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Introduction

Our examiners’ reports are produced to offer constructive feedback on candidates’ performance in the
examinations. They provide useful guidance for future candidates.

The reports will include a general commentary on candidates’ performance, identify technical aspects
examined in the questions and highlight good performance and where performance could be improved.
A selection of candidate answers is also provided. The reports will also explain aspects which caused
difficulty and why the difficulties arose, whether through a lack of knowledge, poor examination
technique, or any other identifiable and explainable reason.

Where overall performance on a question/question part was considered good, with no particular areas to
highlight, these questions have not been included in the report.

A full copy of the question paper and the mark scheme can be downloaded from OCR.

Would you prefer a Word version?
Did you know that you can save this PDF as a Word file using Acrobat Professional?
Simply click on File > Export to and select Microsoft Word

(If you have opened this PDF in your browser you will need to save it first. Simply right click anywhere on
the page and select Save as . . . to save the PDF. Then open the PDF in Acrobat Professional.)

If you do not have access to Acrobat Professional there are a number of free applications available that
will also convert PDF to Word (search for PDF to Word converter).
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Paper 2 series overview

Paper 2 is about algorithms and problem solving. It tests candidates’ computational thinking ability to
analyse and solve problems. Candidates are expected to be able to write algorithms fluently in either
pseudocode or program code and to be able to trace algorithms. This means that candidates require a
solid grounding in standard data structures backed by practical experience. This paper also covers
Object Oriented Programming principles and candidates need to have extensive experience of Object
Oriented Programming (OOP) to be able to tackle section B of the paper successfully.

Candidates who did well on this paper Candidates who did less well on this paper

generally:

generally:

¢ displayed an ability to competently interpret o displayed little ability to interpret code or to be

and write pseudocode

demonstrated a clear understanding of OOP
principles allied to an ability to write code that
defined classes and used methods provided
for a given scenario

displayed a good knowledge of a range of data
structures and standard algorithms for
operations on the given data structures, the
data structures covered were linked lists, trees
and graphs

where levels of response questions were set it
was noticeable that stronger candidates tried

able to write basic algorithms using
pseudocode

showed a very limited understanding of OOP
that exposed little practical experience of
relevant programming

displayed limited knowledge of standard data
structures such as lists and trees, but had
some AO1 knowledge, but struggled more with
AO2 application

demonstrated very limited knowledge in levels
of response questions and struggled to apply
their learning to the scenarios given.

to make more AO3 evaluative comparisons
that were relevant to the scenarios given.
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Section A overview

Section A of the paper consisted of 8 questions, each with a separate theme.

Question | Topics covered

1 Tree and graph data structures, including Dijkstra’s algorithm
2 Computational thinking including decomposition and problem recognition
3 List data structures
4 Interpretation of procedural code
5 Recursion and tracing recursive functions
6 Writing pseudocode algorithms
7 Big O notation and algorithmic complexity
Concurrency
Merge sorting
IDE features
8 Computation thinking — thinking procedurally

Question 1 (a) (i)

1 Atree is one example of a data structure.
(a) (i) Give two characteristics of a tree data structure.

This question was generally well answered by most candidates with the most common answers including
different types of nodes such as root, child and leaf nodes.

Some candidates used vague terminology or used terminology more commonly associated with graphs
such as vertices instead of nodes, or edges instead of branches. Imprecise language such as
undirected/non-directed was used whereas it would have been clearer to have indicated that trees are
hierarchical structures that are rooted. Some candidates erroneously confused binary trees with general
trees stating that nodes could only have a maximum of two child nodes, as the tree in this question was
not specifically limited to the special case of a binary tree.

6 © OCR 2023
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Question 1 (a) (ii)

(ii) The following data is entered into a binary search tree.

22 13 5 36 55 14 8

Draw the binary search tree when the given data is entered in the order given.

[4]

Most candidates gained some marks, with many gaining full marks. Occasionally the left/right ordering of
child nodes was unclear, so marks could not be given in such instances.

Question 1 (a) (iii)

(iii) Describe how a leaf node is deleted from a binary search tree.

.21

This question was generally less successfully answered by many candidates. There was considerable
vagueness in some responses such as ‘finding the end node and removing it’. This left questions such
as ‘Which end node?’, ‘Removed how?’ for the examiner to infer, so were too vague to gain marks.

When candidates identified the need to locate the leaf node, most omitted the need for the parent node
pointer to be set to null to break the link. Very few candidates indicated that a deleted node would then
be added to a free list or that the memory freed could be retrieved via garbage collection.

7 © OCR 2023
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Question 1 (a) (iv)

(iv) Describe how a binary search tree can be searched for a value.

.. [4]

This question was generally well answered by many candidates who appreciated that a Binary Search
Tree (BST) could be efficiently searched because it is ordered, rather than traversed.

Weaker candidate often confused the search of a BST structure with traversal algorithms such as
breadth first or depth first traversals.

Question 1 (@) (v)

(v) Identify the order that the nodes will be visited in a depth-first (post-order) traversal of

H
C P
A F L T

.. [4]

Some candidates confused Depth First Search with other traversal algorithms, most commonly Breadth
First Search, but this question was generally answered well by most candidates. Another common
mistake was to output the nodes in the order in which they were first encountered rather than the order in
which they would be visited/output.

8 © OCR 2023
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Question 1 (a) (vi)

(vi) Explain how backtracking is used in depth-first (post-order) traversals.

.12

Some candidates described the term ‘backtracking’ in general, so did not answer the question, which
required a response in the context of a depth first tree traversal. Many candidates thought that
backtracking always began at the leftmost node, which is not true, it starts when a leaf node is reached.
However, a pleasing number of candidates did identify the first example of backtracking in the given tree,
from leaf A to parent node C.

Question 1 (b)
(b) A graph is another type of data structure.

An example graph is shown in Fig. 1.

Fig. 1

9 © OCR 2023
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Examiners’ report

Node

Distance travelled

Previous node

Final path: ... e

D= = =

[6]

Candidates answering ‘by inspection’ could gain 2 marks for the final path and distance, and many less
successful responses thus scored 1 or 2 marks by doing so, demonstrating little real understanding of
how Dijkstra’s algorithm operates. A common error was the incorrect solution ACDG that showed
ignorance of not continuing the search from the node with the least distance travelled that has not
already been marked as visited. For full marks there had to be an indication that the first path to G (19
from E) was overwritten by G (14 from D) for the last mark in the table. Relatively few candidates

demonstrated this.

10
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Question 2*

2* A company needs a new computer program that will create schedules for delivery drivers. It will
need to identify a possible order that the drivers can deliver items and possible routes they could
take.

Discuss how programmers could make use of problem recognition and problem decomposition
when designing this system.

You should include the following in your answer:

* adescription of both problem recognition and decomposition

= how each method can be used when designing the solution

= the benefits of using each method when designing the solution.

[9]

Many Level 1 responses gave simplistic definitions of problem recognition and/or decomposition, often
with more successful descriptions for decomposition. Relatively few candidates could clearly state that
problem recognition starts with identifying inputs and outputs. Some degree of application to the question
scenario context was required for Level 2. Most candidates’ marks clustered around Level 2 with 4 or 5
marks. Many generic answers focused on problem recognition and/or decomposition as learnt terms,
with associated benefits given, but little more than that, which limited marks to Level 2. For Level 3 an
evaluation of ideas relevant to the context of the scenario given was expected.

Some good responses indicated recognition of a pathfinding type problem with a need for shortest
path/A* algorithm, approximation to travelling salesman type solutions or the need to employ heuristics.
Candidates giving this level of insight often accessed Level 3.

11 © OCR 2023
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Question 3 (a)

3 Aprogram stores data in a linked list.

The current contents of the linked list are shown in Fig. 3, along with the linked list pointers.

location data pointer
headPointer | 1 0 "Bblue" 5]
freeListPointer | 4 1 "red" 0
2 "green" g
3 "orange" NULL
£ >
> 7
4] "grey" 2
T 9
g "purpls" 3
9 NULL
Fig. 3
(a) State the purpose of headPointer and freelistPointer in the linked list shown in
Fig. 3.
=== =
freseListPointer

12

While many candidates did gain full marks, a noticeable number of candidates struggled with the use of
technical language in this question. Where a candidate’s intention or meaning was clear, for example,
‘headPointer is the first item’ or ‘freeListPointer is the first free space’, marks were given. Some
candidates did not show an understanding that these pointers represented the start of two separate
linked lists within the static array structure.

12 © OCR 2023
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Question 3 (b)

(b) State the meaning of the pointers with the value NULL in the linked list shown in Fig. 3.

-]

This question was generally well answered, with many candidates gaining marks. A generic ‘no assigned
value’ was not given marks, as the response had to be answered in the context of the linked list, so end
of list/not pointing to another node was required, rather than stating pointing to nothing.

Question 3 (¢)

(c) A procedure outputs the data in the linked list shown in Fig. 3 from the first item in the list, to
the last item.

Give the output from the procedure.

. [2]

Again, this question was generally well answered by most candidates. The most common erroneous
answer was ‘Blue’ as it was the first item in Figure 3 given at index 0. This was invariably given as a
response when candidates did not know what the function of the headPointer was.

13 © OCR 2023
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Question 3 (d)

(d) A new item needs to be added to the linked list.

Describe how a new item is added to a linked list.

.- [4]

More successful responses gave good clear examples to illustrate a potential sequence of operations to
describe the process, and many therefore achieved 3 or 4 marks. For example ‘new item added to
location 4 indicated by FreeListPointer and its pointer set to Nul1l; Existing list searched from
headPointer to its end at Orange at index 3, and its pointer updated to the new last item in the list at

index 4.

Some candidates lacked appreciation that this was a static record structure in this scenario, so locations
from the free list had to be used. Many candidates were unclear as to how the end of the current linked
list was found, and just gave answers from that point onward without saying how it was found by
traversing to the end of the existing list. There were relatively few prepend type solutions, but they were
accepted as valid where seen.

14 © OCR 2023
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Question 3 (e)

(e) The function £indNode will search the linked list and return either the position of the node
that contains the data item, or -1 if the data item is not found.

The data held in a node at location x can be accessed with linkedList[x] .data. The
pointer of the node at location x can be accessed with 1inkedList [x] .pointer.

For example, using the linked list shown in Fig. 3:
linkedList[Z2] .data returns gresn.
linkedList[Z2] .pointer returns 8.

Complete the function, using pseudocode or program code.

function findNode (toFind, headPointer, linkedList)
currentNode = .
while (currentNode = .iiiiiiiiiiirraeerneens )
if linkedList[currentMNode] & e e ieaaen == toFind then
return currentNode
else
currentNode = 1inkedLi St [, ] .pointer

endif

endwhile

endfunction

[5]

This question required exact answers only. Many candidates gained some marks, and there was a good
distribution of marks. More successful programmers tended to get most of the marks available.

15 © OCR 2023
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Question 4 (a) (i)

4  Aprogrammer has designed a program that includes a reusable program component.

(a) The reusable program component is a function called isInteger (). This will take a string
as an argument and then check that each digit is between 0 and 9. For example if 103 is
input, it will check that the digits 1, 0 and 3 are each between 0 and 9.

The a=sc () function returns the ASCII value of each digit. For example asc ("1") returns

49.

The ASCII value for 0 is 48. The ASCII value for 9 is 57.

01
02
03
04
05
06
07
08
09
10

(i)

function isInteger (number)

result = true
for count = 0 to number.length-1
asciiValue = asc(number.substring(count, 1))
if not(asciivalue >= 48 and asciivValue <= 57) then
result = false
endif
next count

return result

endfunction

Identify one identifier used in the function isInteger().

-1

This question was generally well done (although slightly less well done than parts (a) (ii) and (a) (iii)), but
many candidates did very well. The most common erroneous responses were giving the names of
predefined functions/properties or giving relational operators.

Question 4 (a) (i)

(ii) Give the line number where the branching (selection) construct starts in the function

isInteger().

-1

This question required an exact answer only and was answered correctly by the majority of candidates.

16 © OCR 2023
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Question 4 (a) (iii)

(iii) Give the line number where the iteration construct starts in the function isInteger().

]

This question also required an exact answer only and was answered correctly by the majority of
candidates.

Question 4 (b)

(b) Describe the purpose of the following lines in the function isInteger ().

[T g L= 0 T

T = 0 T

(IR g =R 0L T

3]

This question required the purpose of the lines of code to be described, but many candidates just
described the functionally of the lines of code such as ‘line 03 is a counter controlled loop from 0 to
number.length -1’. The expected purpose of this line of code was to set up a loop to iterate through
each character in the input string parameter.

While many candidates could describe the purpose of at least one of the lines of code given, few could
clearly describe the purpose of all three lines.

17 © OCR 2023
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Question 4 (c)

(c) Give two reasons why reusable program components are used in programs.

12

Many less successful responses gave vague generalities such as ‘saves time’ or ‘more efficient’ without
specifying why or how. Paints given must be qualified in some way at A Level. For example, ‘saves
development time as pre-written routines are available’.

Pre-written or pre-tested, and saving development time due to already being written, were the most
popular answers.

18 © OCR 2023
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Question 5 (a)

5 Arecursive pseudocode function, recursiveflgorithm (), is shown.

01 function recursivellgorithm (value)

02 if value <= 0 then

03 return 1

04 elseif value MCD 2 = 0 then

05 return value + recursivelAlgorithm(valus - 3)
06 else

07 return value + recursivellgorithm(valus - 1)
08 endif

09 endfunction

(a) Describe the key features of a recursive algorithm.

You may refer to the function, recursiveRAlgorithm() in your answer.

- [3]

Weaker responses were limited to one or two points for ‘calls itself’ with example such as ‘line 05’. Fewer
candidates went on to identify the requirement for a base case. A variety of terminology was used for the
base case such as terminating case and stopping case. If candidates were clearly referring to the case
where the recursive calls stopped, and the recursion started to unwind, the mark was given.

19 © OCR 2023
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Question 5 (b)

(b) Trace the recursive function, recursiveflgorithm (), and give the final return value

when called with recursiveRlgorithm(10). You may choose to use the table below to
give your answer.

Function call valus return

Final return ValUE .....coeieeeeeceeeeeeee e erie e

[5]

While many candidates continue to find recursion a challenging topic there were many who
encouragingly achieved full marks. Weaker candidates traced the initial sequence of calls but found it

harder to identify the last call to recursiveAlgorithm(-1) thattriggered the base case and then
found it harder again to calculate the unwind sequence.

20 © OCR 2023
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Question 6

6

Octal is a base 8 number system.

To convert a denary number to base 8:

» the denary value is divided by 8 and the remainder is stored

» the integer value after division is divided by 8 repeatedly until 0 is reached
» the remainders are then displayed in reverse order.

Example 1:
Denary 38
38/ 8 = 4 remainder 6 6
4 /8 =0 remainder 4 4
Octal = 46
Example 2:
Denary 57
57 /8 = 7 remainder 1 1
7 /8 =0 remainder 7 7
Octal = 71

Write an algorithm to:

»  take a denary value as input from the user
»  convert the number to octal

= output the octal value.

You do not need to validate the input from the user.

Write your algorithm using pseudocode or program code.

Examiners’ report

..[6]

21
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In general, there was a very poor standard of pseudocode algorithms from less successful responses.
This demonstrated poor programming and limited problem-solving ability.

While there was no requirement to define a function the strongest candidates often did so, but then some
forgot the requirement specified in the question for user input, rather than just presenting a
parameterised function in isolation.

There were several common errors that were observed. A few candidates performed the octal
conversion for just two digits rather than generalising the solution for a denary number of any length.
Many candidates simply used ‘/’ for division without specifying integer division through //, DIV or floor
functions. Many candidates did not assign the result of a calculation to a variable for later use,
presenting lines of code such as ‘denaryNum MOD 8’ which was not given marks. The order required
for appending the remainder was frequently incorrect in many of the solutions that were presented,
although some candidates did reverse the string at the end of the process if they did ‘outString +=
remainder’ style solutions, which was acceptable.

Most candidates achieved at least 1 mark for taking user input, and then the majority also used either
modulus to calculate the remainder or integer division to calculate the value for the next iteration. Only
the strongest candidates scored 5 or 6 marks.

Exemplar 1

Antne = wPat (Mentey anahbert ) .
s
wWhitt  Valae = O

............................................

.................................................................
--------------------------------------------

..........................................................................................................................................................

..........................................................................................................................................................

...............................................................
...........................................................................................

----------------------------------------------------------------------------------------------------------------------------------------------------------

..........................................................................................................................................................

..........................................................................................................................................................

This candidate response is not language specific but the logic and the operations used are clear. It
shows clear logical structure with appropriate indentation of logical blocks. It was given full marks.

22 © OCR 2023
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Question 7* (a)

7* (a) A program designer needs to decide on an algorithm to use from a choice of three. The table
shows the worst-case Big O complexities for each algorithm.

Algorithm Time Complexity Space Complexity
1 Linear Exponential
2 Exponential Constant
3 Logarithmic Logarithmic

The program will be used to analyse data that can range from 2 items to 2 billion items.
Compare the use of all three algorithms and suggest which the programmer should use.

You should include the following in your answer:

» the meaning of constant, logarithmic, linear and exponential complexity
* how well each algorithm scales as the amount of data increases

*  which algorithm is the most suitable for the given task.

[9]

Several candidates confused logarithmic and exponential growth rates, and a significant number of
candidates thought that exponential complexity was the polynomial function O(n?) rather than O(2").
Many candidates also defined terms such as exponential complexity as ‘where it grows exponentially’,
such circular definitions were not given marks.

Level 1 responses identified some characteristics of Big O for constant, logarithmic, linear and
exponential complexity with some occasional errors or inconsistencies.

Level 2 responses gave reasonable descriptions of both time and space complexity alongside accurate
definitions for the complexity terms with an identification of algorithm 3 as being the best overall choice.

Level 3 responses had far more evaluative AO3 analysis but were few and far between. In this scenario
candidates identified that it depended on the value of n, as if n was very small, exponential time growth
was not an issue, so algorithm 2 might be preferential, but as n could grow to 2 billion this would be
intractable, so algorithm 3 was chosen as the most practical. The data set in question had 2 billion items
at most so log»2,000,000,000 = 30 meant space overheads in algorithm 3 were manageable with
modern storage capacities.
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Exemplar 2

J0. et A0 o) NSt Mivasncl.. sAQRS. et ...
& thvee  do e ovee of ipk.. TAAS. .. Mneh ok
Mssuive. hew. vaveh lons sy Tb. At to. fompe 2., 2V

Yol size. of. Are Sp A andl il arond e h'skwftk
R R T U0 O e SRR Lo~ s
Lonsind  co mp.l.t.&.\.'.ﬂ% ..... MEAD. Maek o e By M sizd.....
O 0ok, P Yt (loood  will olwen S bt A e
........ protess. . of ac.. Al loede  Prosesseed. .
E xpovanhal.. conapliaka %twsvu%wmkk}as ..... W put....
noneses,. sk loas it incneeses., Joval ot 4.
R T S O,
A>_sochhy Algondwa S is  dfwilely ictec!. sinu e cleds
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Nﬁaﬂ-’l«v‘"134\!?9?@4&7?@\/'}*.\«?%]/\\‘@%%&
5. accrplebl. [t Sevsll__inpls, i} quickiy  beeumes. . onngssouctle

mmpwodvbnnllwwwda{aqmc&&»hv‘eqwﬁémwh

------------------------------------------------------------------------------

Sinee Al§0*|’-|w % hed bo¥a Tim¢ and Specl
cmpuﬁ:uk as logerimie, ik will sele wsuy
wellyas  inpot voluwae  can imeneete  groatly with
My & Snaall deline do  pfeovmnne - winels
shotcln U} lge  nolderebly, ~nof s thart fort naos b
sitebde 4o M deshk

This response clearly demonstrates that a high scoring Level 3 response is possible within the space

provided. The second page of the response shows clear AO3 evaluation between the merits of the three
different algorithms and the scenario.
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Question 7* (b) (i)

(b) The program designer is investigating the use of concurrent processing.

(i) Describe what is meant by the term ‘concurrent processing'.

. [2]

Several candidates confused parallel processing (executing more than one instruction simultaneously)
with concurrent processing (where most than one process/task is running at the same time). A lack of
technical vocabulary was observed with many candidates giving responses such as ‘many things
processed at the same time’, without specifying what the ‘things’ were. Occasionally candidates
erroneously thought that processor pipelining was an example of concurrent processing.

While many candidates successfully identified that multiple processes are run simultaneously, fewer
went on give the mechanism by which this could be achieved. Where they did so, these included time-
slicing switching between different processes on a single processor, or use of multiple cores/parallelism
to simultaneously execute different processes.

Question 7* (b) (ii)

(ii) Give two benefits of using concurrent processing.

2

Candidates found it difficult to give well-qualified responses to this question. Many candidates gave the
definition for concurrency running multiple tasks at the same time as a benefit, which was not mark
worthy.

Quicker processing/improved performance was not enough on its own without specifying that this was
within a given time unit. Concurrent processing does not increase the actual speed of the CPU.
Efficiency as a benefit on its own was insufficient, whereas ‘less CPU idle time’ was a well-qualified
example of a benefit.

26 © OCR 2023
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Question 7* (c) (i)

(c) The programmer needs to use a merge sort in one part of the problem to sort items in
ascending order.

(i) Describe how a merge sort works.

. [5]

Many candidates were not precise in describing how the initial data set was repeatedly halved and did
not explain how the data set was actually broken down into individual items. Very few candidates could
accurately describe how the merge phase of a merge sort combines two separate ordered lists together,
and frequently this was omitted altogether. A number of candidates continued to demonstrate the
misconception that data is sorted within sub-lists, rather than by the actual merging of two separate
ordered lists together.

Misconception

Many candidates continue to think that a merge sort performs sorting of data within lists.

Merge sort performs the sorting part of the operation when it merges together two separate
sub-lists that are already in a sorted order. This is done with the use of a pointer to each of
the two sub-lists that acts as a placeholder. The two positions in the separate lists are
compared, and the smaller item is added to the new sorted list and the pointer is incremented.
The merging process then repeats until the sub-lists have been completely merged.
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Question 7* (c) (ii)

(ii) Give one benefit and one drawback of the programmer using a merge sort instead of a
bubble sort.

S 1= LU

I = =T o

12

Most candidates recognised that merge sort is typically quicker than bubble sort, but there were some
unqualified answers. Clear responses were phrased in terms of Big O complexities or the numbers of
data items to be sorted. Some candidates demonstrated greater understanding by commenting on the
best/average/worst case Big O complexities. The most common disadvantages for merge sort given
were additional memory overheads and the increased complexity of implementation.

A few candidates erroneously thought that bubble sort was always better for small sets of data, rather
than appreciating that it is a viable algorithm in terms of time complexity when the number of items n is
small. Few identified that bubble sort is better suited to when the list is already nearly sorted.
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Question 7* (d)

(d) The programmer uses an Integrated Development Environment (IDE).

Examiners’ report

Complete the table by identifying and describing three IDE features that can help the

programmer to develop, or debug a program.

IDE feature

Description

[6]

Most candidates scored well on this question which lent itself to a wide variety of potential answers.
Some candidates quoted ‘autocorrect’ rather than auto complete or suggested predictive code. IDEs can
have integrated run-time environments and translation software built-in or attached, but some responses
were rather vague or included repetition and did not make it clear that they were referring to an
integrated system. Sometimes the descriptive expansion or the initial identification of the point was
vague and required the identification plus the description boxes to be taken in combination to give the
mark. This was particularly evident when candidates gave a very vague ‘debugger/debugging’

identification.
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Question 8 (a)

8 Aprogram is being designed that will allow a user to log into an account on a website using a
username and password.

(a) Identify two possible inputs and one output this program will need.
T 10 SRR

T ) R

13

This question was generally well answered by most candidates, but answers had to be given in the
context of the scenario. Some less successful responses mistakenly identified input/output devices
rather than specific examples of inputs and outputs.

Question 8 (b)
(b) Identify two possible sub-procedures that could be used in this program.

12

This question was also generally well answered, but answers had to be given in the context of the
scenario. Thinking procedurally is specification point 2.1.3 which requires suitable procedures for a given
context to be identified. The context was explicitly for logging in to a system, not for creating user
accounts or setting up/validating password construction. The most common responses were checking if
the username existed and checking whether the username/password combination was correct.
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Section B overview

Section B referred to one specific scenario that revolved around a problem that was solved by using
OOP techniques. Those candidates who had very limited practical experience of OOP often produced
very little code when it was required.

Question 9 (a) (i)

9 Atext-based computer game allows a user to dig for treasure on an island. The island is
designed as a grid with 10 rows and 20 columns to store the treasure. Each square is given an
x and y coordinate. Some of the squares in the grid store the name of a treasure object. Each
treasure object has a value, e.g. 100 and a level, e.g. "Bronze."
(a) The computer game makes use of abstraction.

(i) Describe what is meant by the term abstraction and give an example of how abstraction
can be used in the treasure game.

T2 = o2 3 0o o

= | =

Many candidates identified that abstraction simplified or removed unnecessary detail to gain some
marks, but then found it harder to give an example relevant to the scenario. Many candidates gave
examples that related to graphics whereas the scenario explicitly stated that the game was text based.
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Question 9 (a) (ii)

(i) Give three benefits of using abstraction when writing a program.

Many candidates gained some marks, but most found it difficult to identify three distinct reasons, and
repetition was often observed in responses. Again, some candidate answers did not provide suitable
levels of qualification for the points given.
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Question 9 (b) (i)
(b) The treasure game is being programmed using an object-oriented paradigm.
A class, Treasure, is used to store the treasure objects.

The design for the Treasure class, its attributes and methods is shown here.

class: Treasure

attributes:
private walue : integer
private level : string

methods:

newi()

function getvValus()
function getlLevel ()

(i) The constructor method takes a value as an integer, e.g. 100, and a level, e.g. "bronze”,
as parameters and assigns these to the atiributes.

Write pseudocode or program code to declare the class Treasure.
You should define the attributes and constructor method in your answer.

You do not need to write the get methods.

. [51

This question either tended to be very poorly answered or very well answered. There was a clear
division between candidates who were comfortable writing OOP code and class constructors and those
that were not.

Weaker candidates with little OOP experience often confused the class declaration with the instantiation
method or offered no response. Many candidates often assigned the parameters to the private attribute
values rather than setting the attributes to the parameters being passed in.

Where candidates gave responses in programming languages and the intent of the response was clear,
marks were given. However, sometimes Python programmers did not make it clear (by
convention/comment) that class attributes were private.
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Question 9 (b) (ii)

(i) The get method getLevel () will return the appropriate attribute.

Write the method getLevel () using either pseudocode or program code.

- [2]

While there were many good responses it was also noted that a significant number of candidates
erroneously tried to send a parameter to a getter() function and then return the same parameter. Some
candidates did not return a value or simply tried to print the value. Other errors included writing the getter
method as a function call by omitting any indication that a function was being defined.

Question 9 (b) (iii)

(iii) Describe the object-oriented programming technique being used in part 9(b)(ii).

. [2]

Some candidates randomly picked an erroneous OOP term like polymorphism. Those candidates who
could correctly identify the use of encapsulation did not always go on to specifically state that this meant
access was controlled by a public getter() method.
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Question 9 (c)

(c) Aclass, Board, is used to store the 10 row (x coordinate) by 20 column (y coordinate) grid.

The design for the Board class, its attributes and methods is shown here.

class: Board

attributes:
private grid : Array of Tresasure

methods:

newl()

function getGridItem(x, Vv)

function setGridItem(x, y, treasureTolnssrt)

The constructor initialises each space in the grid to a treasure object with value as -1 and
level as an empty string.

Complete the following pseudocode for the constructor method.

public procedure new()
fOr oW = crceccvceceeieseene. &0 9
for column = 0 LO ccvveceirececeenaenn

[row, column] = New TIreasSUTe (oo

I'Ill:'
NEXL iiiiieerrssesissnanian
next row

endprocedure

[3]

Most candidates scored at least the first 2 mark-points for the grid dimensions, but far fewer could
construct OOP code requiring the attribute and the relevant default parameter value to be given.

35 © OCR 2023




A Level Computer Science - H446/02- Summer 2023 Examiners’ report

Question 9 (d)

(d) A procedure, guessGrid():
» takes a BEoard object as a parameter
*  accepts the row (x) and column (y) coordinates from the user
*  outputs "No treasure” if there is no treasure found at the coordinate (level is an empty
string)
. if there is treasure at that coordinate, it outputs the level and the value of the treasure in
an appropriate message.

Write the procedure guessGrid () using either pseudocode or program code.

- [7]

Many candidate responses gave very little beyond the procedure declaration and taking in the x and y
coordinates as inputs, thus scoring 2 marks at most. There was less successful understanding of how to
use the get() methods provided in the scenario to access the data. This is an area of the specification
that candidates require extensive practical experience of to be able to fluently answer questions like this
in examination conditions.

Many candidates tried to used grid[x, y] by inserting the coordinates into the parameter values and
did not identify it as an instance of an object that needed its attributes to be accessed via the appropriate
getter methods. Those candidates who tried to access the attributes directly without the appropriate
getter methods did achieve some further marks with follow through marks.

Competent coders often gave responses worthy of full marks within just a few lines of code.
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Exemplar 3
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This response clearly shows a logical and well-structured algorithm that uses the appropriate get()
methods to access the relevant attributes of the passed parameter object. Candidates who are fluent in
the use of OOP can present elegant and concise solutions.

Question 9 (e)

(e) Describe two benefits of using an object-oriented paradigm rather than a procedural
paradigm.

14

Many candidates were more successful on this part of Section B as it was an AO1 book learnt topic
rather than the preceding AO2 OOP programming application elements. However, benefits were often
poorly described, or OOP components were just named without a relevant expansion as to how they
could be used.
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Question 9 (f)*

(f)* The main program initialises a new instance of Board. The programmer is considering
declaring this as a global variable or as a local variable and then passing this into the
subroutines that control the game.

Compare the use of variables and parameters in this game.

You should include the following in your answer:

+ what is meant by a local variable and global variable

*  how local and global variables can be used in this program
» the use of passing parameters by value and by reference.

[9]

A good range of Level 2 responses were observed with competent descriptive definitions of local versus
global and byVal/byRef parameter passing.

There were far fewer high level AO3 evaluations of relative memory use within the context of the
scenario when passing byVal/byRef for a relatively large grid object. Good, contextualised responses
took the elements of the scenario in section B of the paper and talked about the grid object and passing
parameters like x and y coordinates. Responses such as this were relatively rare.

Assessment for learning

Candidates would benefit from producing solutions centred around the scenario presented in
@ Section B of the paper. Having extensive OOP programming experience in a relevant high

level language will help candidates to successfully tackle questions where algorithms have to

be presented. Sample Python code based on Section B is presented below for consideration.
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Assessment for learning

# 2023 Section B
class Treasure:

def init (self, pValue: int, pLevel: str):
self. wvalue = pValue

self. level = pLevel

def getValue (self):

return self. value

def setValue (self,pValue: int):

return self. pValue

def getlLevel (self):

return self. level

def setlevel (self,plevel: str):

return self. plevel
class Board() :

def init (self):
self. grid = [[Treasure(-1,"") for _ in range(20)] for  in range(10)]

def getGridItem(self,x: int, y: int):
return self. grid[x][y]

def setGridItem(self,x: int,y: int, pTreasure: Treasure) :

self. grid[x][y] = pTreasure
def guessGrid(b: Board) :

row = int (input ("Row: "))

col = int(input ("Col: "))

t = b.getGridItem(row, col)

if t.getLevel() == "":
print ("No treasure")

else:
print (f"Treasure found at {row} {col}!"™)

print (f"Level {t.getlLevel ()} Value {t.getValue()}")

# Test code - Treasure @ 2,2 all other locations no treasure
island = Board()
prize = Treasure(5,"Prize!")

island.setGridItem(2,2,prize)

guessGrid(island)
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