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Abstract

Student Difficulties Reading Code: An Evaluation of
Assessment Rubric for EiPE Tasks in Secondary
Education
Gustaf Dehlbom

Recent changes in the Swedish curriculum have given programming a bigger 
role in the Swedish upper secondary school. As a result, more students 
will need to read long chunks of code, a skill teachers perceive that 
students have problems with. Previous research has shown that when 
novice programmers read code, they understand the syntax but fail to 
understand the purpose of the code. The aim of this thesis was to 
investigate the problems and misconceptions Swedish upper secondary 
school students have when reading longer chunks of code. The purpose of 
the thesis was also to investigate how a two-dimensional assessment 
rubric designed for smaller tasks could be used for larger programs. 
This was done by collecting data through a qualitative interview study 
at NTI Gymnasiet in Uppsala Sweden. The data collected through the study 
was analyzed using inductive content analysis which showed that students 
have problems understanding nested loops, position in list, temporary 
values, and syntax. Another result of this study showed that the 
students only need to figure out parts of a program, to understand the 
program's purpose. Furthermore, the thesis discusses how the two-
dimensional rubric becomes complex for larger programs. The thesis also 
discusses the lack of an abstraction category in the rubric, where 
students show the ability to generalize subjects into a new and untaught 
domain.
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1 Introduction
In recent years, programming has taken on an increasing role within the
Swedish curriculum. In March 2017, the Swedish parliament decided to
change the governing documents to give programming a clearer role in math-
ematics and technology subjects [14]. This is something that can be seen
by studying course descriptions in mathematics and other courses at upper
secondary school level. According to the syllabus issued by Skolverket, the
courses must deal with:

”Strategies for mathematical problem solving, including modeling
of different situations, both with and without digital tools and pro-
gramming” [17, my translation].

This change was introduced mainly to meet the increased need for computer
skills in working life. However, this also means that a greater extent of stu-
dents is forced to read and understand code written by other people.

Novice programmers experience difficulties in reading code [3, 8, 15, 20]. The
most common problem is that novice programmers often understand parts
of the code or program, but fail to understand its purpose. Thus, higher
demand is placed on the teachers, i.e. that the teachers have acquired tech-
niques such that they can help students improve their ability to read code [3].

Many teachers lack the ability to identify these difficulties; what the difficul-
ties are, why they happen and how they can be avoided. There are a variety
of tools that teachers can use to assess these techniques. This article anal-
yses a rubric developed for assessing student knowledge as well as students’
abilities to read and understand code.

2 Background

2.1 Programming in the Swedish curriculum
As mentioned above the Swedish parliament changed the governing docu-
ments in 2017 to accommodate the need for computer skills. As a result the
students are introduced to programming from an early age. This introduc-
tion can vary from basic levels of block programming to more challenging
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text programs. This can be viewed by looking at the governing documents
for mathematics in the Swedish elementary school. The curriculum for grades
1–3 states:

”How algorithms can be created and used for programming. Pro-
gramming in visual programming environments” [16, my transla-
tion].

And for grades 7–9:

”How algorithms can be created and used for programming. Pro-
gramming in different programming environments” [16, my trans-
lation].

Since this change took place in 2018, it is hard to assess students’ prior
knowledge in Swedish secondary education. However, we should assume that
students tested in this article have been introduced to programming for at
least two years prior to the study. Lastly, interesting future research would
be to study how this affects students’ knowledge at the Swedish upper sec-
ondary school.

2.2 NTI Gymnasiet
The study took place at the Swedish upper secondary school NTI Gymnasiet
located in Uppsala, Sweden. The school’s theme is focused on computer sci-
ence. This means that regardless of what program orientation the student
chooses he or she will be introduced to some form of computer science. The
students that are the subjects for this article study the computer technology
program at the school, and are not representative of Swedish upper secondary
school students as a whole. It is therefore worth noting that the study might
produce different results than if it were to take place at a school not focused
on computer science. A future study to validate the results presented in this
article would be to do a similar study on a school not focused on computer
science.

The teacher team that I worked along with in this study is included in the
ULF project (Utveckling, Lärande, Forskning).1 This is a national pilot

1Education, Teaching, Research (my translation). For more information, see [13].
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project carried out on behalf of the Swedish government with the purpose
of developing models to advance school activities and teacher education [13].
The involvement in this project enabled the teachers to plan a bigger research
project at the school.

The programming teachers at NTI Gymnasiet noted that students usually
have difficulties reading and understanding bigger chunks of code written by
other programmers. The assignments that the students were given included
more code with the purpose to assess what had been done to the program
and the steps needed to make it work completely. These assignments are
designed to have a similar pattern to what students could expect to receive
as software engineers. Even though the students had shown an extensive
amount of knowledge prior to the assignment, they seemed to struggle with
the fact that they had not written the program themselves. The teachers also
noted that many students had difficulties with debugging code, something
that is closely related to the ability of reading code.

The teacher team then decided to do a research project on how students
read longer chunks of code. This included a pilot project prior to this study,
to review the research approach and the background theory that will be
described in the coming sections.

2.3 Evaluating programming competence
A process for determining programming competence was first proposed by
Hubert L. Dreyfus and Stuart E. Dreyfus in 1985. This process will be used
in this article. The process is divided into five different stages and each stage
illustrates the programmers skill and how they approach new assignments.
The five stages are Novice, Advanced Beginner, Competence, Proficiency and
Expert [4].

Leon E. Winslow describes the stages as a continuum of approximately ten
years to rise from a novice programmer into an expert [20]. Since this study
will take place at a Swedish upper secondary school, the students should be
classified as novice programmers. The relevant stages for this article will thus
be the process of novice programmers working towards becoming advanced
beginners. The two stages are displayed in Table 1:
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Table 1: The two first stages of programming knowledge [20]

Stage Description

Novice Learns objective facts and features and rules for
determining actions based upon these facts and
features. Everything they do is context free.

Advanced Beginner Starts to recognize and handle situations not
covered by given facts, features, and rules with-
out quite understanding what he/she is doing.
Everything they do is context sensitive

The main distinction between novice and advanced beginner is the context
in which the programmer learns. The novice programmer will more often
approach the code ”line by line” instead of using relevant program structures
[15]. It is worth noting that the theory behind this is 35 years old and was
developed in a time where more comprehensible programming languages such
as Python and Java did not exist. The stages do however still give a good
indication of how the students’ programming competence can be understood.

2.4 Novice programmers difficulties with code reading
There exist an extensive amount of research regarding the difficulties that
novice programmers experience. The main conclusions of these studies are
that novice programmers often know the syntax of all the statements, but
lack the knowledge to understand the entirety of the code [3, 8, 15, 20].

Students’ reading capabilities could also affect their learning of other abilities
within computer science. Studies have for instance showed that the students’
ability of code-reading is a prerequisite for activities such as writing code or
problem solving [11]. This is also supported by S. Fitzgerald et al. in their
study of strategies students use to trace code. The study showed that even
though students often have the ability to use various types of strategies to
solve different problems, they often apply these strategies inadequately [8].
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2.5 SOLO:s taxonomy
SOLO or Structure of observed learning outcomes is a system that is used to
describe a person’s understanding of a subject. The taxonomy was created
in 1982 by John B. Biggs and Kevin F. Collis. The authors based the ideas
of the stages in the taxonomy of Jean Piaget and his works on cognitive de-
velopment [2].2 It is therefore constructed in a hierarchical way where each
stage is based of the previous one, with the lowest being incompetence. The
first stage of SOLO is prestructural where the students lack knowledge of
the subject and therefore cannot demonstrate understanding. It ranges up
to extended abstract, where the student can generalize the whole to some
untaught subject.

SOLO can be applied in many different ways. It can for instance be used by
teachers when defining learning objectives and outcomes of an assignment
[1]. Now follows in Table 2 the SOLO taxonomy with the associated verbs
and description to each stage:

Table 2: SOLO taxonomy categories [1, 2]
SOLO category Description Verbs

Extended Abstract Generalized to new domain Create, Formulate,
Generate, Hypoth-
esize, Reflect, The-
orize

Relational Integrated into a structure Analyze, Apply,
Argue, Compare/-
contrast, Criticize,
Explain causes,
Relate, Justify

Multistructural Understands several rele-
vant independent aspects

Combine, Describe,
Enumerate, Per-
form serial skills,
List

Unistructural Understands one relevant
aspect

Identify, Name,
Follow simple
procedure

Prestructural Lacks knowledge of the sub-
ject

Fail, Incompetent,
Misses point

2For further reading about Piagets cognitive development (Huit et al. 2003) [10].
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2.5.1 The adopted version of the SOLO taxonomy

Previous work has been done by Tony Clear et al. in the BRACElet project.
In their article Reliably Classifying Novice Programmer Exam Responses us-
ing the SOLO Taxonomy, the authors analysed student answers to questions
including shorter pieces of code. The purpose of this study was to develop a
modified version of the SOLO taxonomy, more suited for computer science
[3]. This resulted in an adopted version of the SOLO taxonomy which the
authors recommend for use when evaluating student answers for program
comprehension [3]. This also included the removal of the extended abstract
category since questions with shorter code pieces do not allow students’ to
show this type of property [3]. This is something that this article later will
address. Now follows in Table 3 the adopted SOLO taxonomy:

Table 3: Adoption of SOLO taxonomy categories [3]
SOLO category Description

Relational [R] Provides a summary of what the code does in
terms of the code’s purpose. (The ”forest”)

Relational Error
[RE]

Provides a summary of what the code does in
terms of the code’s purpose, but with some minor
error.

Multistructural
[M]

A line by line description is provided of all the
code. (The individual ”trees”).

Multistructural
Omission [MO]

A line by line description is provided for most of
the code, but with some detail omitted.

Multistructural
Error [ME]

A line by line description is provided for most of
the code, but with some minor errors.

Unistructural [U] Provides a description for one portion of the code.

Prestructural [P] Substantially lacks knowledge of programming
constructors or is unrelated to the question.
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2.6 The two-dimensional rubric
Weeda et al. continued the work of Clear et al. by looking at the adopted
SOLO taxonomy when reviewing upper secondary school students’ answers
on EiPE-tasks (Explain in Plain English) in the Netherlands [19]. In this
study, the authors developed their own metric to measure students’ accuracy
and abstraction levels for shorter code pieces of code. The authors pointed
out some limitations of the SOLO taxonomy for formative assessment [19].
Formative assessment is a teaching practice that has a great effect on the
students learning [9]. This resulted in the development of their own analytic
rubric, called the two-dimensional rubric, which is based on the adopted
SOLO taxonomy. This system was developed for looking at student answers
in shorter EiPE-tasks [19]. The main difference between Clear’s and Weeda’s
work is that the two-dimensional rubric distinguishes between the students’
level of abstraction and accuracy, while Clear included both at each level.
Each of the rows displayed in the rubric depicts the characteristics of the
student and each column the achievement level [19].

When using the rubric, the teacher first needs to construct a goal tree for
the assignment. This goal tree contains all the goals for the specific assign-
ment and the authors divide it up into three different categories: Purpose,
main goals and secondary goals. In the development of the two-dimensional
rubric, the authors gave teachers some tasks with corresponding goal trees. In
the evaluation of the rubric, the teachers considered that the goal tree helped
them distinguish between the levels of abstraction. They also thought that it
was great to give feedback to students who scored lower on the tasks, students
who only managed to identify secondary goals [19]. The two-dimensional
rubric is presented in Figure 1.

An important commonality Weeda’s article and the article by Clear et al.
share, is that the questions given to the students are short. This is because
they applied the systems on students’ exam answers [3, 19]. This article
will instead look at code reading for longer programs. Since this has not
been tested earlier, the compatibility of the two-dimensional rubric for use
on longer chunks of code will be investigated.
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Figure 1: The two-dimensional rubric [19]

3 Purpose and research questions
The purpose of this thesis is to investigate how Swedish upper secondary
school students read code and the problems that might arise from reading
longer programs written by more experienced programmers. Previous re-
search in similar studies has focused on students in countries such as New
Zealand and the Netherlands [3, 19]. Furthermore, the work of Weeda et al.
was done by studying upper secondary school students. This constitutes a
good basis for use of the rubric in secondary education but with different
school frameworks. It is therefore of interest to conduct a similar study, but
in a different country where the school has a different framework.

This article focuses on students’ approaches to longer chunks of code, what
strategies students use and how they reason when they go about reading
longer programs. As mentioned code reading is a crucial skill when learning
programming [11] and program comprehension is important for students to
improve this ability [19]. Based on the work of Weeda et al. [19] this article
aims to validate the two-dimensional rubric by analyzing its use on longer
chunks of code. This was done with an emphasis on how teachers can use
this system to help students progress in learning programming.
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The study took place at NTI Gymnasiet where I worked along with a group
of teachers involved in the ULF-project. This enabled me to participate in
their planned study. My overall research questions to analyse the purpose of
this study are:

1. How can the two-dimensional rubric be used to analyse students’ ability
to read longer chunks of code?

2. When novice students read code

(a) What problems can be identified?
(b) What strategies do they employ?
(c) What are the differences in knowledge for students who practice

programming outside of school?
(d) What misconceptions from code reading can be found?

4 Method

4.1 The think aloud method
Think aloud is an interview method for investigating students’ understand-
ing of a subject. Students are prompted to describe what they think during
e.g. a problem solving session. The researcher gives instructions prior to the
session and prompts the interview subject during the session if he or she is
silent. The interviews for this article were conducted with the think aloud
method. The method is primarily used for psychological research and has
roots in studies of how human consciousness observes various events in the
outside world [18]. Since the subjects of this study were placed in an envi-
ronment where the most relevant information was how they experienced the
situation, i.e. which problems they experienced when reading code, this was
a great method to use. Similar studies within computer science have used the
think aloud method when collecting data from interviews. A good example
of this is Fitzgerald et al. in their article Strategies that students use to trace
code: an analysis based in grounded theory, where the authors used the think
aloud method to analyse what strategies students employ when reading code
[8].
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Someren et al. describe the think aloud method as something that is simple
to perform but could render useless data if not done properly [18]. It is thus
important to correctly follow the framework for the think aloud method.
One of the most important criteria for this framework is to ensure that the
subject is at ease in a comfortable environment [8]. The instructions should
be constructed in a way that the student only needs to focus on the task.
Another important aspect of the method is that the interviewer needs to be
aware of how they interact with the subject. This is important since the
interview would render useless data if every thought did not originate from
the interviewee themselves.

4.2 Content analysis
The analysis of the transcribed interviews and written assignments was done
using the content analysis method. Content analysis can be done in both
quantitative or qualitative studies and is a process used to systematically
summarise data. The purpose of this approach is to transform and organize
a large amount of data into key results [6]. Content analysis can be done
with two different approaches, inductive or deductive [5]. Regardless of the
approach, the process can be divided into three different phases, preparation,
organizing and reporting. Preparation is the first phase which begins with
choosing what types of data units that the researcher wants to analyse. This
is important since content analysis has no systematic rules for analyzing the
data [5]. The data units could be represented by e.g. sentences, letters or
words. It is thus important for the researcher to define what unit to use with
respect to the chosen problem statement or question. This also becomes a
crucial step since longer data units may be more difficult to analyse while
shorter data units might be too narrow and could ultimately result in data
fragmentation [5].

4.2.1 Inductive content analysis

The inductive process moves on with open coding, categorization and ab-
straction of the data units [5]. This is done by reading and re-reading the
text whilst making notes and headings while dividing it up into smaller parts,
which constitutes the coding. After the data has been coded the next step
is to categorize it and finally abstract around the formed categorises [6].
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4.2.2 Deductive content analysis

In deductive content analysis, the next step from organizing is by creating
an evaluation matrix. This matrix can either be structured or unconstrained
and the purpose is to code the data according to the categories of the matrix
[5]. The researcher can either develop their own matrix or test the hypothesis
from an already existing one.

5 The study
Prior to the study, the preparatory work was done by the teacher team at NTI
Gymnasiet including myself. The assignment and problem statements were
created by discussions regarding students’ problems in programming and
code reading was deemed as the most important and feasible phenomena.
The preparatory work continued by creating the assignment and planning
for how the interviews would be conducted to get reliable data. The code
used for the assignment mainly consisted of a bubble sort algorithm which
constituted the purpose of the program. This was further discussed within
the teacher team and divided up into different goals needed to understand
all the parts of the code. The code and the goal tree are presented in Figure
2 and Listing 1 respectively.

After the assignment each student answered a survey where they provided
information regarding how many hours they had programmed in their spare
time. The survey also included questions regarding what strategies they used
and what their overall thoughts about the assignment was, such as what they
considered difficult.
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5.0.1 Goal tree

Figure 2: Goal tree

5.0.2 Code

1 temp = 0
2 column = 0
3 number_list = []
4

5 basic.show_string("B")
6 for value in range (8):
7 random_value = randint(0, 9)
8 number_list.append(random_value)
9

10 for show_value in number_list:
11 basic.show_number(show_value)
12

13 counter = 1
14 while counter > 0:
15 counter = 0
16 position = 0
17 while position < len(number_list):
18 if number_list[position] > number_list[position + 1]:
19 temp = number_list[position]
20 number_list[position] = number_list[position + 1]
21 number_list[position + 1] = temp
22 counter = counter + 1
23 position = position + 1

Listing 1: Bubble Sort Test Code
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5.1 Participants
The data analysed was collected from a second year class at NTI Gymnasiet
in Uppsala. The 26 students who participated in the study are enrolled in
the computer technology program and started learning programming at the
beginning of autumn 2020. This means that they had about three months of
education to learn the basics of programming including the concepts which
were present in the assignment such as sorting algorithms and lists.

Prior to the study each student was presented a consent form that stated
that they agreed to have their answers anonymously published within the
article. All of the students were of legal age at the time of the assignment
and had the option to decline this consent form. The students who declined
the consent form still participated in the study but their results would have
been excluded from any published articles. There were however no students
who did not consent which means that all the relevant information from the
results is included in this article.

5.2 The Assignment
The study was conducted using Microsoft Teams. The participants of the
study consisted of 6 students who did the assignment orally and 20 students
who did the assignment in writing. All of the assignments were performed,
simultaneously supervised by different teachers, to ensure that no students
had the opportunity to communicate with each other since this would inval-
idate the data.

Each student had 10 minutes to complete the assignment. The students were
told to explain what the code does as well as the purpose of the code whilst
thinking aloud. The students were instructed to get comfortable in a quiet
room and have a glass of water nearby so that their primary focus was on
the assignment. The instructions were the same for all the students with
the distinction that in the oral assignment, the students were instructed to
use the mouse pointer to trace the code whilst describing their thoughts.
The interviewers were only allowed to interfere when the student stopped
talking, with prompts such as ”What are you thinking right now?” or ”Keep
talking”. This was done to ensure that everything described by the student
originated from themselves. The IDE (integrated development environment)
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used for the assignment was Microsofts micro-bit environment which includes
a debugger. Students were not instructed to use the debugger to see how
many used it as a strategy.

5.3 The analysis
This article presents results from analyses of data gathered from interviews
using both inductive- and deductive content analysis. This was done by
reading and re-reading the transcribed interviews. For research question 1
the data was analysed deductively using the two-dimensional rubric. For
research questions 2(a,b) the data was analysed inductively by identifying
problems related to code reading which is demonstrated in Table 5.

To start the analysis of the students’ answers, the eight interviewers partic-
ipated in a meeting to review two written and two oral assignments. The
purpose of this meeting was to reach a consensus within the teacher team
when analyzing the answers using the two-dimensional rubric. All the in-
terviewers then proceeded by individually analyzing the answers and then
cross-checked with the other interviewers grades. The inter-reliability level
of the interviewers grades was checked using Fleiss’ kappa, an index used
when judging the reliability of different raters [7]. The inter-reliability of
the grades was 0.63 for the abstraction level and 0.72 for the accuracy level.
While the optimal inter-reliability level would have been above 0.8, it was
still deemed acceptable since eight raters were involved.

When analysing the transcribed interviews and written assignments, I read
through all the content and coded all the aspects that was related to what
could be seen as problems and misconceptions. Using inductive content anal-
ysis, I then grouped the all the coded aspects around emerging themes, see
Table 5.

Lastly, the analysis of the survey included a search for patterns based on the
students’ results in the two-dimensional rubric with the respective hours that
the students had programmed at their spare time, see Table 6 and 7.
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6 Results

6.1 The results pertaining to the two-dimensional rubric
and survey

As mentioned above, the students’ answers were graded and analysed us-
ing a deductive content analysis approach. This was done using the two-
dimensional rubric. Table 4 summarizes all the answers, the assignment
type and the number of hours each student has programmed outside of the
curriculum. Three answers have been excluded since the students had not
answered anything and could therefore not be graded with the rubric. To
make Table 4 clearer, the notations of the two-dimensional rubric are writ-
ten as 1, 2, 3, 4 corresponding to the categories Underdeveloped, Attempted,
Developing and Exemplary.

Table 4: Assignment and survey results
Hours pro-
grammed at
free time

Written (W)
or oral (O)

Abstraction
level

Accuracy
level

0 W 2 3
0 O 1 1
0 W 2 2
0 O 2 2
0 O 2 2
0 W 3 2
1–5 W 2 1
1–5 W 4 4
1–5 W 1 1
1–5 W 1 2
1–5 W 4 2
1–5 W 1 1
6–10 O 3 3
6–10 W 1 2
6–10 W 1 2
11–25 W 2 2
26–50 O 2 2
26–50 W 3 4
26–50 W 1 2
26–50 O 4 4
50+ W 4 2
50+ W 4 4
50+ W 4 4
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6.2 Generated categories for common problems and
misconceptions

Table 5 has been created from the inductive content analysis of the written
assignments and transcribed interviews. The table contains five different
categories that have been identified as the most common concepts or areas
the students had difficulties with. These problems are further analysed and
discussed later in this article.
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Table 5: Problems and misconceptions related to programming comprehension

Content Description Example

Nested
loops

The student fails to recognize that
the sorting loop is executed until the
list is sorted.

”This only happens once, counter is
1 at first but then the loop starts and
sets counter to 0.”, ”After that, it
is a loop that runs until the list has
been sorted with the smallest number
first and so on.”

Position in
list

The student interprets the index in-
correctly with e.g. element.

”number list[position] is greater
than number list[position + 1], that
will never happen.”

Temporary
values

The student do not understand how
the algorithm uses a temporary vari-
able when swapping values.

”If the value in the location of [po-
sition] is bigger than the value next
to it, temp gets set to the value in
[position], and the value 2 next to it
is set to the value of temp. If the
“if” statement is not accurate, the
list moves to the next value with no
changes”.

Lists The student does not understand op-
erations related to lists in Python.

”I did not understand this code
number list.append(random value),
maybe if I look at the blocks I would
understand it.”

Syntax The student has overall difficulties
with explaining parts of the code or
the entirety of the code. This indi-
cates that they have trouble under-
standing the syntax.

”I understood that you should choose
a number from 0–9 but then I did not
understand anything”.
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6.3 Programming comprehension levels for different
time intervals of spare time programming

The analysis of research question 2c, what the differences in knowledge for
students who practice programming outside of school are, is done through Ta-
ble 6 and 7. For further reference of how much time each student programmed
outside of the curriculum, see Table 4. The two frequency tables displays the
different results in abstraction or accuracy for each time category. From the
figures, it is possible to see a connection between programming outside of the
curriculum and having a higher score in both abstraction and accuracy, on
this specific assignment.

Table 6: Abstraction level
Abstraction level Hours programmed at free time Frequency

Underdeveloped(1)

0 1
1–5 3
6–10 2
26–50 1

Attempted(2)

0 4
1–5 1

11–25 1
26–50 1

Developing(3)
0 1

6–10 1
26–50 1

Exemplary(4)
1–5 2

26–50 1
50+ 3
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Table 7: Accuracy level
Abstraction level Hours programmed at free time Frequency

Underdeveloped(1) 0 1
1–5 3

Attempted(2)

0 4
1–5 2
6–10 2
11–25 1
26–50 2
50+ 1

Developing(3) 0 1
6–10 1

Exemplary(4)
1–5 1

26–50 2
50+ 2

7 Discussion
This section will analyse the results of the study based on the research ques-
tions from section 3. In addition to the research questions, there were other
observations that could be done based on the results from the data. Per-
haps the most important and interesting discovery from analyzing the as-
signments, was that the students who were subjects of this study generally
lacked the ability to properly explain code. The answers were often short
and non-descriptive, regardless of the score in the two-dimensional rubric.
The students who had a higher score seemed to understand the code and
had knowledge of the important data structures. Their answers were how-
ever generally insufficient since many students could not explain important
details of how the code works. The students who had a lower score also had
similar issues, in combination with e.g. not explaining the purpose of the
code. The lower scoring students also tended to give up rather than explain
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all their thoughts in many cases. An example of this can be seen from one
student:

”I don’t really know what is happening, but I believe that this
might try to count how many numbers the list contains”.

Furthermore, some students’ answers only included the code from Listing 1,
rewritten in pseudo-form. A typical example of this is:

”Do loop 8 times
Choose 8 random numbers for ”random value” from 0 to 9
add ”random value” to ”number list””.

The most likely cause of this is that they learned programming using blocks
in micro-bit which has an option to view the code in block form. Another
example of a student answer, who managed to explain the purpose of the
code, but with no information about how it is done, said the following:

”The first thing the code does is that it is randomizing 8 values
between 0 and 9, then the code places all the numbers in order”.

This would be a great explanation for more experienced programmers looking
to quickly understand a program. In the context of this assignment, where
the student needed to provide all the details, it provides no information ex-
cept the purpose.

This ultimately resulted in complications with the analysis since it became
harder to assess specific problems and misconceptions that these students
have. A large part of the analysis was thus to assess if the specific problem
was due to a lack of understanding or a consequence of a bad explanation.
It is also important to mention that the majority of students who poorly
explained the code, did the written assignment. Contrary to the written
assignments, the oral assignments had a bigger involvement from the inter-
viewers. Even though the interviewers were not allowed to interfere, they
would instead prompt the student to describe all their thoughts. It is thus
easier to analyse the oral assignments since they provided more data where
students get stuck or omit important information.
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7.1 Strategies
In the survey which every student answered they described what strategy
they used when carrying out the assignment. There were three main strate-
gies that the students employed. Like the previous research suggested the
majority of the students answered that they used a line-by-line approach [15].
This was also the most common strategy that the highest scoring students
used, often combined with the use of the debugger. However, students who
scored lower in the two-dimensional rubric also approached the assignment
line-by-line, in some cases with the debugger, this would suggest that the
results depend on other factors. In order to draw any definite conclusion,
more data is needed. The second most used strategy was to look at small
pieces or segments of the code. This strategy was used by two of the four stu-
dents that showed the exemplary level in both abstraction and accuracy (see
Figure 1) i.e. the highest possible scoring. Although this approach is very
similar to the line-by-line approach, the main difference is that this approach
focuses on the understanding of each part before relating it to the code in
its entirety. The last strategy that was among the most common is students
who look at the variables and see how they change. This is something that is
categorized as surface level by Fitzgerald et al. in their paper about student
strategies, meaning that the student fails to understand the purpose of the
code [8]. This is verified by looking at the students’ corresponding results.
These students had low or average ratings in abstraction which suggests that
they understood parts of the code but failed to abstract it into a coherent
whole.

To summarize how students go about reading code, the general approach
to reading code is line-by-line with a few exceptions. Perhaps the most
interesting discovery is that many students tended to use the debugger to
better understand the code. As mentioned in the background, the teachers
at NTI Gymnasiet noted that students had difficulties with debugging.

7.2 Problems
The problems discovered through the content analysis can be found in Table
5. This subsection will go through the identified problems: Nested loops, po-
sition in list, temporary values, lists and syntax. The first problem students
had issues understanding was nested loops. This was true for almost all of
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the participants in the study. Lower scoring students often had difficulties
understanding the purpose of the loops. Higher scoring students instead had
poor explanations of the role of the nested loops, even though they could
explain the purpose of the code. A student who had a lower score on the
two-dimensional rubric said:

”This only happens once, counter is 1 at first but then the loop
starts and sets counter to 0.”

A typical answer from a student who scored higher than average in the two-
dimensional rubric is:

”After that, it is a loop that runs until the list has been sorted
with the smallest number first and so on.”

A common inaccuracy is that these students do not show understanding of
how the first loop works and instead only focus on lines 17–22 from Listing 1.
This is a large part of how the sorting is done which becomes interesting since
both the students demonstrated knowledge that this is a sorting algorithm.
Another good example of this is:

”I am a bit unsure how this part of the code works but I under-
stand that it sorts all the numbers in number.list from smallest
to biggest”.

The interesting phenomenon here is that despite giving inaccurate answers,
answers where the student shows a lack of understanding or has poor ex-
planations, the student still manages to figure out the purpose of the code.
These results indicate that the students can figure out the purpose of the
code by only understanding parts of it. This is also supported by looking at
the results from Table 4. The students’ abstraction and accuracy levels were
often equal, with a few exceptions. This can be interpreted as if a student
can describe one goal, or parts of the code, he or she can relate it to the
purpose of the code and thus get an equal score.

The problem Temporary values, follow the same pattern as nested loops
where the students showed problems understanding the concept or simply
had a poor explanation of it. As stated in Table 5 a student answered:
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”If the value in the location of [position] is bigger than the value
next to it, temp gets set to the value in [position], and the value
2 next to it is set to the value of temp. If the “if” statement is
not accurate, the list moves to the next value with no changes.”

This is a typical answer of a student who explains the syntax in plain words.
The problem then lies in the fact that the student does not add anything in
the description nor can show an understanding of what is happening, more
than what the code states.

Position in list is the only problem discovered by the content analysis where
students clearly showed misconceptions of the concept. As can be seen in
Table 5 a student who did the oral assignment said:

”number list[position] is greater than number list[position + 1],
that will never happen.”

Other students displayed this misconception where they could not distinguish
between the index and the value.

The last two problems are lists and syntax. These problems are similar since
both refer to the lack of understanding of the syntax. Furthermore, the
syntax category was constructed during analysis, where students could not
explain any row of the whole program. As mentioned in Table 5 this indicates
that the student has trouble understanding the syntax, which also implies
that they indirectly have issues with all the formed categories.

7.3 The two-dimensional rubric in practice
The conclusion of how the two-dimensional rubric works with longer chunks
of code is positive and negative. It is a great tool to use for formative assess-
ment and it is based on well-founded theory [19]. The rubric can however
become complicated when constructing bigger assignments for longer chunks
of code.

An issue that arose from using this tool for longer programs was the construc-
tion of the goal tree. In shorter assignments that were used by the authors
when developing the tool [19], there exist fewer elements to the code which
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makes the goal tree smaller. It can thus be problematic when looking at
students’ answers for larger programs, with larger goal trees. This is because
of how specific the categories of the rubric are, e.g. ”The response includes
references to ALL goals”. One approach to alleviate this problem could be
to have broader goals, although this could lead to students being assessed
incorrectly. Furthermore, the risk of giving an incorrect description of a stu-
dent’s understanding can defeat the purpose of the rubric. The rubric itself
also needs additional work before being a reliable tool for assessment. One
of the ideas behind the two-dimensional rubric is for students to use it for
self-assessment [19]. The general thought within the teacher team working
with the rubric in this study is that the criteria for each level in the rubric are
too complicated. Even with the eight people that were involved in this study
reached a consensus on how to use the two-dimensional rubric, the grading
from all the teachers varied. Additional work on formulating the categories
of the rubric, as well as having better guidelines for the construction of the
goal tree, should be done for the two-dimensional rubric to be more reliable
when working with longer chunks of code.

Since the two-dimensional rubric was developed from the adopted version of
SOLO, it inherits the notion that there is no possibility for the student to
abstract to something untaught. As mentioned the extended abstract stage
was removed since smaller questions rarely give any opportunity to display
this property [3]. This is however something that the two-dimensional rubric,
as well as the adopted version of SOLO, lacks when working with longer
programs. Since larger programs contain more aspects to it, the property
could easily be displayed for similar assignments to the one used in this
article. A good example, in the context of the assignment used in this article,
is to look at the running time analysis of the bubble sort algorithm. Many
students have discussed various changes that they believed would improve
the code. The majority of the answers revolved around the last while-loop
displayed in rows 17–23 (see Listing 1). One student writes that:

”Same thing with the while-loop with position that could have been
a simple for-loop.”

Another student said that:
”I think you could condense this (points at row 17–23) entire thing
into a loop and have position be, for position smaller than some-
thing else.”
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These students showed that various changes can be made based on their
knowledge of loops. Let’s say that these students would add that in the first
while-loop, we reset the position variable which is our stop condition. Then
proceed by adding that this condition ensures that the algorithm does not
do any unnecessary operations which is why you cannot change both while-
loops to for-loops. An answer with this focus should therefore be considered
to be at the extended abstract level from the original SOLO taxonomy since
it shows knowledge of a subject unknown to the student. This is because
running time analysis is taught in the follow-up course for students in this
study. The solution to this problem would therefore be to add a fifth category
in the abstraction row of the two-dimensional rubric saying that the student
has the ability to generalize the purpose of an assignment into a different
and untaught domain.

8 Conclusion
Programming has become more important in today’s society. This can es-
pecially be seen by studying the changes done the school curricula of many
countries over the past decade. This means a greater responsibility for teach-
ers who will use programming in their teaching. It is thus important to have
the right tools and knowledge of typical problems students encounter as well
as how they go about reading and understanding code. As mentioned the
Swedish parliament changed the governing documents in 2017 which means
that more teachers have to use programming in their education practices,
often without any extensive knowledge of it.

How novice programmers go about reading code and learn new concepts is
a well-researched field. Many studies have shown that novice programmers
often know the syntax of the statements in a code, but lack the knowledge
to understand the whole [3, 8, 15, 20].

The first research questions of this article looked at if the two-dimensional
rubric developed by Weeda et al. [19] could be used with an emphasis on
longer chunks of code. This is a rubric based on the adopted SOLO taxon-
omy created by Clear et al. in the BRACElet project [3]. The idea of this
rubric, compared to the adopted SOLO taxonomy, is that it distinguishes
the students level of abstraction and accuracy. Since it more thoroughly can
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explain students’ knowledge, this is a great tool teachers can use in their
education. This also enables teachers to give better feedback through for-
mative assessment, a teaching practice that has been shown to have a high
effect on students’ learning [9]. Weeda et al. proposed that the rubric could
be used for self-assessment. This article does however discuss that the two-
dimensional rubric has great potential, but still needs a lot of work. The
rubric is hard to interpret and needs to be simplified, especially if it is to be
used for self-assessment. When used for longer chunks of code, one issue was
that the goal tree was harder to construct due to the many portions of the
code that could be seen as goals. Lastly, a fifth category of the abstraction
row needs to be added to give a correct assessment of the students who have
the ability to generalize the purpose of an assignment into a different and
untaught domain.

The research questions 2a and 2d discussed problems and misconceptions
students have when reading longer chunks of code. The discovered problems
in the study were nested loops, temporary values, position in lists and syntax,
this is presented in Table 5. These problems were discovered using inductive
content analysis and can be summarized as concepts students did not under-
stand, had poor explanations of, or misunderstood. Many of these concepts
are complicated by default. More research is thus needed on how these con-
cepts could be clarified in students’ education. An interesting continuation of
this article would be to look at how to clarify these concepts using variation
theory [12]. In addition to the research questions 2a and 2d, the biggest
issue found in the study was that students generally were lacking the ability
to properly explain code. Even though they could describe the purpose of
the code, the answers often lacked an explanation of how it worked. This
also made it harder to assess if the answers provided by the student were due
to misunderstanding or lack of explaining. The main conclusion that can be
drawn from the analysis, is that the students only need to understand part
of a code to relate it to the purpose.

As mentioned the students who participated in this study are studying a
computer technology program at a school primarily focused on computer sci-
ence. These results should thus not be generalized to all the Swedish upper
school students as a whole.

The research question 2b looked at common strategies that students employ
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when they go about reading code. As shown in the discussion, the students
who participated in this study followed the same pattern as the previous re-
search had suggested. The most common strategy used in the study was by
looking line-by-line. An interesting observation is that many students used
the debugger when trying to understand the code.

Lastly, this article looked at the relation between the hours students had
programmed in their spare time and their results of the study. This was
done by looking at each student’s score in the two-dimensional rubric with
the corresponding amount of hours that the student had programmed in their
spare time, see Table 5 and 6. As can be seen in the tables, the students who
had a higher score in the rubric had often spent more hours programming at
home, with a few exceptions. In Table 4 it is also possible to see that the
students often had an equal score of abstraction and accuracy in the two-
dimensional rubric. These results thus indicate that students who are more
committed to programming in their spare time, have a better programming
comprehension.
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Appendix

Translations in chronological order
• Section 1 Strategier för matematisk problemlösning inklusive model-

lering av olika situationer, s̊aväl med som utan digitala verktyg och
programmering [17].

• Section 2.1 Hur algoritmer kan skapas och användas vid program-
mering. Programmering i visuella programmeringsmiljöer [16].

• Section 2.1 Hur algoritmer kan skapas och användas vid program-
mering. Programmering i olika programmeringsmiljöer [16].
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