scripts or macros that allow it to be easily maintained and explain how this can be achieved
P3.1,  P4.1,  P5.2,  P6.2, P6.3

Discuss the importance of maintenance coding.
Chapter 7

Social and ethical implications


plagiarism

P3.1,  P4.1,  P5.2,  P6.2, P6.3

Ensure students acknowledge source of any externally sourced code.
Chapter 7

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
P3.1,  P4.1,  P5.2,  P6.2, P6.3


Chapter 7

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
P3.1,  P4.1,  P4.3


Chapter 7

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


using supplied documentation to:

· identify the control structures that have been used

· explain how variables have been used

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
P1.3, P3.1, P5.2, P6.2, P6.3

Discuss the importance of documentation.

Ensure that documentation is generated from the outset of their project.

Discuss the different types of documentation required and the importance of each type. Eg. Remarks throughout the actual code, user documentation, advertising of the product etc.
Chapter 7

Assessment

Major programming assignment: Group project. Students work in small groups of 2 to 4 people. Develop a software solution for the problem of your choice. Students are to keep and submit documentation that includes a student log of ideas and modifications, full documentation for the program and the program itself. Students are to follow the processes studied in class over the previous two terms as well as those covered during term 3. This assignment will constitute 20% of the final mark.

Formal School Based Assessment Schedule

No.
Task name
Type
Value
Timing

1
Social and ethical issues
Formal oral presentation
15%
Week 6, Term 1

2
Half-yearly exam
Exam
20%
Weeks 2–3, Term 2

3
Hardware research assignment
Research assignment
10%
Week 8, Term 2

4
Algorithm assignment
Written presentation
15%
Week 5, Term 3

5
Software design project
Project
20%
Week 10, Term 3

6
Yearly exam
Exam
20%
Weeks 1–2, Term 4
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