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GCE COMPUTER SCIENCE (Wales) 
SUMMARY OF ASSESSMENT 

 

This specification is divided into a total of 5 units, 2 AS units and 3 A2 units. Weightings 
noted below are expressed in terms of the full A level qualification. 

 
 

 AS (2 units) 
 

AS Unit 1 
Fundamentals of Computer Science 
Written examination: 2 hours 
25% of qualification 
 

Computer architecture, communication, data representation, data 
structures, programs, algorithms, logic, programming 
methodologies and the impact of computer science on society. 
 

AS Unit 2 
Practical Programming to Solve Problems 
On-screen examination: 2 hours  
15% of qualification 
 

The practical application of knowledge and understanding and 
will require the use of Visual Basic.NET, Python or Java as a 
programming language. 
 

 

  A Level (the above plus a further 3 units) 
 

A2 Unit 3 
Programming and System Development 
Written examination: 2 hours 
20% of qualification 

 

Programs, data structures, algorithms, logic, programming 
methodologies and the impact of computer science on society. 
 

A2 Unit 4 
Computer Architecture, Data, Communication 
Written examination: 2 hours 
20% of qualification 

 

Computer architecture, communication data representation, 
organisation and structure of data, programs, algorithms and 
software applications. 
 

A2 Unit 5 
Programmed Solution to a Problem 
Non-exam assessment 
20% of examination 

 

Candidates discuss, investigate, design, prototype, refine and 
implement, test and evaluate a computerised solution to a 
problem chosen by the candidate which must be solved using 
original code (programming). 
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SUBJECT CONTENT 
 

This specification promotes the integrated study of computer science.  It will enable learners 
to develop a broad range of skills in the areas of programming, system development, 
computer architecture, data, communication and applications. 
 
The knowledge, understanding and skills are set out in the two columns in the pages that 
follow.  The topic to be studied is in the first column, with the amplification in the second 
column.  There is no hierarchy implied by the order in which content and amplification are 
presented, nor should the length of the various sections be taken to imply any view of their 
relative importance. 

 

Unit 1 and Unit 2 

 
Unit 1: Fundamentals of Computer Science 
Written examination: 2 hours 
25% of qualification (62.5% at AS) 
 
Unit 2: Practical Programming to Solve Problems 
On-screen examination: 2 hours 
15% of qualification (37.5% at AS) 
 

1.   Hardware and communication 

 Identify and describe the hardware and communication 
elements of contemporary computer systems and how they 
are connected. 

Architecture Identify and describe the main units of contemporary 
computer architecture, including Von Neumann architectures. 

 Describe different types of memory and caching. 

 Describe and explain parallel processing. 

Fetch-execute cycle Describe the fetch-execute cycle showing how data can be 
read from RAM into registers. 

Input / output Describe the use of contemporary methods and their 
associated devices for input and output. 

 Explain the use of these methods and devices in 
contemporary computer systems and their suitability in 
different situations.   

Secondary storage Compare the functional characteristics of contemporary 
secondary storage devices. 

Data storage on disc Explain fragmentation and its consequences and describe the 
need for defragmentation. 
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Networking Describe networks and how they communicate. 

 Describe the use of a range of contemporary protocols 
including HTTP, FTP, SMTP, TCP/IP, IMAP, DHCP, UDP and 
wireless communication protocols. 

 Explain the role of handshaking. 

Internet Describe the internet in terms of a world-wide 
communications infrastructure. 

  

2. Logical operations  

 Draw truth tables for Boolean expressions consisting of AND, 
OR, NOT and XOR logical operations. 

 Apply logical operations to combinations of conditions in 
programming, including clearing registers and masking. 

  

3.   Data transmission  

 Describe serial and parallel transmission, their advantages 
and disadvantages. 

 Describe simplex, half duplex and full duplex transmission 
methods. 

 Explain the need for multiplexing and switching. 

Communication networks Describe, using appropriate network protocols, such as 
TCP/IP the typical contents of a packet. 

 Explain network collision, network collision detection and how 
these collisions are dealt with. 

 Describe methods of routing traffic on a network. 

 

4.   Data representation and data types 

Representation of data as 
bit patterns 

Explain the terms bit and byte. 

 Describe and use the binary number system and the 
hexadecimal notation as shorthand for binary number 
patterns. 

Storage of characters Describe how characters and numbers are stored in binary 
form. 

 Describe standardised character sets. 
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Data types Describe the following different primitive data types, Boolean, 
character, string, integer and real.    

 Describe the storage requirements for each data type. 

Representation of 
numbers as bit patterns 

Apply binary arithmetic techniques. 

 Describe truncation and rounding, and explain their effect 
upon accuracy. 

  

5.   Data structures  

 Describe, interpret and manipulate data structures including 
arrays (up to two dimensions) and records. 

 Describe the manipulation of records and arrays. 

 Select, identify and justify appropriate data structures for 
given situations. 

  

6.   Organisation of data  

 Explain the purpose of files in data processing. 

File design Define a file in terms of records and fields. 

 Explain fixed and variable length fields and records and give 
examples of the appropriate use of each type. 

 Design files and records appropriate for a particular 
application. 

File organisation Distinguish between master and transaction files. 

 Describe sequential, indexed sequential and direct (random) 
file access.   

 Distinguish between the use of serial and sequential file 
access methods in computer applications. 

 Describe and design algorithms and programs for sequential 
file access and update.    

 

 Explain the need for file security, including file backup, 
generations of files and transaction logs. 

 Describe the need for archiving files. 
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 Data validation and 
verification 

Explain and apply appropriate techniques for data validation 
and verification. 

 Design algorithms and programming routines that validate 
and verify data. 

  

7. Database systems  

 Describe and discuss the benefits and drawbacks of 
relational database systems and other contemporary 
database systems. 

 Describe the use of primary and foreign keys, indexes and 
links. 

 Describe the advantages of different users having different 
views of the data in a database. 

  

8. The operating system  

Managing resources Describe the role of the operating system kernel in managing 
resources, including peripherals, processes, memory 
protection and backing store. 

Providing an interface Describe the role of the operating system in providing an 
interface between the user and the hardware. 

Managing backing store Explain the hierarchical structure of a directory and describe 
file attributes. 

Modes of operation Describe the main features of batch processing, real time 
control and real time transaction systems. 

 Identify and describe applications that would be suitable to 
these modes of operation. 

Consideration of human-
computer interaction  

Explain the need to design systems that are appropriate to 
the variety of different users at all levels and in different 
environments. 

 

9. Algorithms and programs 

 Explain the term algorithm and describe common methods of 
defining algorithms, including pseudo-code, flowcharts and 
structured English.    

Variables and constants Identify and explain the use of constants and variables in 
algorithms and programs. 
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Identifiers Describe why the use of self-documenting identifiers, 
annotation and program layout are important in programs.   

Give examples of self-documenting identifiers, annotation 
and appropriate program layout. 

Scope of variables Describe the scope and lifetime of variables in algorithms 
and programs. 

Parameters  Explain the purpose and effect of procedure calling, 
parameter passing and return, call by reference and call by 
value. 

Mathematical operations Identify, explain and use mathematical operations in 
algorithms, including DIV and MOD. 

Sorting  Describe the characteristics of sorting algorithms: bubble 
sort and insertion sort. 

Searching Explain and apply a linear search algorithm. 

 Explain and apply the binary search algorithm. 

 Describe appropriate circumstances for the use of each 
searching technique. 

 Follow search and sort algorithms and programs and make 
alterations to such algorithms. 

 Write search algorithms and programs. 

Problem analysis Analyse a problem using appropriate design approaches. 

Programming constructs 

 

Identify, explain and use sequence, selection and repetition 
in algorithms and programs. 

 Identify, explain and use counts and rogue values in 
algorithms and programs. 

 Follow algorithms and programs involving sequence, 
selection and repetition and make alterations to such 
algorithms. 

 Write algorithms and programs involving sequence, selection 
and repetition to solve non-standard problems. 

Modular programming Identify and explain the nature, use and possible benefits of 
standard functions, standard modules and user defined 
subprograms. 

Logical operations in 
algorithms and 
programs 

Identify, use and explain the logical operators AND, OR, 
NOT and XOR in algorithms and programs. 

Compression Explain data compression and the difference between lossy 
and lossless compression. 
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Testing Select appropriate test data to dry-run a program or 
algorithm in order to identify possible errors. 

 Explain the purpose of a given algorithm by showing the 
effects of test data.   

 

10. Principles of programming 

 Describe the distinguishing features of different types of 
programming paradigms, including procedural, event-driven, 
visual and mark-up languages. 

Levels of computer 
language 

Describe the differences between high-level and low-level 
languages. 

 Identify and describe situations that require the use of a 
high-level or a low-level language. 

Types of computer 
language 

Identify and justify which type of language would be best 
suited to develop a solution to a given problem. 

  

11. System analysis  

Feasibility Describe the purpose of a feasibility study and describe the 
processes that an analyst would carry out during a feasibility 
study. 

 Explain that proposed solutions must be cost effective, 
developed to an agreed time scale and within an agreed 
budget. 

Investigation and 
Analysis 

Describe the different methods of investigation.   

 Analysis of a problem using appropriate techniques of 
abstraction and decomposition. 

Design Represent and interpret systems in an appropriate 
diagrammatic form showing the flow of data and the 
information processing requirements.   

 Describe the selection of suitable software and hardware to 
address the requirements of a problem. 

Changeover Describe the various methods of changeover: direct, pilot, 
phased and parallel, identify the most suitable in a given 
situation and their relative merits. 

Program testing Describe the use of alpha, beta and acceptance testing. 

Maintenance Describe the nature and use made of perfective, adaptive 
and corrective maintenance.    
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Backup and recovery Describe different procedures for backing up and recovering 
data. 

Documentation Describe the contents and use made of user documentation 
and maintenance documentation, including annotated 
listings, variable lists, algorithms and data dictionaries. 

 

12. Human-computer interaction 

 Discuss contemporary approaches to the problem of 
communication with computers. 

 Describe the problems of ambiguity that can be associated 
with input that is spoken. 

  

13. Software engineering  

Software tools Explain the role of Integrated Development Environment 
(IDE) tools in developing and debugging programs.   

  

14. Program construction  

Compilers, interpreters 
and assemblers 

Describe the principal stages involved in the compilation 
process: lexical analysis, symbol table construction, syntax 
analysis, semantic analysis, code generation and 
optimisation. 

 

15. The need for different types of software systems and their attributes 

Types of software Explain the use of a range of types of software, including 
open source software, bespoke and off-the-shelf. 

Industrial, technical and 
scientific 

Describe the role of the computer in weather forecasting, 
computer aided design, robotics and the use of computer 
generated graphics and animation. 

Expert systems Explain the purpose, use and significance of expert systems. 
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16. Practical programming  

Designing programs 

 

Design all the required data structures to a given problem 
and fully define them in terms of fieldnames, data types, key 
fields and requirements for validation.  Consider and fully 
describe the methods of access. 

Design programming routines to be used to handle and 
process data for a given problem.  Document these designs 
using a structured convention such as pseudo-code. 

Develop programs 

 

Use a documented design to produce a functional prototype 
to a given problem. 

Demonstrate understanding of code used by producing 
annotated listings. 

Evaluate programs Produce an evaluation of the programming language used to 
create a solution. 

Identify the successful features of a system and make 
specific suggestions for improving less successful areas of 
the system. 

Describe the weaknesses and strengths of own performance 
in the design and prototyping of the solution.   

 

17. Data security and integrity processes 

Privacy and security Describe the dangers that can arise from the use of 
computers to manage files of personal data. 

 Describe contemporary processes that protect the security 
and integrity of data including standard clerical procedures, 
levels of permitted access, passwords for access and write-
protect mechanisms.    

Disaster planning Describe the various potential threats to computer systems. 

 Describe contingency planning to recover from disasters. 

Malicious and accidental 
damage 

Describe malicious and accidental damage to data and 
identify situations where either could occur.   

 

18. Economic, moral, legal, ethical and cultural issues relating to computer science 

 Describe social and economic changes occurring as a result 
of developments in computing and computer use, and their 
moral, ethical, legal, cultural and other consequences. 

Effect on employment Describe the possible effects of computers on the nature of 
employment in the computing industry and wider society. 

Legislation Explain how relevant legislation impacts on security, privacy, 
data protection and freedom of information. 
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Unit 3 

 
Unit 3: Programming and System Development 
Written examination: 2 hours 
20% of qualification 
 

1. Data structures  

 Describe, interpret and manipulate data structures 
including arrays (up to three dimensions), stacks, queues, 
trees, linked lists and hash tables. 

 Describe the manipulation of arrays (up to three 
dimensions). 

 Represent the operation of stacks and queues using 
pointers and arrays. 

 Represent the operation of linked lists and trees using 
pointers or arrays. 

  

2. Logical operations  

 Draw truth tables for Boolean expressions, including 
NAND and NOR logical operations. 

 Apply logical operations to combinations of conditions in 
programming, including clearing registers, masking and 
encryption. 

 Simplify Boolean expressions using Boolean identities, 
rules and De Morgan’s laws.   

 

3. Algorithms and programs 

 Explain the term algorithm and describe common 
methods of defining algorithms, including pseudo-code 
and flowcharts.    

 Recursion Explain the use of recursion in algorithms and programs 
and consider the potential elegance of this approach. 

 Validation and 
verification 

Identify, explain and apply appropriate techniques of 
validation and verification in algorithms and programs. 

 Sorting  Explain the need for a variety of sorting algorithms both 
recursive and non-recursive.    

 Describe the characteristics of sorting algorithms, 
including quicksort. 

 Explain the elegance of quicksort and its efficiency. 
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 Searching Explain and apply a shortest-path algorithm. 

 Compare the efficiency of linear and binary searches. 

 Follow search and sort algorithms and programs and 
make alterations to such algorithms. 

 Write search and sort algorithms and programs. 

 Logical operations in 
algorithms and programs 

Identify, use and explain logical operators in algorithms 
and programs, including NAND and NOR. 

 Traversal of data 
structures 

Write and interpret algorithms used in the traversal of 
data structures. 

 Compression Explain data compression and how data compression 
algorithms are used. 

 Compare and explain the efficiency of data compression 
algorithms. 

 Testing Select appropriate test data.   

 Dry-run a program or algorithm in order to identify 
possible errors, including logical errors. 

 Explain the purpose of a given algorithm by showing the 
effects of test data. 

 Compare and explain the complexity and efficiency of 
given algorithms in terms of their execution time, their 
memory requirements and between algorithms that 
perform the same task.   

 

4. Principles of programming 

 Explain the nature and relative advantages of different 
programming paradigms, and identify possible situations 
where they may be used. 

 Describe the role of an object-oriented approach to 
programming and the relationship between object, class 
and method. 

 Describe the need for the standardisation of computer 
languages, and the potential difficulties involved in 
agreeing and implementing standards. 

 Identify ambiguities in natural language and explain the 
need for computer languages to have an unambiguous 
syntax. 

 Interpret and use formal methods of expressing language 
syntax: syntax diagrams and Backus-Naur form 
(extended Backus-Naur form is not to be used). 
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5. System analysis  

 Approaches Describe different appropriate approaches to analysis and 
design, including Waterfall and Agile. 

 Documentation Explain at which stage of the development which pieces 
of documentation would be produced. 

  

6. System design  

 Human-computer 
interaction 

Describe the potential for a natural language interface. 

 Design validation Explain the need for a design review to: check the 
correspondence between a design and its specification; 
confirm that the most appropriate techniques have been 
used; confirm that the user interface is appropriate. 

 Design evaluation Describe criteria for the evaluation of computer based 
solutions. 

  

7. Software engineering  

 Software tools Describe the types of software tool that have been 
designed to assist the software engineering process. 

 Explain the role of appropriate software packages in 
systems analysis, systems specification, systems design 
and testing. 

 Explain program version management. 

  

8. Program construction  

 Compilers, interpreters 
and assemblers 

Describe the function of translation programs in making 
source programs executable by the computer. 

 Describe the purpose and give examples of the use of 
compilers, interpreters and assemblers, and distinguish 
between them. 

 Distinguish between and give examples of translation and 
execution errors. 

 

9. Economic, moral, legal, ethical and cultural issues relating to computer 
science 

 Professional behaviour Describe the role of codes of conduct in promoting 
professional behaviour. 
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Unit 4 

 
Unit 4: Computer Architecture, Data, Communication and Applications 
Written examination: 2 hours 
20% of qualification 
 

1. Hardware and communication 

 Architecture Identify and describe the main units of contemporary 
computer architecture. 
 

 Describe and explain the limiting factors to parallelisation 
in parallel processing. 
 

 Calculate the runtime of given tasks as a result of 
parallelisation and evaluate the effect of parallelisation. 
 

 Assembly language 
 programming 

Write simple programs in assembly language and 
demonstrate how these programs could be executed.   
 

 Input / output Describe and differentiate between voice input for 
command and control systems to operate a computer 
system, vocabulary dictation systems for general input 
and voice print recognition for security.  Discuss the 
suitability of each system in different situations. 
 

Networking Identify and describe applications where connecting a 
portable device to a network is required.    
 

 Describe the hardware required to make a wireless 
connection and explain how this might be achieved using 
contemporary wireless technologies. 
 

  
2. Data transmission 
 

 

 Communication 
 networks 

Calculate data transfer rates on a network. 
 
Calculate lowest cost routes on a network. 
 
Describe the internet in terms of a world-wide 
communications infrastructure. 
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3. Data representation and data types 

 Representation of 
 numbers as bit patterns 

Explain the representation of positive and negative 
integers in a fixed-length store using both two’s 
complement, and sign and magnitude representation. 

 Explain and use shift functions: logical and arithmetic 
shifts.  Interpret and apply shifts in algorithms and 
programs. 

 Describe the nature and uses of floating point form. 

 State the advantages and disadvantages of representing 
numbers in integer and floating point forms. 

 Convert a real number to floating point form.   

 Explain the effect of truncation and rounding on accuracy. 

 Describe the causes of overflow and underflow. 

 

4. Organisation and structure of data 

 File design Describe how files may be created, organised, updated 
and processed by programs. 

 File organisation Explain the purpose of, and be able to use, a hashing 
algorithm. 

 Compare different hashing algorithms. 

 Explain the use of multi-level indexes. 

 Explain the techniques used to manage overflow and the 
need for file re-organisation. 

 

5. Databases and distributed  systems 

 Explain what is meant by data consistency, data 
redundancy and data independence. 

 Explain what is meant by relational database organisation 
and data normalisation (first, second and third normal 
forms). 

 Restructure data into third normal form. 

 Explain and apply entity relationship modelling and use it 
to analyse simple problems.   

 Explain how the data can be manipulated to provide the 
user with useful information. 

  



DRAFT GCE Computer Science (Wales) 16 

© WJEC CBAC Ltd. 

Data validation and 
verification 

Explain and apply appropriate techniques for data 
validation and verification of data in databases. 

 Searching data Explain the purpose of query languages. 

 Construct and run queries using Structured Query 
Language (SQL).   

See Appendix D for the list of SQL commands and 
operators with which learners should be familiar. 

 Database management 
 systems 

Explain the purpose of a database management system 
(DBMS) and data dictionaries. 

 Big Data Explain what is meant by Big Data, predictive analytics, 
data warehousing and data mining. 

 Distributed systems Explain that distribution can apply to both data and 
processing. 

 Describe distributed databases and the advantages of 
such distribution. 

 

6. The operating system 

 Types of operating 
 system 

Explain the following types of system: batch, single-user 
(standalone), multi-user (multi-access), multi-tasking and 
multi-programming.    

 Interrupts Describe a range of conditions or events which could 
generate interrupts. 

 Describe interrupt handling and the use of priorities. 

 Describe the factors involved in allocating differing 
priorities. 

 Memory management 
 and buffering 

Explain the reasons for, and possible consequences of, 
partitioning of main memory. 

 Describe methods of data transfer including the use of 
buffers to allow for differences in speed of devices. 

 Describe buffering and explain why double buffering is 
used. 

  



DRAFT GCE Computer Science (Wales) 17 

© WJEC CBAC Ltd. 

 Scheduling Describe the principles of high level scheduling: 
processor allocation, allocation of devices and the 
significance of job priorities. 

 Explain the three basic states of a process: running, 
ready and blocked. 

 Explain the role of time-slicing, polling and threading. 

 

7. The need for different types of software systems and their attributes 

 Types of software Explain the use of a range of types of software 

 Safety related systems Explain that some computer applications are safety 
related and require a high level of dependability, and 
hence that the development of safety critical systems is a 
highly specialised field. 

 Control systems State the nature and scope of computer control and 
automation. 

 Describe the benefits and implications of automation. 

Expert systems Discuss the possible effects of expert systems on 
professional groups and the wider community. 

 Internet and Intranet Describe the use of search engines on the internet. 

 Describe common contemporary applications. 

 Discuss the possible effects of the internet upon 
professional groups and the wider community. 

 

8. Data security and integrity processes 

 Protecting data 
 integrity 

Explain the special security and integrity problems which 
can arise during online updating of files. 

 Cryptography Describe the need for and the purpose of cryptography. 

 Describe techniques of cryptography and their role in 
protecting data. 

 Follow algorithms and programs used in cryptography. 

 Compare cryptographic methods and their relative 
strength. 
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 Biometrics Describe the purpose and use of contemporary biometric 
technologies. 

 Describe the benefits and drawbacks of biometric 
technologies. 

 Malicious software and 
 mechanisms of attack 
 and defence 

Describe types and mechanisms of malicious software 
and their vectors. 

Describe black hat hacking, white hat hacking and 
penetration testing. 
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Unit 5 

 
Unit 5: Programmed Solution to a Problem 
Non-exam assessment 
20% of qualification 
 
This unit requires the learners to investigate, design, prototype, implement, test and evaluate 
a computer solution to a substantial problem of their own choice.  The learner’s chosen 
problem must provide sufficient scope for them to access the marks available for each 
section of the work. 
 
Learners need to investigate their chosen problems in sufficient detail to identify how data is 
collected, processed and output currently.  The current system may be either paper-based or 
electronic. 
 
Following the identification of their problems, learners should prepare sufficient 
documentation to allow them to take part effectively in the discussion with their teachers 
and/or peers. 
 
Notionally this task will require 72 guided learning hours, which includes teaching time. 
 

1. Discussion  

 
Describe, to others, the broad aims of the project 
specifying possible limitations to the solution of the 
problem. 
 
Identify and describe, to others, the possible limitations of 
a solution to the problem.   
 
Consider and use feedback from others to refine 
understanding of the problem and proposed solution. 

  

2. Investigation  

 
Carry out an investigation of the current system using a 
variety of appropriate methods. 
 
Analyse data collected for input and processing by the 
current system. 
 
Identify and describe all outputs from the current system. 
 
Consider the limitations of the current system. 
 
Produce a working specification that summarises the 
purpose of the project. 
 
Justify the methods to be used in the solution to the 
problem 
 
Set objectives, including measurable success criteria for 
the proposed system. 
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3. Design  

Input and output To achieve each of the stated objectives: 
 
Specify, design and document screen layouts, reports 
and other forms of input and output required to create the 
user interface.   
 

 Data structures and 
methods of access  

 

Design and document all data structures that will be 
required to produce the output for the solution to the 
problem together with the method of accessing the data in 
that data structure.   
 
Ensure that all data entered into the system is valid. 
 

 Processing stages Design programming routines to be used to handle and 
process data within the proposed solution to achieve each 
objective.  Document these designs using a structured 
convention such as pseudo-code. 

 

4. Prototype 

 
 

Produce a functional prototype using the documented 
design. 
 

5.   Post-prototype refinement of design 
 
 Obtain feedback from competent third parties. 

 
Refine designs in light of the feedback received. 
 

  
6. Software development 
 

 

 Refine the prototype using the amended design 
documentation ensuring that the finished system is 
functional and suitable for audience and purpose. 
 
Produce annotated listings for the finished system to 
facilitate future maintenance. 
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7. Testing   

 Testing plan Design a test plan to test: 

 each individual system function 

 that each individual function works with typical, 
extreme or invalid data 

 the whole system to ensure that the system 
produces the correct results for the data input. 

 Actual test runs  Produce annotated test runs that include commentaries 
on the outcomes of the testing process. 

  

8. Evaluation  

 

 Evaluate the system  Produce an evaluation of the programming language 
used to create the solution. 

Compare the solution with similar commercially available 
systems. 

Identify the successful features of the system and make 
specific suggestions for improving less successful areas 
of the system. 

Describe the weaknesses and strengths of own 
performance in the design and prototyping of the solution.   

Describe changes of approach that would be adopted to 
solve a similar problem. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
GCE Computer Science Outline/ED 
7/7/14 


