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Abstract. One element of the recent educational reform in Polanthes
qualification system, which consists of several typesxtérnal examinations.
The results of the Matura examinations, taken at the endecbndary
education, are now replacing entrance examinations to sitigsy and to other
institutions of higher education. The informatics Matura eration,
considered as an outcome of the secondary curriculum, andegslation for
informatics education, could play a significant role in thecess of improving
school education in this discipline. We decided to comparguating A-level
examination in England with the informatics Matura examinatio Poland.
The comparison is conducted on different levels: subjectiatitecheme of
assessment, examples of tasks, examiners reports.

1 Introduction

One element of the recent educational reform in Polartde qualification system,
which consists of several types of external examinatibins.role of the system is to
ensure the comparability of learning outcomes. The makteiorms of assessment
conducted at every educational stage are intended to helptstyaments, teachers,
schools and education authorities to make clear whichokchexemplify the
appropriate level of teaching. The results of these mat@xaminations are accepted
as an element of requirements for schools in the nagesh admitting candidates.
For example, the secondary schools take into considerhtioresults of tests passed
at the end of middle schools, and of the pupils’ gradea the school. The results of
the Matura examinations, taken at the end of secorethrgation, are now replacing
entrance examinations to universities, and to otistitutions of higher education.
The specification for the informatics Matura examioitis, at the same time, an
element of informatics education and of the qualificatsystem. Universities were
very careful in setting their entrance requirementstiquéarly based on the
informatics maturity examination results. Only few itustons allow this
gualification as an additional element of their entraneguirements. Computer
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Science departments at universities mainly require cardidatpass a mathematics
Matura examination as continuation of the traditionatragite examination in
mathematics.

The specification for the informatics Matura examiorti considered as an
outcome of the secondary curriculum, and as a regulatiomformatics education,
could play a significant role in the process of improvingost education in this
discipline.

The article in previous ISSEP proceedings [1] is aboutctireelation between
passing computing A-level examination and later performamcecomputing
university course. Its authors asked some important andiimgjuestions, so we
decided to refer to their work and to compare computing A-Exeemination with the
informatics Matura examination in Poland. The comparisas to be limited, because
our experience is itself necessarily limited. The fapsecification for the informatics
Matura examination was published in 2000, and there wege tarms for students to
pass this examination (May 2002, January 2003, May 2005). The ceoipasi
conducted on different levels: subject criteria, schefassessment, examples of
tasks, examiners reports.

2 Subject Criteria in England

Subject criteria for computing AS/A level are defined by tQualification and
Curriculum Authority (QCA) [2]. They are formulated ind areas.

2.1 Knowledge and Understanding

The main emphasis is placed on understanding the purposmpact iof a range of
computing applications and on the characteristics of n&tvand contemporary
processors, input, output and storage devices; the needdan@ans of connection
between devices; and the importance of adopting standdrdscandidate should be
familiar with key concepts important for software engiey (e.g. system
development life cycle, user interface, user requiremetgshnical and user
documentation) and for databases (e.g. data structurésodaeof finding, selecting
and managing information).

2.2 Skills

The skills are closely related to the analysis, desigplementation and evaluation of
real information processing systems.

The subject criteria are developed in the A-level smedibn prepared by the
examination board. After studying the one prepared by tlssegsment and
Qualifications Alliance (AQA) [4], we found the computingdpline presented from
a well-defined point of view. The student is not expecteddve experience and
practice in programming, but is allowed, rather, tovkisome programming language



concepts. He, or she, needs to know simple algorithmsnbcih more important is
the ability to select appropriate software, and test thatisn in meeting the
requirements of the problem. As far as it is possiblpteé it in one sentence, the
student is expected to present more general knowledge thaficsglélls. The skills,
defined in the AQA specification [4], are assessed bygla real project. It is a part
of the internal assessment, so the student is able o faoan extended period of
time on a well-defined activity.

3 Subject Criteria in Poland

In Poland, the subject criteria included in the spediboafor the informatics
Matura examination [7] are formulated in three areas:

- knowledge and understanding,

— using information,

— creating information.

3.1 Knowledge and understanding

The student demonstrates knowledge and understanding of basipts, methods,
tools and processes related to computing, and ig@ble
1. describe computing devices, tools and methods using prohaidal terms,
2. describe role, function and principles of using compaytstems (e.g. computer,
input, output and storage devices, networks),
3. describe different types of application software andsés
4. assess suitability and reliability of different sourgkemformation and
representation of different forms of information,
5. explain basic algorithms (e.g. serial search, binamchesorting, recursion,
numerical calculations);
6. describe IT development in modern society and its pergpec

3.2 Using information

The student applies knowledge to the solving practicedl theoretical tasks, and is
able to:

. use typical application software,

. solve tasks by using existing solutions,

. use networks for communication, file transfer, publighown materials,

. apply searching methods for processing informatioelational databases,

. use algorithms for solving typical problems,

. choose appropriate application software for solvérsg,t

. use knowledge and skills for solving tasks from schaoid everyday life.
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3.3 Creating information

The student uses computing methods for solving problemisaiie to:
1. analyse problem, specify and design its solution,
2. use computing methods (top-down design, structured appedgohithmic
strategies) for solving problems,
. write task solutions in the form of algorithms usirigtaof steps, flow charts,
programming language,
. evaluate correctness and efficiency of solution,
. design and create a relational database,
. use computing methods for modeling and simulation,
. use information from various sources for creatingimeldia documents,
. discuss and formulate opinions about social, legal dmchetonsequences of
the use of information and computers.

In each area, there are formulations related to algasithnd in the point Ill. 3 it is
directly stated that students should be able to writelatisn in a programming
language. Further developments of the subject criterismlies choosing the
appropriate application software for solving task aridmeans choosing a
programming language, in some cases. The student is expectadke decision
which tool should be used for solving a given task.
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4 Scheme of Assessment

Subject criteria are formulated at a very general Jeselthe comparison between
examinations should be more fruitful if we look at the sohef assessment and real
tasks.

AS/A level computing specification prepared by AQA [4] nseiéte general rule,
that AS is a first part and A2 — second (advanced) paktlevel examination. Each
of AS and A2 levels consists of three units, two thémsieand one practical. Passing
all these units takes 360 minutes for 4 theoretical amitssome extended period of
time to complete the real piece of work in two prattigsits. This meets the well-
known rule that the longer period of assessment time and dasample of real work
during the examination promotes more honest evaluationthef student's
achievements.

The informatics Matura examination in Poland can beguhsnly at an advanced
level. It consists of two units. The first one isheedretical unit, with no use of a
computer. It takes 90 minutes and student has to deal withastswer questions and
extended response questions. Unit 2 takes 150 minutes and stuoldnds practical
tasks using computers. In both units students work is marierhally by examiners.

At this stage of comparison, the most important aspecis¢o be the approach to
the practical part of the examination. In the unit 3AGA specification [4] the
student should solve a real problem formulated by the exdiminboard, using
appropriate software and coming through all stages of probtéving. He has to
prepare detailed documentation, which later is marked biettuler and additionally
he has to attach it to his answer sheet during theipation. This approach has two



great advantages: the student has enough time to competasth connected with
real life and to learn how to prepare good documentation.

In the unit 2 of the informatics Matura examinationHoland, the student has
limited time to analyse the problem, to choose arrggjate tool, and to solve the
task. In several tasks the examiners receive and rharkesults only. The correct
results could be obtained in a set time, if you know whalo, and you are clever in
using appropriate software. The limited time is, equdigth an advantage and a
disadvantage. It is possible to find which students arercievahoosing the best tool
and in thinking quickly and precisely. On the other sidegtigea limited range to the
tasks which could be solved in such a limited time. Anofiieblem is to write the
documentation. In the 2002 examination, students were askedeodacumentation
about the solution during the examination. It became dieatr this was very difficult
for many students. Later, the role of the documentatias meduced, but it is clear
that we were losing the opportunity of evaluating a weigortant skill.

5 Examples of Examination Tasks

The first example (Table 1) is a practical task frort Rrof the informatics Matura
examination (January 2003) [8].

Table 1 Numbers— task from unit 2 (Matura examination, January 2003)

Folder DATA contains text fles NUMBERS1.TXT and NUMBER.TXT,
which consist of natural numbers (positive integeesich number is put in|a
new separate line.
Your task is to prepare text file RESULTS.TXT, which tins answers to
the following questions:
1. What is the smallest number in NUMBERS1.TXT?
2. How many digits together are in NUMBERS1.TXT and
NUMBERS2.TXT?
3. How many times digit 8 is present in NUMBERS1.TXT?
4. Put in the file RESULTS.TXT all numbers from NUMBERSXT,
which do not contain digit 7.
5. Put in the file RESULTS.TXT all numbers, which gmesent in bot
files NUMBERS1.TXT and NUMBERS2.TXT.
6. If all numbers in file NUMBERS1.TXT are sorted iacanding orde
what numbers are at the positions: 1000, 1500 and 2000?

—

In solving the task from Table 1, it is important to ioet that file
NUMBERSL1.TXT contains 2000 numbers and that in both fieset are numbers
consisting of at most 54 digits. Hence, the numbersta cin not be represented as
integers in the software applications used by studentsy Thee to notice this
property of data during the analysis of the task and to ddeédehe numbers should
be represented as text (strings of digits). This taskwsvalso, if students are able to
choose appropriate software. The answers to four diteo$ix questions are easy to
find using a spreadsheet and in the case of questions 3 aithgler solution can be



obtained by writing a program. In the mark scheme, tloecetof the tool is not taken
into consideration, because students submit only thes fiwith results
(RESULTS.TXT). On the other hand the time limits ané tharacter of data
eliminate non-effective ways of solving the task.

The next example (Table 2) is the task from unit 1 of itHermatics Matura
examination (May 2002) [8].

Table 2 Weighing — task from unit 1 (Matura examination, May 2002)

a

Fig. 1 Scales with two containers

There aren small objects of different weight and the scales witt t
containers, as you can see in the Fig. 1. You canparltwo objects andb

in the same time into containers (this means oneatiperof weighing) and
this way you are able to decide, which of two objecligiger. Your task is to
find the lightest and the heaviest object from girebjects, using such the
scales.

1. What is the smallest number of operations of weggheeded to find the
lightest object? Explain it.

2. Specify exactly the task of finding the lightest andheaviest object i
the same time. Write an algorithm for this task usingdfssteps, flow
chart or programming language, which performs possibly lestpl
number of operations of weighing.

3. What is the number of operations of weighing peréatnby your
algorithm? Explain it.

-

In this task, the student is expected to recognize theeggoof weighing and
finding the lightest and the heaviest object as an afgorfor finding minimum and
maximum in the file simultaneously. He or she is agpected to be able to explain
the complexity of this method and to write an algorithm @hn@sen notation.

The following task (Table 3); published as Example one 2fgvel on the QCA
website [3] looks similar to the previous example (Tablea®jough it concerns
other algorithmic methods.



Table 3 Example one, Computing Exemplification A2 level

1. A rail company in Greater London plans to store datat its stations.
Data about the following five stations is stored im#éd list.
Hainault, Fairlop, Barkingside, Newbury Park, Gants Hill
With the aid of a diagram, show how these stations lmarstored in
alphabetical order in a linked list.
2. The names
Brentwood, Chelmsford, Dover, Epping, Frinton, Harwitford
are stored in a sequential file. Show the stages of
- aserial search

— abinary search
to find the name Frinton.
3. State one advantage and one disadvantage of a binary searpared

with a serial search.

4. Write an algorithm to merge two files. State any aggioms you make.

The student is expected to apply the concepts of a linkeé Isgrial and binary
search for the concrete situation and limited data.sthgent should demonstrate an
understanding of the methods. In the question 4, he has d¢dobdethe method of
merging two sorted files. The task (Table 3) deals witremconcepts than the
previous one, but in the previous task (Table 2), thdestushould describe the
method and its complexity in general terms not only fepecific example.

The next example (Table 4) is from unit 5 (AQA, Janud93) [5] and concerns
the relational databases.

Table 4 Question 9, Unit 5, Computing A-Level Examination (AQA, Jay2005)

o

A teacher of Advanced Level Computing uses a relationabdaé to recor
details of

- Students

- Work done by students on their Advanced level project

- Marks awarded for the system life cycle phases of astisderoject

— Description and maximum mark for each system life cycle
The teacher assigns
— A unique student identifier to each student
— A unique identifier to each system life cycle phase.
Work done by a student on a project is carried out
— On more than one date
— On different system life cycle phases on different dates
— On no more than one system life cycle phase on anigylartdate
- In only one time period on any particular date.
Students submit their work for assessment after comgletich phase of the
system life cycle.
The relational database uses four tables:
Student (StudentlD FirstName, Surname, DateOfBirth)
WorkDone (Date StudentlD  StartTime, LifeCyclePhaselD




DescriptionOfWorkDone, TimeSpent)
MarkAwarded (StudentlD) LifeCyclePhaselD DateSubmitted, Mark,
DateMarked, TeachersComments)
LifeCyclePhase(LifeCyclePhaselDLifeCycleName, MaximumMark)
1. Draw an Entity-Relationship (E-R) diagram for thbles:
- Student and WorkDone
- Student and MarkAwarded
- LifeCyclePhase and MarkAwarded
2. Using the SQL commands SELECT, FROM, WHERE and ahgrs
considered appropriate, write an SQL statement to queryldtebas
tables for each of the following
— The first name and surname of every student;
— The first name and surname of every student togethethatmark
awarded for the phase of the system life cycle witeQyfclePhaselD =
1, presented in ascending order of student surname.

—

1%

This is a typical task, and students are expected to diBvdiBgrams on the basis
of given definition of the tables and to write simple iggeusing SQL language.

Examples of similar tasks can be found in every pracpeat (unit 2) of the
informatics Matura examination in Poland. A task dealwith a database usually
requires a longer description; we therefore decided nptdsent here such a task
from our informatics Matura examination and only torp@ut some characteristics
of such tasks. In the practical part of the examinatiba students are given some
data in text files. The structure of the data, or theditmns of the task, suggest the
definition of tables in database. In some tasks, stsdare expected to design the
tables and relation among them according to given datastlidents should be able
to import data from text file to the database syséem than to prepare some queries
and finally to export the results back to text filedddpends on a task if the examiner
has to check only the results, or also the queries.

After studying the above examples of tasks, we found thaBtitish candidate,
who decides to pass computing A-level examination, should mgrate broader,
more general knowledge and understanding of the disciplmeur informatics
Matura examination we found more tasks in which the studamsexpected to
demonstrate efficiency in solving simple problems @redability to think critically.

6 Examiners’ Remarks

We have had access to the reports on the examinationtivo sessions (May 2002
and May 2005) in Poland [9] and we read the report from Ageknination board
from the January 2005 [6]. The general remarks are sinhildooth countries, the
examiners have to comment on the need to read the aqueesticefully. In the British
report, is also stated that “candidates should take moedrcaéxpressing themselves
clearly in order to ensure they obtain full credit toeir answers” and ‘it is expected
that candidates will use the correct technical teahthis level.”

Another problem reported by AQA examination board isfffitsent exposure to



programming techniques presented by many candidates. Thenexarstated that
candidates need more programming experience. On the ledhe in Poland, the
main difficulty was in insufficient preparation to sgdggbroblems and to formulate
algorithms. Many candidates, in both countries, fahé task has required analysing
the written algorithm to find its result, or to identifye purpose of it.

Candidate, who seems to have had practical experiencesiofy different
programming languages did well in the majority of questionsinit 5 of AQA
examination, also in the questions concerned relatiotabases. In Poland, teachers
were advised to take care about doing more tasks in whitstudents have to
analyse real problems.

7 Conclusion

Coming back to the questions asked in the article fromique ISSEP conference
[1], we agree that it is difficult to prove if passing coniipgitA-level examination or
the informatics Matura examination will be useful fater performance in computing
course at the university level. We understand also uhatersities are careful in
setting their entrance requirements based on inforsataturity examination results.
But the question is, whether the na@eneral Certificate in Education (connected
with the A-level examination) or the narvatura examination (the name originates
the word maturation — the process of becoming completely developed mentally o
emotionally) is likely to describe only a person retmlyake up university studying.
In Poland, the work done to establish the informaddesura examination played, and
still is playing, a significant role in the discussiabout informatics education at
secondary level. The need for preparing students for thisieation has influenced
teachers’ consciousness and caused the reflectioneindtvn qualifications and
teaching methods. In the future, the value of this exaimmahay change, but for
today it could be considered as a useful definition forste®ndary curriculum, and
as a model for informatics education, generally.
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