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Teacher’s Introduction

This resource is intended for use by students studying the OCR Level 3 Alternative Academic Qualification:
Cambridge Advanced National in Computing: Application Development: Unit F166: Software development.
This is an optional external unit for this qualification and is assessed by an assignment.

It is important to always check the exam board website for any new information, including changes to the
specification and sample assessment material.

The intention of this resource is to provide a condensed ‘Topic on a Page’ which provides an overview of the content
of each topic area, which will enable students to review their learning and apply it to the supplied activity sheets.

How to use this resource
The resource consists of:
e 8 A3 posters covering the topics as listed below, labelled: ° -—°

e 8 A3 activity posters which are partially completed and provide opportunities for students to fill in gaps to
show their understanding of the topics and key terms, or as a planning tool to make notes for what they will
do in their assessment task. These are labelled: @ e

Opportunities for use:

e  Printed out and displayed on classroom walls

e Individual copies to be given to students as the topic area is delivered

Activity sheets can be given out at the end of topic delivery to check understanding
Used as a planning or note-making tool for the assessment task

Topic Area 1: Fundamentals of software development
1.1 Software design principles
1.2 Programming languages

Topic Area 2: Design software solutions
2.1 Tools and techniques to design software solutions
2.1.1 Software Design Specifications (SDS)

2.1.2 Software Design Documentation (SDD)

3.1 Programming techniques to develop software solutions
3.1.1 Variables and constants
3.1.2 Operators
3.1.3 Selection
3.1.4 Iteration
3.1.5 Encapsulation
3.1.6 File manipulation
3.1.7 Data structures
3.1.8 Other constructs and error handling
3.2 Technical skills to create software solutions

Topic Area 4: Test software solutions
4.1 Software solution testing

Topic Area 5: Review and improve software solutions

5.1 Techniques to review the effectiveness of software solutions

5.2 Improvements to, and further developments for, software solutions
5.2.1 Constraints and improvements
5.2.2 Further development opportunities

July 2025



FUNDAMENTALS OF SOFTWARE

Software design principles

Stepwiserefinement Abstraction
*  Taking alarge problem
and splitting it into

smaller sub-problems. « Functional - dootie

Taking each instead of hr ...k
sub-problem and wt o
splitting it into smaller
sub-problems. .
Repeating unt,
sub-problems

f data structures so that users only see what is required.
* Control - removing the detall of how structures in the
are solvable. w program actually work so that the developer can focus on
the program flow.

Decomposition

The computational thinking

Object-oriented programming (00P)

The removal of unnecessary elements fr{}f'/g/x ler that they a%
identification of vital elements i, e e . *  Has subrou%
40 1\ u. e program needs to do and funcn%?

~Jeation or use of a function contained %

= # how the algorithm within it works. Efocgargf;’ (f;%

'/,/fyiffé the data that requires storing, inputting When eacé

/w’tptg:tiﬁg by the problem. Hiding the implementation
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returned t
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term for stepwise

The identification of real-world objects that can be created in the

refinement. This ususlly

program. Each object has the same attributes (properties) and

results in the identification
of subroutines and
repeated elements.

class could have attributes PersonName, DateOfBirth, Height.

having its own name, date of birth and height.

Maintainability

The ability to understand,
change or add to a program
in the future.

Encapsulation
+ The containment of data so that it can onlv § -
manipulated by its own methods. //

A maintainable program has

comments to explain the .
code, meaningful S=CasPr % uodr
identitiers, consistent . s external data {parameters) when
indentation and whitespace ée*; then perform their programmed

as well as subroutiz

repeated element

Teturn a value to the program where they were called.

Modularity
The division of a program into multiple subprograms. The subprograms are implemented as

subroutines [functions and procedures) The main program then calls the functions that each
perform their task

Subroutines can be shared between different programs, they are reusable and self-contained.

methods but can have its own data stored . For example, a Person

Then multiple instances of Person can be created with each one

/%%ES on the data: they then produce an output and/or
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DESIGN SOFTWARE SOL

—

Software Design Specifications (SDS)

S

Documentation that describes everything the software needs to do.

.

The format can be written documentation, an interactive document {e.g. HTML Poaos e 4@5 c,}inked documents.
- : :

Layout needs to be clearly structured, understandable and easy to navi.t¢ g ink. .h the document to jump to ke el/ / y ,
y y y to navigtfe.e Qok g jump to key %////%

Templates exist that are set up with the structure and hea? f

pG/ '///1 A0mpiete %////////é////%

&

&

e

.
T
Solutk.sn pvarvlow ( P
A description of the scenario and the proposed solution, . /%
o : covering the main elements such as purpose, core & % //// /
~what does the : : ‘o . | Tir% \ AR 4
) requirements, target audience {who is going to be using the . _ -
client need or not need? system) and key processes. % SY% %//////////////%
i % Cr%/ %
. / -
Client requirements %/////% a
% Organisational policies — what policies of What exactly does the client need from the system? 2 % ///////////////
. ’ . . . . 7
% the client’s organisation need to be Measurable statements that the final solution can be % Ha% % %
% followed and met? What other compared to and you can ask ‘Has this requirement % Sy % //////////////
% organisations need to be interacted with been met? % OU%
_ and what rules do these have? %/////% %////////////////
i Functkna; u;“ments A / /
req . . 't Aud -~
# What does the system need to do? What inputs does it ] /
- e 2 2
g Technical requirements — what hardware need to take? What needs to happen to these inputs {the % SVI%
% and software does it need to be compatible processes)? What outputs does it need tf21= 1ce? What % La;% //////////////
] . : . . . v % -
% with? Wha'.c response times are required? format are these inputs and outp o 5 WZ % % COPYRIGHT
 What security is required? 4 % /% %/// %
Mt | Non-functiopaly - ires ey =7 | o = PROTECTED
2 L e - . . ////
. 5 nneedtodoorhave? Doesit .m | |
§ Language — what type of programming /{h’é/%ic? Does it need to be appropriate % SP/% %/// % r
| ) e ‘
% language needs to be used? What can thi afence? Does the system need to produce a %// an;% //////////// Eg
% language do and not do? - ithina svslv?tlme constramtA? Does the system % %/////////é////%
o need to have a specific level of security? / i % ////// » 39
| i  whs - :
% industry standard? Constrainte % th% %///////4///// EdUCC}tEQn
% does the system ne\ggP What restrictions are there or limits on what the system % % .
% hardware and software does the system has to do or where it has to operate? % sof
_need to interact with? | i
L i [

L e
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odule/component interactions
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e //////x System in the middle, %

external entities / /,
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Booking
data

Ut into the system? From the U
carried out? Calculations? O
cquired? External files? Database?
oy accessed?

roduced? How are these crea

Theatre
booking
system

a8

R

Booking Booking
data database

Customer

Confirmation
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h

/

%

( \ e .

/ y created? |

| Expandsthe systemto / N .

Z . % s . . 3 ///// /////m,,,,,,%

| include the processes | Uy, / //////// |

g and how these interact | | | rt /% ‘Fake

. / {; % e Design the algorithms behind the system, the processes. | % Fa%
7 | . | .

% % e Shows the inputs, processes and output~—~¢ _ h stage. % - %

|8

Ch \ svﬂ%
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customer

Customer

Customer s
name, address .

e

INPUT x /

.
INPUTy / |
v
total =x *y ‘
iD, date, |
time, seats S v i
QUTPUT "The
total is", total
booking v
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S

PROGRAMMING TECHNIQ

Variables and constants Data types

Variable: space in memory, with an Constant: space in memory, with an Data type Description
W

identifier, that can store an item of data. identifier, that can store an item of integer - 4 ‘hole number -100
The data can be changed while the data. The data cannot be changed e ] 0
program is running. while the program is running. i /’_/ G / 9954
- ks d point A decimal number -100.2
Identifier naming eonventions: the name given to variables / mc.- . (real/float/ 0.052
structures. ;- double) 352
String A sequence of "Yes"
Identifiers must be meaningful, e.g. say what the characters {letters, "3 6"
being stored, xv = does not statewhat is » numbers or symbols) "PaS5us
Kehab case: Boolean True or false TRUE
each word is “5re FALSE _

Camel case: Casting: converting from one data type to another.
lords es Use a function that casts, e.g. here the function int {] |
string " 123" into the integer |
theNumber = int ("123")
E 3
Selection
A condition is checked. The result of the check Iteration e
determines which code runs {and doesn’t run). Pre-condition: the
Code runs repeatedly either a set number a condition is true. Th
- of times or based on a condition. tested before the loop
iF condn“lon THEN o a while loop.
Run this code when the condition is true 7 ~
ELSE Fixed loop: runs a set number of times, WHILE condition
Run this code when the condition is false usually a FOR loop. Code that repeats
ENDIF ENDWHILE
{You can have an If without an ELSE) FOR variable = start value TO end value ,
Code that repeats ; The program checks
NEXT variable If the condition is tru
iF condition1 THEN o ) 5 repeats runs. Then th,
Run this code when condition1 is true Variable starts at star*/m//z %d i | ) checked again. The co/ COPYRIG HY
o by 1eachitereiaonu flitm .. Jdvblue.
ELSEIF condition THEN ‘ ‘ ‘ Y 1 / 4 ’// b, may never run. ? ROTECTE D
Run this code when conditionl is false and condition SEie 2 . 0 cha«fg{f{the amount by # ]
ENDIF i ¢ Ry - _bi€increases (or decreases) o
{You can have multiple ELSEIFs. You can also have an ELSE N ' /;7//////,/ /

at the end that runs when all conditions are false) 4 ..
i

ig

Pest-eondition: the loop runs until a condition is true. P6: /
SWITCH variable The condition is tested after the code in the loop runs. soft/j {39
CASE Condition1: Usually a repeat-until loop.
Run this code when cos Edu{:g-tic}n
CASE Condition2: . REPEAT
Run this code when condition2 is true Code that repeats
CASE DEFAULT: UNTIL condition
Run this code when all conditions are false
ENDSWITCH The program runs the code that repeats. The program then
(CASE conditions are usually one value, e.g. CASE 10. tests the condition. If the condition is false the code that
You can have as many cases as required. . repeats runs again. ;
Default always comes at the end) iy o




/é
" %
g Encapsulation - ///////////////////5}/}/3////5}!//}%//}/}/}/}/'}//}/ S % —
7 7 Cibonni o coiire it <0 it ve GGty b / 1
To read data from a fil” ; - % %/////////////%
The data is ther - sad oi& or one line at a time). . o
Blodule: o seif-contained section of the program that has its % %//////%
own subroutines and data. ("Filename . txt” U1, % 4
Procedure: a seif-contained section of code that ¢- iz] - theFile.readLine () % ///////
called from other parts of the program oroth.r % ”
The code executes and doas g . é ///////é////%
that called it. ‘ § %/& %// //
- -
Ubl'll'ﬁ': pre-written, | ompiled subroutines. % //// ////////

Can be imported and cal g _tér programs.

o

tructure where the last data item added is the first to be

ast in, first out) ltems are added to the top (end) of e
re accessed from the top ol the stack,

Funetlon: a self-contained section of code that can be called
from other parts of the program or other programs. The code

i

executes and returns one or more values to the program - .
that called it. proe res the position of the top of the stack. Eaaa
' pushl) stores data on the stack. / /////////////
Parameter: o value that is sent to a subroutine and can then / 15&98 accesses data from the stack, % %
be used within the subroutine. . //// /
> . 4
passing by referenee (byref): any changes to the variable . cture where data i e et e ////////
will also change the original value. . mg&téijéﬂzz{:az;iz{?:zeiz; {:;;( i;;ﬁf:f;a&e W///
passing by value (byval): createjs ? copy of the variable, ' ' %m the head (start) of the gueie . //
changes are not applied to the original. _ e
Class: a set of properties (data) and metheds {functions and » .
procedures) about a specific object {an instance of a real-life . . - /Z;faz‘ //////////////
item). A class is a template for an object. Multiple instances of . ’ZZE‘QBH%, L %
the class can be declared; they all have the same properties i . b %////// %/ COPYRIGHT

but with different values.

PROTECTED

Ay

LY

Better: o function method in a class. This returns a property i % . / %/% ‘
from the class. . W% . %/// / ;
; 5 . 4 i 9
Setter:a function/prf)cedure m ir. / , %//////////////%
or changes a property in £ g The . %//
properties where the . y 39

P6: Create a user interface for the software solution.

J | M4: Use progra
| appropriate file
| M5: Use progra

ppropriate data

b,
o,

-

g5

//////////J///j Education

-

3
R

P9: Use source code comments, indentation and version
control to make the software solution maintainable.

P10: Use appropriate naming conventions and data typesin
the software solution. .

« 0
\\\\\\\\\L\\\\\\\\\

=
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PROGRAMMING TECHNIQ

Constructs T p——
p . / Fileinput— . | ]
::f; :;pmutt;;il:;\rg / Output to file — /  readingdata searc*‘?‘éf L Z / /
[ aen by keyboar - / storing dat‘afqiln from an external o /t” /{‘ ‘; 5/} na Sata ' c:‘:‘% %////////////%

? ’ | anexternal file file (see file -~ Jchh | find dspecificvalue. g/ /
e . (seefile handling) '~ i searching algorithms » ?Ie% Z/ y //?%
. //¢,/// handling) , Aok in different ways. Two t".n/ U / %

examples are linear and binary. -~ wit .
L

e

L%
V
|

e

%,

/ Dutput to user — i . Binary search: search a set of ordered data. Compare the

o if the data is less than the middle value, repeat with the first
If the data is greater than the middle value, repeat with the
the last element.

L*

L
W
|

data to another
part of a program
3s a parameter

G
-

Technical skills %////////////}%

-

Error handling _ Development environment E——

%/{//{//4///// Used to write, test and run the program. //////////////%
. .

4

|

P

Editor

Allows you to write the code. Provides other features, e.g.:

,,,,, oo

weReREREEe 0 B8

@  Autocomplete — detects the command you are typing and fills in
®  Keyword highlighting — changes the colour of a language’s keyw
e Syntax checking — checks the syntax as you are writing and highli
code that is syntactical

N

®  Autocorrect —d énges them for you, e.g. mis

COPYRIGHT
PROTECTED

i9
ag

Qg

4

j -

b
Beburql

Wi

set a point in the code where the code will

- | o g Yu G th checkhefow of e progrr

.
%
M%

|
///////%//Z Education
-

- Memory inspector — view the content of the variables and
data structures as the program runs, or when you stop it
using a breakpoint.

Presence
Length of characters

Range 78 Cfic data is within two values
Format Checks that data has specific characters, e.g. a
postcode has the correct number of letters
and numbers

@  Stepping — run one line of code then pause until you tell the
program to run the next. Allows you to check the flow of the
\ program and the content of data structures. Y,

o

p Runtime environment

Existence or | Checks that data is the same as previously
lookup stored data, e.g. data entered must be either Lets you run the program. Takes input from
Yes or No the user and produces the output for the user.

4




TEST SOFTWARE SOLU

& 7

m
/////////é/////

/Requirements testing:\ Test plan: A document that iden
1 identifies the different elements t

sl

e

Test every measurable
requirement that was
identified in the analysis
and design stage.
Which requirements have
been met? Which have
been partially met? Which
\have not been met?

Component testing:

Test each individual component part of the system.
These may be the modules/classes/subroutines that
were developed, or the separate parts of the presam

> §e test data that needs o be
nautputs that will all be tested

o

.

0

G

5

Iterative
you make
Test with
small chan

wledlen
|

sl
re
G

|

L
.

—

|

L
L

Aubroutines may work in isolation but may

.

Knot work in combination. ] ////////////////
O
. m
2 System testing: . - ) %/////////////%
TQStlng Testing the system as a whole once %%ﬁﬁm / ) %
tYPES all parts are together. , = . A
Testing it in different ways, different L - / ///////////
run-throughs, performing actions in p . / / ////
different orders with different data. %//////é////////// //// | %// %
| ' ™ 4
o
Inputs — what data needs to be input? Outputs — what outputs should be
E’ements What range of data can be input? What produced? What forz 2 are they in?

N

P

How shoulgs . e %tsdiffer
he ® puts?

are the bounds of acceptable data? What
does invalid data do?

to test?

COPYRIGHT
PROTECTED

Qg

-

o
L
\\\\\\\\\\\\

oY

Mavigation — how does a user move throi'sl - Lo é/{can they move through different menus and options?
Does each option/button/r 1 & e User to the correct outcome? Can the system be exited?

- ig
oy

-
- ag
/////////J//Z Education

. /////
- “
Error handling — are errors detected and handled Data storage — is all data stored correctly? Is it in the
without crashing the program? What happens when correct location/file? Is the data in the correct format?
invalid data is entered or an invalid option is selected? 7 Is data read from the correct locations? Is the data split

Are error messages appropriate and meaningful? 7/ or processed correctly when it is accessed?




i
%
.
|

i e
o

/Robustness \ ///////

®  How robust is the system? %////////////

What has been put in place %

to increase the robustness? -

Where is the evidence of //////////
P

/ Non-functional requ} . ////////////////// - this and that it works, e.g.

exception handling?
e  Which areas could

\ be improved? / W%//
\

/(!Iient requirements \

e Which of the original
requirements have been
met? Whereis the
evidence that they have
been met?

have been met? What is the evidence that
they have been met? Are all inputs, pr
and outputs as required?

Functional requirements
e Which of the original functional requirements

.

0

Which are partially m22

®  Which are partially met?
( Which are not met?

Gl

L
i

G

R
@  Which of the non-functional
requirements have been met?
What is the evidence that they ‘
have been met?

i

%
/

J |
/////////////

P

e How has the level of success e e s epe
been measured? What evidence Maintainability
is there to support this? ®  How maintainable is the system? What has been put in place to support the

maintainability, e.g. documentation, comments?

X

i

Which have been partially met?

e
e  Which have not been met? ®  Where is the evidence of this maintainability?
®  What areas are not as maintainable as preferred? What could be improved?

T

L

e,
///%///////// Code efficie’ y how could you improve t
a be the memory consumptiol

Anci ‘e the constructs and data str

~ e efficient ways fo perform the task

N

.

e 0
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Portability of software

solution . . . / /////////////
How could the system be changed ' : ~ HCl accessibility principles - what % %
to ensure that it will work on . accessibility principles have been used in the //// :
different software platforms and design of the interface? How could these be ////////// / » E
different hardware? improved or enhanced? What other 9

accessibility principles could be included?

de reusability %/ >
can the system be ///// . 09

changed to make elements of | . // »
the code reusable, e.g. through - %///////442{/// EdUCQtEOR
|

the inclusion of additional
classes and subroutines?

P12: Assess the suitability of the software
solution for meeting the requirements.
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FUNDAMENTALS OF SOFTWARE

Software design principles

Stepwise refinement Bhstraction s
The removal of unnecessary elements fror /%i /a ,
» .

identification of vital elements i
= Functional -

Decomposition

Object-oriented programming (00P)

e

.

Maintainability

Encapsulation

|

Modularity
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DESIGN SOFTWARE SOLU'

Software Design Specifications (SDS)

Documentation that describes everything the software needs to do.

i

és c,,/,mked documents.
//

The format can be written documentation, an interactive document {(e.g. HTML Poacs oo
/
Layout needs to be clearly structured, understandable and easy to navi.t¢ e g ink /Awmﬁthe document to jump to key el |

Solution overview

o

Organisational policies Client requirements

| ey

Functional requirements

Technical requirements

G

&
X

Sy

Language —

S

Industry standard:

Constraints
What restrictions are there or limits on what the system
has to do or where it has to operate?
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/ /// d to communicate, and by w['z/ %///////é/////%
//é municate? How s data tran ///////
e ule/component interactions T
\ wo.U(context) | el
“System in the middle, /////// ///////////////

external entities B _

A

7

m

o

////////////////%

0
@%%%

W
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Levell

Expands the system to %///// gy,
include the processes

&
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Flowchart

e Design the algorithms behind the system, the processes.
e Shows the inputs, processes and outputs at each stage.

p
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and how these interact ; -
/ . ////////////
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PROGRAMMING TECHNIQ

Variables and constants

Data types
Variable: Constant

integer

i

;
wy |

1! 4atmﬂ/, M///fea(
Identifier naming conventions: the name given to variables / modules/ -~ /. double)
structures. - 4 A String
Identifiers must be meaningful, e.g. say what they are ste /a7 2 s“/;ta atis
. '//
being stored, xvz does not state what is being <2 s it o Boolean

///////

Kebab case:

Camel case: . )
Castmg: converting from one data type

to another. Use a function that casts, e.g.

here the function int () converts the
123" into the integer 123

r = int {7123

Se I ectien Write examples of

each programming
conshuct.

A condition is checked. The result of the check Iteration e
determines which code runs {and doesn’t run). Pre-condition:

Code runs repeatedly either a set number
F-THEN-ELSE of times or based on a condition,
e
Fixed loop:

e COPYRIGHT
) PROTECTED

2 % /ﬁ ; =

) /////’; //% // »».,,,/,/// . / .
_ /’/ ;/// 7 ////// = Eg
o e Post-condition:

SWITCH-CASE
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Encapsulation

Library:

Function:

Parameter:

Clage:

Qetter:

Settor:

File manipulation o

. Reading from a file i
[ //,,,,,/ 1

G5 i = 4
1 5
(] ) .,.,,//////
i
4

T N
;o

Data
s k: 7

Queue:

P9: Use source code comments, indentation and version
control to make the software solution maintainable

P10: Use appropriate naming conventions and data types in
the software solution.
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PROGRAMMING TECHNIC

Constructs e
File input
/

e Types of algorithm

O et

////

& 9%
é////

W

//////////
‘¢

N\

User input

Output to file Search’~

 cagia ///1 it ainadata
////‘s uctt //;/ﬁnd A'specific value.
. 2y, s searching algorithms
»w,,,,/////%ork in different ways. Two

examples are linear and binary.
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Binary search:
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lookup p Runtime environment
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TEST SOFTWARE SOLU

Component testing:

(" Requiremants tosting: ) 1 ( s

.
.
%
.
.
.
%
.
.
%

4 Complete the
descriptions of tesling

\ ’ ‘ . types and methods. )

Iterative

.

.

Testing System testing: ;{//{7}7 = %
types ‘
%%%%%%
///%
-
Elements e
to test?

Data storage

.
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ﬁlien t requirements \ Functional requirements

L

.

i\ el ents that you
der in your system

. cach of the headings.
1 //é
-

[ Robustnoss

R >
/ Non-functional requm o fi ///////{/é/ ]

.

Maintainability

Portability of software
solution

HCI accessibility principles
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