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Abstract

A number of studies report about students’ difficulties with basic flow-control 
constructs, and specifically with iteration. As part of a project whose long-run 
goal is identifying methodological tools to improve the learning of iteration 
constructs, we analyzed the answers of a sample of 164 high school students to 
three small programming tasks and two questions on their perception of 
difficulty. The results of the analysis suggest that more teaching efforts should be 
addressed to the development of a method to approach programming tasks 
and, more specifically for iteration, to the treatment of loop conditions in 
connection with the specifications in the application domain
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1. 	 Introduction 

Students’ difficulties to master programming concepts are well known to 
computer science educators [1,5,7]. The reasons may be manifold, including 
lack of problem solving skills, accuracy, or intensive practice; according to 
Gomes and Mendes, in particular, programming requires “not a single, but a set 
of skills” [4]. However, part of the difficulties may be related to the habits and 
expectations of both teachers and learners [5,9]. Recurrent problems and 
misconceptions have been revealed even for such basic flow-control constructs 
as conditionals and loops [2,6]. Although these issues have not yet been widely 
explored for pre-tertiary education, anecdotal evidence suggests that high-
school students may fail to develop a viable model of the underlying 
computation or be unable to grasp the connection between code execution and 
functional purpose.

On this basis, we engaged on a project to investigate the teaching and learning 
of iteration, at secondary school level, as well as to identify methodological tools 

Mondo Digitale                                                                                              Dicembre 2020



Didamatica 2020

to enhance code comprehension. The first steps of this project, discussed in 
[10], explored teachers’ and students’ perceptions of the main difficulties that 
can hinder the mastery of programming, in general, and more specifically of 
iteration. Here we will proceed by analyzing students’ performances in three 
tasklets involving different features of the iteration constructs and the answers to 
two questions about their subjective perception of difficulty.

The structure of the paper is as follows. After presenting, in section 2, the two 
questions and the three tasklets, in section 3 we summarize the results of the 
analysis. Then, in section 4 we discuss our interpretation of the findings and 
outline possible future perspectives.

2.	 Tasklets and questions

The survey was administered to 164 students attending classes on introductory 
programming, mostly at the end their second or third year, depending on the 
kind of school, lyceum or technical institute. The survey included a few general 
questions and three small tasks addressing each of the learning dimensions 
introduced in [8], namely the understanding of the computation model 
underlying iteration, the ability to grasp the relationships between loop 
components and problem at hand, the ability to abstract on the program 
structures based on iteration constructs. Two of the questions, in particular, were 
meant to investigate students’ perception of difficulties with iteration.

To address program comprehension, the first aspect that we considered 
important to explore was the ability to understand the connection between loop 
condition and statement of the problem (tasklet 1, where the program was given 
in flow-chart form). A second aspect addressed by our analysis was students’ 
mastery of the “mechanics” of the functioning of a loop controlled by a non-trivial 
condition (tasklet 2). The third aspect that we wanted to investigate was the 
ability to grasp comprehensively combinations of conditionals and iteration 
constructs, for which we asked to recognize equivalence between different 
programs (tasklet 3).


2.1.	 Tasklet 1: identifying the correct loop condition

Task description:  
The algorithm represented by the flow chart in Fig. 1 computes the number of 
bits of the binary representation of a positive integer n, i.e. the smallest exponent 
k such that 2k is greater than n. Choose the appropriate condition among the 
four listed below. 


The four options are:  “2k = n”,  “2k ≤ n”,  “2k < n”  and  “2k > n”.

This task can be achieved by carefully reading the above statement and then by 
figuring out the relationship between k and n after exiting the loop, depending 
on the chosen condition.
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2.2.	 Tasklet 2: determining the number of iterations

Task description: 

The program whose code is shown in Fig. 2 checks if two positive integers m 
and n are co-prime. If the input values are m=15 and n=44, how many times the 
while loop will iterate?

Students had to choose among five options:  “0”,  “1”,  “2”,  “3”,  “4 or more”,  
and  “the loop never ends”.  

As we can see in Fig. 2, the loop presents a composite condition (with two ands) 
and a nested if-else construct. The correct option can be identified by tracing 
the code execution.


2.3.	 Tasklet 3: recognizing functionally equivalent programs

Task description: Consider the five programs in Fig. 3 and assume that the input 
values of m and n are always positive integers. Two such programs are 
equivalent if they compute and print the same output whenever they are run with 
the same input data. Identify the equivalent programs in Fig. 3.

In order to approach this last task on functional equivalence, students were 
required to look at code execution from a higher abstraction level, so as to grasp 
the behavior of the nested constructs comprehensively.


Fig. 1

Flow chart of tasklet 1

Fig. 2

Code of tasklet 2
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2.4.	 Questions

The students were asked two simple questions about their difficulties and main 
sources of mistakes. To answer the first question, “What do you find most difficult 
when you use loops?”, students could choose among the five most significant 
difficulties emerged from the teachers’ interviews [10]: 1) To find the condition of 
the while or do-while loop; 2) To define a complex condition including logical 
operators such as AND, OR, NOT, XOR; 3) To deal with nested loops; 4) To 
understand, in general, when the loop should end; 5) To deal with the loop 
control variable.

To answer the second (open) question considered here, “What kind of mistakes 
affected your performance most significantly?”, students could indicate any 
potential source of error.


3.	 Results

In this section we will first present the data relating to the students’ subjective 
perception; then we will analyze their performances on the three tasklets, also in 
connection with their perceptions of difficulties.


Fig. 3

The five programs of tasklet 3
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3.1.	 Questions

Let us first consider the multiple-choice question “What do you find most difficult 
when you use loops?”. The percentages relative to each of the five options are 
summarized in the pie chart in Fig. 4.

The data show that, in the students’ perception, the most significant difficulty is 
to deal with nested loops (41.5%). The definition of complex conditions comes 
next (23.2%), perhaps because composite conditions use Boolean operators 
and they do not know how to use them properly. The third most frequent option 
was envisaging a suitable termination condition for a while loop or a do-while 
loop (15.2%). Finally, the other possible answers were: understanding, in 
general, when an iteration should stop (12.8%) and managing the loop control 
variable (7.3%).

Now, the following observation is worth mentioning: while students perceived 
nested loops as a crucial issue, they were perhaps to a lesser extent aware of 
their difficulties concerning loop conditions that emerge in particular, as we will 
see shortly, from their responses to tasklet 1.

As to the open question about the mistakes having the most significant impact 
on students’ programming performances, the recurrent answer patterns and the 
percentages of the related frequencies are listed in Table 1.

Table 1 highlights that several students tend to ascribe their poor achievements 
to generic factors, such as distraction/inattention (26.2%) or lack of time (5.5%), 
rather than to conceptual factors. On the other hand, they appear to 
underestimate other problems pointed out by their teachers, in particular 
carelessness while reading a text and insufficient housework practice. The most 
relevant conceptual issues identified by the students are connected with 
iteration (10.4%), confirming the importance of the subject in an introductory 
course, and with the management of functions and subroutines (10.4%), the 
latter being probably explained by novices’ difficulties with parameter-passing 
and return values.


Fig. 4

Major difficulty with iteration in students’ perception
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Table 1

Reasons of mistakes identified by students


3.2.	 Tasklet 1: identifying the correct loop condition

The results obtained, for all the students who responded to the survey, are 
shown in Table 2. Less than 40% of them provided the correct answer (2k ≤ m), 
whereas more than 40% chose one of the two seriously wrong options (2k = n or 
2k > n). 


Table 2

Distribution of choices of the loop condition for tasklet 1


The proposed problem, despite being simple, based on an elementary while 
loop and a plain condition, has highlighted some unexpected difficulties on the 
part of the students, probably due to the fact that they did not test their solutions 
by tracing the code, or perhaps because they have not a clear understanding of 
the mathematical meaning of the loop condition. 
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Below (see Table 3) the distribution of students’ answers to tasklet 1 are 
compared with their answers to the question regarding their difficulties with 
iteration .
1

Table 3

Choices of the loop condition vs. perception of difficulty with iteration


The data presented in Table 3 show that there is not a large correlation between 
incorrect choices for tasklet 1 and perception of this specific point as a major 
source of difficulty.


3.3.	 Tasklet 2: determining the number of iterations

In this case (see Table 4) about 60% of the students identified the right answer, 
i.e. 3 iterations. Thus, a large majority of them seem to understand the 
mechanics of iteration as well as the meaning of a composite loop condition. 
The higher rate of success in this task can probably be ascribed to the fact that 
the students were tacitly induced to trace the code execution, what they 
apparently did not do to test their conjectures about program behavior in the 
other two tasklets.


Table 4

Answers reporting different numbers of iterations


 For simplicity, in Table 3, 5 and 7 we refer to the answers to the first question by the numbers reported in Fig. 1

4, namely: 1) To find the condition of the while or do-while loop; 2) To define a complex condition including 
logical operators such as AND, OR, NOT, XOR; 3) To deal with nested loops; 4) To understand, in general, 
when the loop should end; 5) To deal with the loop control variable.
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Again, we can compare the distribution relative to the different options of tasklet 
2 with students’ subjective perception of difficulties with iteration, see Table 5. In 
this respect, it is interesting to note that the incidence of (awareness of) 
difficulties pertaining to the management of complex conditions is higher among 
those students who responded to tasklet 2 correctly (15.2%) than among those 
who provided a wrong number of iterations (overall 7.9%), and it is almost 
negligible in connection with severely wrong options (no or unending repetitions: 
1.2%).


Table 5

Choices of the number of iterations vs. perception of difficulty with loops


3.4.	 Tasklet 3: recognizing functionally equivalent programs

As shown in Table 6, less than 20% of all the students who answered the survey 
were able to recognize the two equivalent programs among those proposed in 
tasklet 3, namely program 1 and 4.


Table 6

Programs reported as equivalent in tasklet 3


In particular, a large part of the students (43.9%) provided meaningless or 
decidedly incorrect answers, often indicating only one program (30.5%), which 
suggests  that they either did not understand the problem statement or made a 
random choice just to proceed with the next items in the survey. A number of 
students (11.0%) selected the pair of programs 2 and 4 as equivalent, perhaps 
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equivocating the condition of the nested if. In any case it seems that most 
students did not try to trace the code execution to test their conjectures. 
However, at least it appears that students’ perception of difficulty with nested 
constructs is consistent with the actual state of affairs.

Finally, Table 7 compares the answers to tasklet 3 with the subjective perception 
of difficulties when dealing with iteration. Again, there does not seem to emerge 
a clear correlation between actual and perceived difficulties with nested loops.


Table 7

Choices about program equivalence vs. perception of difficulty with iteration.


4.	 Discussion

The findings summarized in the previous section, relative to the high school 
context, appear in accordance with the conclusions of previous work addressing 
novices’ difficulties with conditionals and loops, as pointed out for instance in 
[2,6]. More specifically, dealing with nested flow-control structures and, to a 
lesser extent, with loop conditions seem to be major challenges, the former also 
in the students’ perception.

Here are a few additional thoughts:


• The poor performance in tasklet 1 suggests that several students cannot 
master the loop condition in connection with the problem at hand, 
sometimes possibly because they are undecided between the roles of 
“exit” vs. “continue” condition.


• When students have to trace the code execution, as in tasklet 2, most of 
them are able to determine the correct outcome or make minor mistakes. 
This suggests that most high school students develop a viable mental 
model of the notional machine [3] underlying code execution.


• It is interesting to observe that as many as 77% of the students who 
achieved tasklet 2 successfully, provided seriously incorrect answers to 
tasklet 1 or tasklet 3. So, it seems that students are not inclined to exploit 
their tracing abilities in order to test their first conjectures about code 
execution. This may be due either to laziness or to lack of method to 
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approach programming tasks, the latter being relevant from a pedagogical 
perspective.


• Finally, the students seem to underestimate their difficulties to deal with 
loop conditions. Indeed, only a small percentage of those who were wrong 
in tasklet 1 or tasklet 2 seem also to be aware of that problem.


Insights for instructors

Two major insights can be drawn from the points listed above. First, more effort 
should be focused on the development of a method to approach programming 
tasks, in particular to identify suitable test cases. Second, the role and treatment 
of loop conditions is worth more attention, especially in connection with the 
problem domain.


5.	 Conclusions

In this paper we have described one of the preliminary steps of a project whose 
main goal is to identify methodological instruments to improve high school 
students’ mastery of iteration. We have analyzed how a sample of students 
responded to a survey including three small programming tasks and two 
questions about their subjective perception of difficulty. The results seem to 
suggest that most students have developed a sufficiently accurate model of the 
notional machine, but probably lack an operating method to approach 
programming tasks.

We are currently planning to extend the scope and depth of this exploratory 
study by designing a survey to cover a range of (small) programming tasks, to 
be used as a basis to devise effective instructional strategies.
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