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Chapter 1

Abstract

Learning the programming basics can be very challenging, as it demands a different
way of thinking than students are used to. It requires the development of new skills
and designing a course that allows to do this pedagogically can be difficult. At the
Université Catholique de Louvain-La-Neuve, a course introducing programming for
first year students was developed and has been taught in Python since five years.
However, there is a constant desire to look for potential improvements and it is in
this context that we carried out an analysis of the course.

The course is divided into eleven weeks. Each week consists of a lecture, two tutored
sessions as well as individual work. The grading and feedback of the individual
work partially goes through an auto-grader, INGInious. This auto-grading platform
enables students to submit their code for the exercises and provides them immediate
feedback. The feedback is not automatically generated by INGInious in itself, but
depending on which tests pass, the error message the teaching staff has encoded
varies.

We analyzed the diversity in types of feedback and concluded that there was a lot
of feedback that focused on the task itself but not so much about the process of
coding or about self-reflection. This represents a missed opportunity to help the
students grow in autonomy and gain perspective. Since the course is organized in
weeks, sometimes students also fail to see the link between the topics and exercises
across the different weeks.

To remedy this problem, we identified patterns that recur in the solutions of the
exercises. For this thesis we focused on the similarities between data structures,
coming up in total with six different patterns or "plans'. In order to make these
plans clear to students the first step was to develop a conceptual flowchart for each
pattern. These flowcharts are designed to explain the plan in general and to be



applicable to every data structure they will encounter in this introductory program-
ming course. To provide a more practical aspect to these patterns, pseudo-codes
have been developed, illustrating them. They are data structure-specific but stay
easy to adapt to different types of problems.

In the course, this was integrated directly in the theory syllabus, exposing these
patterns as students go along the course. Several pseudo-codes for each pattern
are given to illustrate how to implement them for the different data structures.
Some other ways of implementing the same pattern for the same data structure are
also demonstrated, for example by using a while loop instead of a for loop. The
integration of these plans in the exercises was done in three different ways, ranging
from a lot of help to just an indication. The first is scaffolding: the structure of the
plan of the exercise is given, leaving some blanks for the student to fill. Another
way of helping the students is by giving them hints on which pattern this specific
exercise uses. Finally, the last way this can be integrated is to make explicit links
between exercises - "this exercise can be solved similarly to the exercise(s) X".

As the timing did not allow these plans to be evaluated with students, a validation
with tutors was put in place. The patterns were quite well received and the tutors
generally felt that the objectives of the plans had been achieved. The plans were
found to be especially effective in helping students to start a new exercise. However,
the link between the diagrams, on the one hand, and between the exercises sharing
the same plan, on the other, is still not very clear and needs to be improved. Other
ways of increasing the diversity of feedback were also identified for future work.
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Chapter 3

Introduction

3.1 Context

Learning how to code can be challenging at first as it requires a specific mindset
and way of thinking that typically comes with experience. A lot of the mechanisms
behind the coding of senior programmers are acquired by practice and a lot of times
implicitly. The steps and way of thinking for resolving specific issues come step by
step with time. For example, calculating the sum of an array seems very trivial,
but beginners first need to know what arrays are, how to iterate over them as well
as how to sum every element of this array. Once this is acquired, programmers do
not always think of these as individual steps anymore. As such, it can be difficult
for them to put themselves in the shoes of fresh students when explaining those
concepts.

The three introductory programming courses at UCLouvain, LINFO1401 - In-
formatique 1, LINFO1101 - Introduction a la programmation and LSINC1101 -
Introduction a la programmation, were given in Python for the first time in the
academic year 2018-2019. However, prior to this, an equivalent course had been
given in Java for several years. It allows students to discover the basics of pro-
gramming, covering concepts such as loops, functions or file processing, as well
as data structures like arrays, dictionaries or linked lists. Students also get to
understand the basic concepts of object-oriented programming, learning about
classes, inheritance and polymorphism. This course will now be referred to as a
CS1 course in the thesis, as it is commonly called in the literature.

The course is structured around a weekly topic and specific exercises to do. Each
week there is a specific problem and a recurrent study pattern the student is
supposed to follow. It includes a lecture, tutored sessions but also a lot of exercises



the students are expected to solve individually or in small groups. These exercises
are almost always described and evaluated through the INGInious platform.

3.2 Problem

The CS1 course is vital for building programming fundamentals that students
need throughout their curriculum. However, improvements are constantly needed.
The challenge is even greater since many first-semester university students are
unfamiliar with the learning environment, making it easy for them to feel lost.
Additionally, the teaching staff may struggle to understand students’ difficulties as
the course covers basic concepts.

It is in this context of improvement that we wanted to evaluate the quality of the
course, and more particularly the quality in diversity of feedback in INGInious
exercises. In A Systematic Literature Review of Automated Feedback Generation
for Programming [7], Keuning et al. describe a classification of different types of
feedback in order to compare different automated feedback generation tools. We
applied the same classification on the exercises of the CS1 course, the result of
which is presented on Figure 3.1. This allowed us to bring to light some imbal-
ances in the type of feedback. Indeed, on Figure 3.1 we notice that there is a lot
of feedback regarding Knowledge about Task Constraints (KTC/TR: feedback
specifying the goal and/or task requirements of an exercise) and Knowledge about
Mistakes (KM: feedback about the student’s mistakes) but barely any feedback
regarding Knowledge about How to proceed (KH: hints on how to proceed to
solve the problem) or Knowledge about Concepts (KC: explanations about the
concepts and knowledge behind the exercise). The feedback type of Knowledge
about Meta-Cognition (KMC: feedback encouraging the student’s awareness of its
capacities and task progression) is not even represented, as there was no evidence
of such feedback in the exercises. Following the classification described in Ott et
al. [6], this could also be expressed as a lot of feedback on Task Level but a lack
of feedback at a Process level or Self-regulation level. Feedback at a Process level
focuses on the process behind solving a solution rather than the solution in itself,
while feedback at a Self-regulation level focuses on encouraging the students to
self-monitor.

Ott et al. [6] praise the effectiveness of feedback on a self-regulatory level, and
mention some ways to implement this in a typical CS1 course. While they did not
fit our categorisation, the majority of these ideas are already implemented in the
CS1 course. Therefore, we prioritized emphasizing Process level feedback, as it was
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Figure 3.1: Distribution of the feedback types in the CS1 course

not yet fully implemented and thus had a greater potential impact than already im-
plemented feedback. Ott et al. [6] also highlight the effectiveness of feedback at the
Process level, stating it is even more effective then feedback on task level. Accord-
ing to Keuning et al. [7], this aligns with providing feedback About How to Proceed.

3.3 Motivation

This bias in the type of feedback as well as the general structure of the course
have an impact on how students approach the exercises. Often, students are very
focused on the topic and the exercises of the week, failing to see connections
between the topics covered in different weeks. A practical example could be the
similarities in use of data structures such as arrays and dictionaries, or the fact
that loops can be used to repeat expressions as well as to iterate over data structures.

This prevents students from comprehending the big picture and slows down their
progress in coding and general understanding. When considering only one topic,
they fail to see how a solution of a previous week could be adapted to the new



problem. For example, in week 4 an exercise "Ajoute" can be solved similarly to
"Prime Number", an exercise from week 2. By approaching the second problem
individually, they can feel lost and may not know how to proceed. This can
discourage them to try as they don’t even have a clear basis to start with.

3.4 Objectives

Through learning about the different types of feedback and the quality of feedback,
as well as through personal reflections we identified a series of ways to implement
different kinds of feedback, which will be detailed more later on. After some
thinking, we decided to put the emphasis on giving students indications on how to
proceed.

One way to remedy the problem would be to identify similarities between the
solutions of exercises. Showing students how to solve a particular sub-problem
would give them something to start with and a clear way of how to proceed. This
also helps them apply similar solutions to slightly different problems.

The goal of this thesis is thus twofold. The first is to help students have some basis
to start with when they feel lost in an exercise. We want to create a reference they
can look for, and promote an active thinking of the process. The second objective is
to encourage learning transfers between exercises. By identifying recurring patterns
between exercises, students will be more likely to solve new problems based on
previous ones.

3.5 Approach

In order to provide more feedback regarding Knowledge about How to proceed, we
wanted to establish links and identify the similarities between different solutions.
The aim is to provide a general outline for students to follow. We first tried to find
coding patterns between the solution of exercises. Inspired by the plans developed
by W. Lewis Johnson for PROUST [1], we identified a set of plans that are used
in different exercises across the course. Since the plans developed by W. Lewis
Johnson did not have the same objective as we had in this thesis, we had to redefine
them, making some of them more specific and others more general. Indeed, the goal
of W. Lewis Johnson was to develop a tool that would understand the intentions of
students by looking at their (sometimes buggy) code. Our objective however, was
to uncover the correct plans to make students aware of the similarities between the



exercises, helping them project the solution of an exercise onto another.

3.6 Contributions

After finding a balance between designing patterns that are too general or too
specific, we ended up with six different plans: Accumulator, Accumulator with
Condition, Verification, Filter, Counter and Maximum.

For each of these plans, we created a flowchart explaining the thinking behind each
of these plans. By keeping a clear color code, the student can easily understand
and use a new plan as well as spot the similarities between them. For each diagram,
a pseudo-code is added to show the student how to practically implement the plan.
There are multiple pseudo-codes for each flowchart as they depend on the data
structure and implementation choices. An example of a flowchart and an associated
pseudo-code is illustrated on Figure 3.2.

These plans were then inserted in the course in multiple ways. First they were
presented in the theory syllabus, by the means of some examples. These plans
were also and mainly used in the INGInious exercises, as hints or with scaffolding.
Hints were implemented in two ways, as hints about the links between exercises or
straight up hints about which plan this exercise is based on.

3.7 Roadmap

The remainder of this document is structured as follows: the next chapter will
provide the necessary background material, where our definition of feedback will
be defined. There will also be an explanation and a contextualization of the
INGInious Platform as well as the CS1 course. Next we will detail our analysis of
the course, following two classifications. In this chapter a mapping between both
categorizations will be proposed as well as the method used for applying this to
our course. The result and early conclusions of this analysis will be displayed too.
This will lead to the problem statement, where we will conclude that there is a
need for more feedback at a Process level. The development of the plans necessary
to implement this, as well as the design of the resulting diagrams will be discussed
in the first sections of the Solution chapter.Their insertion in the course, both in
the theory syllabus as in the INGInious exercises will be discussed at the end of
that chapter. Its effectiveness will then be judged according to a validation with
tutors. Finally, in a section "Future work", we will discuss other possible solutions
to diversify the types of feedback in the INGInious exercises and we will conclude
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with a section in which we reflect on the work done and summarize this thesis.

We have:
1. A data structure
2. A condition that the element must meet in order to be counted

|

Cou nter Initialization of a variable

"counter” (often to 0)

Is there
still an element in the data
tructure that has not bee
visited yet?

No

We move on to

the next
element
No _— Does
<_the element meet the
“"‘~--\g~9nditior]j,,,--—--"""
Yes
v v
We add one to We use the_
7 T value stored in
counter " .
counter'

iteration on the data
structure

(a) Flowchart of the Counter plan

la_list = (some predefined list) |

counter =0

[for element in a_list:|
if condition(element): |
counter = counter + 1

return counter |
(b) A pseudo-code of the Counter plan for lists

Figure 3.2: Example of the Counter plan
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Chapter 4

Background Material

4.1 Definition of feedback

In this thesis, the notion of good feedback will be used a lot. Sadler stated in
his article Formative assessment and the design of instructional systems [2] that
in order to speak about good feedback these three conditions have to be fulfilled,
it needs to: "(a) possess a concept of the standard (or goal, or reference level)
being aimed for, (b) compare the actual (or current) level of performance with the
standard, and (c) engage in appropriate action which leads to some closure of the
gap'. This definition has also been used by Ott et al. [6] in their article, and is
also the definition we will use throughout this thesis.

4.2 The INGInious Platform

In this thesis, we will mention the INGInious autograder a lot as well as the
exercises designed on that platform. In order to understand how the developed
diagrams will fit in the exercises, it is necessary to understand the context and
purpose of INGInious.

INGlInious is a web-based platform where students can submit their code for exer-
cises that teachers have created. The platform then runs the students’ code and
gives a grade, based on tests the teaching staff has designed. It gives feedback and
allows students to correct their code until it passes all the tests. Students can then
see in real time if their code compiles and passes (a part of) the tests. INGInious
is also used to conduct exams.

As described on the site of UCLouvain [9], this tool was designed in a context of
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providing a more pedagogical approach to coding. The teaching method followed
an approach where students would individually solve problems and exercises. This
demanded a lot of work from the tutors and assistants to correct and give feedback
to every student individually. A tool was thus required to overcome the scaling
problem regarding the number of students and the time it would take tutors to
correct each submission. INGInious is now used in many courses at UCLouvain, in
2019 it was used by almost 3000 students and it evaluated 800.000 submissions.

4.3 The CS1 course

Adapted to the Python language five years ago, the CS1 course is an first year
introductory programming course, given by Kim Mens, Siegfried Nijssen and
Charles Pecheur. The theory syllabus is based on the open-source book "How To
Think Like a Computer Scientist: Learning with Python 3" [3].

4.3.1 Contents

The weekly topics are distributed over eleven iterations, covering the basics and
some data structures as well as classes and inheritance. The complete program of
the course is as follows:

e Mission 1 - Getting Started

» Mission 2 - Programming basics

e Mission 3 - Functions and subproblems

o Mission 4 - Strings and lists

o Mission 5 - Tuples, Tests and Search Algorithms
e Mission 6 - Files and exceptions

e Mission 7 - Dictionaries

» Mission 8 - Classes and objects

e Mission 9 - Inheritance

o Mission 10 - Polymorphism

e Mission 11 - Linked lists

13



4.3.2 Structure

The course follows a weekly structure with a designated topic and corresponding
exercises. Each week, students are presented with a specific problem and are
expected to adhere to a recurring study pattern. It starts with a theoretical course,
where the new topic of the week, linked to the current problem, is introduced. This
is followed by autonomous learning where the student is expected to read a part
of the theory syllabus as well as solve some exercises. In small groups, students
then discuss this with a tutor who can answer all of their questions. During the
realisation phase, they get some time to work in pairs to finally solve the problem
of the week. Another session with the tutor is then scheduled, allowing him or her
to give some feedback on the week’s mission as well as answer the questions of the
final task they solve during that session. The iteration eventually ends at the next
theory class with a restructuring part, before starting the new topic. This specific
structure is depicted on Figure 4.1.

A CS1 week
X 11 weeks
f Mission

Prepa- Tutored Reali- Tutored
Lecture : i Lecture
. > ration — start-up —| sation — sum-up [— ,
week i . : week i+1
phase session phase session
Unsupervised Tutored
Lectures .
work sessions

1

Figure 4.1: Weekly structure of the CS1 Course; image taken from "An Analysis of
Tutors’ Adoption of Ezplicit Instructional Strategies in an Introductory Programming
Course." by Goletti, O., Mens, K. & Hermans, F. [8].

During the week, there are different sort of exercises the student can solve:

» Exercises in the exercise syllabus: These are not automatically graded and
are corrected /solved with a tutor.

o Exercises on the INGInious platform : Exercises the student can work on
autonomously since their solution is automatically graded, often with a

14



constructive feedback.

— Mandatory: The student is expected to solve all these exercises of a
week during that week.

— Optional Exercises: Exercises for further study. They are indicated with
the prefix Q*.

15



Chapter 5

Analysis of the CS1 course

The first step of this thesis was to analyze the state of the course in terms of
types of feedback. We based our analysis on two articles we already talked about
previously: Keuning et al’s [7] and Ott et al’s article [6].

5.1 Analysis based on Keuning et al. [7]

Like the title suggests, in their article, "A Systematic Literature Review of Auto-
mated Feedback Generation for Programming Exercises', Keuning et al. [7] compare
different ways to generate automated feedback for programming exercises. During
the process, they try to answer the question "What is the nature of the feedback
that is generated?", leading to a classification system of different types of feedback.

In their classification, based on the one described by Narciss [5], they distinguish
two types of generated feedback: Simple feedback components and Elaborated
feedback components.

Simple feedback components are divided into three categories: Knowledge of Re-
sult/response (KR), Knowledge of Performance for a set of tasks (KP), and
Knowledge of the Correct Results (KCR). Knowledge of Result/Response provides
information on the accuracy or validity of a solution for one task whereas Knowledge
of Performance gives feedback about the performance after executing multiple tasks.
Knowledge of Correct Results gives an explanation or indication of a valid solution.

Elaborate feedback components are divided into five categories which are almost
all divided into sub-types. The first category is Knowledge about Task Constraints
(KTC), which includes all feedback types that give more information on what the
task is about. There are two categories: one that gives more explanation on what
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is required, "Hints on Task Requirements' (TR) and one that focuses on how to
approach the task, "hints on Task-Processing Rules" (TPR). Another category,
"Knowledge about Concepts" (KC), gives feedback about the concepts necessary
to solve the problem, by giving explanations on the subject matter (EXP), or
by examples illustrating the concepts (EXA). The category Knowledge about
Mistakes, is divided into five sub-categories: Test Failures (TF) indicating which
tests fail, Solution Errors (SE) identifying errors in the behaviour of the solution,
Compiler Errors (CE), Style Issues (SI) and Performance Issues (PI). Overall,
this feedback type focuses on what the students does not do optimally or wrong.
Another category is "Knowledge about How to proceed", (KH), with three sub-
types. The first one, bug-related hints for Error Correction (EC), are hints on how
to correct the solution. As opposed to hints on Task-Processing Rules, it takes into
account the student’s progress. The sub-type Task-Processing Steps (TPS) gives
hints on the next steps to arrive to a solution. Once this solution is found, the
feedback of sub-type Improvements (IM) gives indication on how to ameliorate this
solution. Finally, the last category is Knowledge about Meta-Cognition (KMC),
which involves a student’s ability to recognize which strategy to use when solving a
problem, their awareness of task progress, and their understanding of task execution
quality.

5.2 Link with the classification of Ott et al. [6]

A feedback classification is also described in Ott et al’s article [6], in which they
discuss the categorization of Hattie et al. [4]. In this categorization, the feedback
types are divided into four categories:

o Task level: how well the task has been understood

o Process level: targets the process to solve a task

o Self-regulatory level: becoming independent to solve tasks
o Self level: targets the student’s self esteem

The latter however, according to Ott et al. [6], does not have a real impact on the
performance of the student and is thus discarded for the rest of the discussion.

In his article, Ott et al. also gives the three main questions to ask at each level:

o Where am I going? (“feed up”)
o How am I doing? (“feed back”)

17



o Where to next? (“feed forward”)

the answer to which describe respectively the goals, actual progress/performance
and the activities for improvement.

In order to represent the classification of Keuning et al. [7], we mapped those types
of feedback into the classification of Ott et al. [6]. The result of this mapping is
displayed in the following table. Highlighted in Green are the feedback types that
are the most represented while the types highlighted in red are the ones we will
end up trying to increase the presence of.

Goals Progress/Performance | Improvement
"feed up" "feed back" "feed forward"
KCR KP KM /SI
KTC/TR KR KM/PI
TASK KC/EXP KM/TF
KC/EXA KM/CE
KM/SE
PROCESS KTC/TPR KH/EC KH/IM
KH/TPS
SELF- KMC
REGULATION

Table 5.1: Table representing the mapping of the feedback types used in Keuning
et al. [7] to the feedback types used in Ott et al. [6]

On the task level, among the feedback types of Keuning et al. [7] that help identify
the goals there is Knowledge About Correct Results and Hints on Task Require-
ments. Indeed, if the student cannot identify the goals of the task, that is if he
does not know what the program is supposed to do (KCR) or does not know what
exactly is expected from him (KTC/TR), these types of feedback can be very
useful. In the same sense, if there are gaps in the student’s knowledge (KC), it has
to be addressed before the task can even be started.

The types of feedback relative to the Actual Progress of the student include the
Knowledge of Performance for a set of tasks, Knowledge of Result/response and
Knowledge about Mistakes. The types of Knowledge of Performance for a set of
tasks and Knowledge of Result/response are included in this category as they are
direct responses on the student’s progression regarding the task. The Knowledge
about Mistakes are also an indication on what the student has to change in his
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code to arrive to a solution, or to the ideal solution in the case of Performance
Issues and Style Issues, which are considered an improvement at this point of the
students’ programming level.

Regarding the Process Level, hints on the Task-Processing Rules help the student
get started on the task. This type of feedback has been included on the process
level as the emphasis lays on the approach of the task. Still on the Process Level,
but as "feed back" we find two subcategories of Knowledge about How to proceed:
bug-related hints for Error Correction and Task-Processing Steps. They consider
the student’s progress but do not focus on the task itself, rather on the progress
to solve the task. Finally, as activities for improvement we find the feedback type
Improvements, which gives hints on how to improve a solution.

The last feedback type of Keuning et al. [7], Knowledge about Meta-Cognition, can
be found on the Self-regulation level. Indeed, this type of feedback helps students
take a step back, reflect on their task advancement and helps them monitor their
OWIN Progress.

Some feedback types could fall into multiple categories. The Style Issues could
for example be put in the activities for improvement at the task level, depending
on if one considers the style to be an improvement or a necessity. In our case, we
decided to classify this as an Improvement since this is a basic course. The same
applies to the Performance Issues, as performance is not really discussed in this
basic programming course.

5.3 Classification of the INGInious exercises

To evaluate the overall heterogeneity of the automatic feedback given to students
in our CS1 course, we classified the different types of feedback found during our
analysis of INGInious exercises into the categories discussed by Keuning et al. [7].
For this classification, we only included feedback from the mandatory INGInious
exercises (cfr Background Material), omitting the Multiple Choice Questions. In-
deed, often these MCQ’s did not fit a particular feedback type as Keuning et al. [7]
described this classification specifically for coding. The results of this classification
can be observed on Figure 5.1. It lists each type of feedback and its abbreviation
with, in the "Absolute" column, the number of times feedback of this category has
been encoded in INGInious exercises. The "Relative" column shows the relative
frequency compared to the total number of feedback (227), in percent. For clarity
purpose, a color was given to each category. Sub-types were given a color in the
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Abbreviation Feedback Type Absolute Relative

KP Knowledge of performance for a set of taskgN.A. N.A.

KR Knowledge of result/response N.A. N.A.

KCR Knowledge of the correct results N.A. N.A.

KTC/TR Hints on task requirements 74| 32.599119
KTC/TRP Hints on task-processing rules 0 0
KC/EXP Explanations on subject matter 1| 0.4405286
KC/EXA Examples illustrating concepts 0 0
KM/TF Test failures 58| 25.550661
KM/CE Compiler errors N.A. N.A.

KM/SE Solution errors 71| 31.277533
KM/SI Style issues 0 0
KM/PI Performance issues 0 0
KH/EC Bug-related hints for error correction 3| 1.3215859
KH/TPS Task-processing steps 1| 0.4405286
KH/IM Improvements 0 0
KMC Knowledge About Meta-cognition 0 0

Figure 5.1: Table of the number of feedback per category

same color family.

A Hint on Task Requirement could be "Nice try! But the operator '%’ has been
disabled. Please write an actual algorithm calculating the remainder.” (Q* Reste
d’une division entiére, Week 2), or a reoccurring one: "You did not provide the
requested method.", (like in Maximum, Week 3). The only Explanation on subject
matter was found in an exercise of the last week and was "By using insert on
an empty LinkedList, the item will become head of the LinkedList.", (LinkedList -
insert, Week 11). An example of a Test Failure feedback (KM/TF) is "The median
of {} is {} and you returned {}.", (Median, Week 1) and an example of a Solution
Error (KM/SE) is "You don’t properly process words that don’t have common lines."
(Realisation Phase, Week 7). One of the feedback of bug-related hints for Error
Correction (KH/EC) is "Are you deleting the punctuation surrounded by spaces?
Like this example: And now: a test!’")", (Realisation Phase, Week 7). Finally, the
only feedback of the category of task-processing steps is "You are using a global
variable which is not recommended; try to adapt your exercise to use a class variable
instead of a global variable." (Ticket - Variable de classe, Week 9).

Some categories were not included in the classification of the INGInious exercises
because they did not apply. For clarification purpose they are showed in the table
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as N.A.. In the case of the Simple feedback components, Knowledge of performance
for a set of tasks and Knowledge of result/response are inherently integrated into
INGlInious as it always displays how many tasks pass the tests. Knowledge of the
correct results never applies, as (indications of) solutions are only given during the
session with the tutor.

For Elaborate feedback components, the compiler errors are also always embedded
in the INGInious platform. Indeed, when the program does not even compile,
INGInious automatically displays the compiler errors.

When counting we decided to count feedback messages that were too similar as
one for the same exercise. The following two examples of the category Knowledge
about Mistakes - Test Failures (KM/TF) were for example counted as one:

o The result of the program for data 1 gives X but you returned Y
e The result of the program for data 2 gives X but you returned Y

It is important to note that some feedback messages did not belong clearly to a
particular category, as there was some room for interpretation. For example, the
difference between the subcategories Solution Error and Test Failure of Knowledge
about Mistakes was not always explicit. Indeed, the failure of a test indicates as
well that the program does not behave like it is supposed to. We decided to put all
feedback messages that were in the form "You return X instead of Y" in the Test
Failure category and the rest in the Solution Error category.

The most frequent feedback messages where “The result of {} is {} and you returned
{}.¢ a feedback of type knowledge of mistakes (KM/TF) and “You did not name
the method as expected.”, a feedback of type knowledge of task constraint (KTC/TR).

Thanks to this analysis we can observe that some categories of feedback are well
represented while others are completely neglected. The three categories which
combined form 97% of the feedback messages are hints on Task Requirements,
Knowledge about Test Failures and Knowledge about Solution Errors. Unfortu-
nately there is almost no feedback regarding Knowledge about Concepts, Knowledge
on How to proceed or Knowledge about Meta-Cognition.

The categories that are already very present in the current course are highlighted
in green in the table linking the classification of Keuning et al. [7] to the one of
Ott et al. [6] (Table 5.1). We can observe that there is almost exclusively feedback
on the Task level.
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5.4 Problem Statement

Since the CS1 course lays the basics of programming that are necessary throughout
the student’s curriculum, there is a constant need to improve this course. New
studies and articles emerge, raising relevant remarks on how to improve this type of
course, and can be incorporated into the course. The possibilities of improvement
are especially high since the course has only been taught in Python for a couple of
years. There has not yet been time to fully explore every option of improvement.

A challenge the development of this course also faces is the fact that the majority of
the students are in their first semester at the university and are not yet acquainted
with how a university works. They can thus easily be lost in this new way of
teaching. Additionally, as this course deals with the basics, it may also be hard for
the teaching staff to understand the students’ difficulties.

For this thesis, we put the focus on the INGInious exercises, and more particularly
on the feedback given. To evaluate the overall quality of the feedback, we performed
the analysis previously detailed. During this analysis, we noticed that there was a
lot of feedback of some types like Knowledge about Task Constraints or Knowledge
about Mistakes. Although these types of feedback are necessary, a diversity of
feedback types is desirable. As such, the lack of feedback of types Knowledge about
How to proceed or Knowledge about Concepts for example is a problem, or at least
a missed opportunity. Indeed, different types of feedback target different areas
and have a different impact. If we look at the categorisation of Ott et al. [6], this
feedback is equivalent to feedback on a Task level, which is good. But it is a missed
opportunity, as it would be beneficial to encourage students to think about their
process of solving an exercise or to encourage their autonomy.

In their article, Ott et al. remind us that according to J. Hattie and H. Timperley
4], feedback on a Process level "is more effective than feedback on task level because
it is targeting the development of task strategies rather than the task outcome’
[6]. They make a distinction between programming process and course-related
process. The programming process refers to the specific steps involved in writing
code and developing a program, while course-related processes encompass broader
aspects of the CS1 course, including attendance, meeting requirements, and overall
engagement with the course material. In this thesis we will solely talk about the
first one, as we focus on the INGInious exercises.

The feedback provided at the self-regulation level aims to enhance students’ ability

to monitor their own progress and effectively manage their learning process. It
focuses on developing students’ skills in self-assessment, self-reflection, and self-
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directed learning. According to Ott et al. [6], feedback on a self-regulatory level
can "help them become confident and efficient software developers who know the
tools of the trade and how to approach the problems involved". In the same article,
they mention a couple of ways to implement this in a CS1 course. This includes
Multistage Assignments or Self-Monitoring Course Performance, which are already
implemented in the course. It did not show in our analysis because it was based on
solely on the direct feedback in the exercises.

Since implementing self-regulation directly in the exercises did not fit very well
and was also already partially implemented, we decided to put the emphasis on
feedback on a Process level. Additionally, adding feedback on that level would
make the most impact since it was not yet implemented at all. In the categorisation
of Keuning et al. this would largely correspond to Knowledge about How to proceed.

A lack in feedback at a Process level can impact how students approach these
exercises. By only focusing on the task at hand, they fail to see the connection
between the exercises and between the topics of the different weeks. The objective
of this thesis will be to demonstrate that the way of resolving different exercises
can be very similar. The focus will lie in showing the similarities in different data
structures, and in particular for iterating over them.
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Chapter 6

Solution

6.1 Towards a solution

In order to provide more feedback of type Knowledge about How to proceed, we
tried to identify the similarities between the INGInious exercises of the course. We
ended up identifying recurring "plans' or "patterns', used in several exercises. To
find and select them we were inspired by some of the plans developed by W. Lewis
Johnson for PROUST [1].

Johnson developed these plans in a very different context. He developed a program
PROUST that would try to understand the students’ intentions behind their coding
and uncover their possible misconceptions or errors. PROUST was given a series of
possible plans (both correct and erroneous), which it could adapt to the students’
codes. This was developed for the programming language Pascal.

Because of this very different context, we had to adapt the plans to fit our needs.
Some of Johnson’s plans were incorrect precisely because they were designed to
also recognize buggy codes. Other patterns just did not apply for our case. This
was for example the case for the "Code Block" plan, which is just a begin-end pair,
something specific to Pascal. The remaining plans also needed to be adapted, as
they were sometimes too specific or not specific enough. For example, his "Average
Plan" was too specific, and his "Condition if test" was too general for our purpose.
As we will see later, "Average Plan" will end up as a possible example for our
"Accumulator” plan. The "Condition if test" is too specific as if statements are
omnipresent. Although we did not really split this into multiple categories, if
statements are part of almost all final plans. The greatest challenge was to find
a good balance between identifying plans that were neither too specific nor too
general. To assess this, our criterion was the number of applications in the exercises:
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if a potential plan was identifiable in almost all exercises, it had to be split into
more specific plans. On the other hand, if it only occurred in one exercise, it meant
the plan was too specific. An exception however was made for the Maximum Plan,
which appeared only a couple of times in the exercises but could not be more
abstract at the risk of being too general.

In total, six plans were identified: "Accumulator’, "Accumulator With Condition’,
"Verification", "Mazximum', "Filter" and "Counter'. Only Maximum and Accu-
mulator really coincide respectively with Johnsons’ Maximum Plan and Running
Accumulation, the rest is adapted or totally added.

We have:
1. A non empty data structure

!

M aximum Initialization of the variable "max" with

the value of the first element of the
data structure

= .

- —
Is there
_fill an element left in the data~_ No

I structure that has not -
We move on to \hgen visited ygt?/
the next g
element Yes

h

We use the

value stored in
We replace "max" "max"

by the new element

iteration on the data
structure

Figure 6.1: Flowchart of the Maximum Plan
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6.2 The Plans

6.2.1 Designing the diagrams

For the visualisation of the different plans we created flowcharts paired with pseudo-
codes. The flowcharts were designed to be the most conceptual possible. That way,
one flowchart can represent the same plan in different implementations. As such,
the flowchart of plan "Maximum" for example, can be applied to lists or dictionaries
and can be implemented with a for loop or a while loop. This flowchart is visible
on Figure 6.1.

The flowcharts are organized to represent a sequence of code execution. Rectangular
boxes are used to represent an action. This can express for example the action
of initializing or updating a value. As the prerequisites and the result are also
considered actions, even if they are not part of the plan, they are also represented
in a box. For example, after calculating the sum of the elements of list, an action
has to be conducted, whether it is a print(), returning a result or yet another action.

The pseudo-codes on the other hand are designed to be the most specific possible
to the certain plan, while staying applicable to a lot of different problems. This
allows student to have a lot of scaffolding and allows them to understand how to
use the plan in practice. For each flowchart, a lot of pseudo-codes are possible,
as the pseudo-code depends on the data structure and choices of implementation.
For clarity purpose, we mainly designed pseudo-codes with for loops, as they are
more compact and easier to read. A lot of the pseudo-codes are designed with lists
as well. That is because the first data structure that students learn about and in
which all plans make sense are lists (in fact, the first data structure students really
get acquainted with as such are strings, but the plan "Mazimum" for example
would not make much sense to them practically).

Since there are lots of ways to implement the different flowcharts, especially when
considering every data structure, not every case has had its pseudo-code developed.
We will discuss the main pseudo-codes used in practice, from which all the other
pseudo-codes can be deduced. As the course is given in Python, naturally the
pseudo-codes also use the Python syntax. In order to keep some coherence we will
first present the pseudo-codes for each plan for lists and for loops. For a specific
pattern we will then detail the difference between for and while loops. Finally we
will discuss the difference in pseudo-code for each data structure.
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We have:
1. a data structure
2. An operation to accumulate all the
elements of the data structure

Initialization of a variable
"accumulator” (often the neutral

Accumulator element of the operation)

No
the data structure that has nof
been visited yet?

We move on to
the next
element
0 l We use the
We update the accumulator accumulated value
variable by doing an operation stored in the
iteration on the data on it with the new element "accumulator”
structure

(a) Flowchart of the Accumulator Plan

la_list = (some predefined list))

accumulator = some value

for element in a_list: |
accumulator = operation(accumulator, element)

return accumulator
(b) Pseudo-code of the Accumulator Plan for lists and a for loop

Figure 6.2: Diagrams for the Accumulator Plan

6.2.2 Accumulator

The Accumulator plan represents a pattern in which, as a data structure is traversed,
a variable (the accumulator) is updated with every element of the data structure.
This is for example the plan for calculating the sum of the elements of a list.

The flowchart of the Accumulator Plan is illustrated on Figure 6.2 (a). The prereq-
uisites for this plan are the data structure and the operation with which we want
to accumulate all the elements of the data structure. Typical operations are for
example addition or multiplication. The plan begins with the initialization of the
accumulator to the neutral of the operation. This can be zero in the case of an
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addition, or one for a multiplication for example. After processing every element of
the data structure, we use the value stored in the accumulator.

The pseudo-code for this plan is shown in Figure 6.2 (b). The particularity of
this implementation is the way the operator is expressed. Since it can be a lot of
different operations, we modeled it as a function using accumulator and element.
In this plan we can see that the pseudo-codes are designed to be easily adaptable.
The accumulator can for example be initialized at any value, and can be updated
with every operation. This said, it is important that in this plan the accumulator
is updated depending on the current element and not a constant. We made
that distinction because in the way of thinking and in the application on specific
problems this was a fundamental difference.

6.2.3 Accumulator With Condition

A very similar plan is the Accumulator With Condition Plan. It is virtually the
same except a condition is added in the iteration. This allows the student to
filter out some of the elements and to not include them in the calculation of the
accumulator. An example of this plan could be to calculate the sum of all even
elements of a list. One of the reasons this plan was added as a whole separate plan
and not a contraction of two plans was to bring to light a comparison with other
patterns, which we will discuss further later.

Like mentioned previously, the flowchart of Accumulator With Condition Plan, on
Figure 6.3 (a) is largely the same as the Accumulator Plan. A prerequisite and a
blue diamond are added to respectively represent and express the filtering condition.

The pseudo-code of the Accumulator With Condition Plan (Figure 6.3 (b)), adds a
condition in the loop. Since the syntax of the condition depends on the condition
itself, we expressed it as a function depending on the element. The rest is similar
as the previous plan.

6.2.4 Filter

The Filter Plan represents a plan that loops over a data structure to filter out some
elements based on a condition. The resulting elements are stored in another data
structure. This plan can for example be used to filter out all negative elements
from a dictionary. The particularity of this flowchart, as illustrated on Figure 6.4
(a), is that an empty data structure is created. This structure will be used to store
the resulting elements of the filter. The pseudo-code for the Filter (on Figure 6.4
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(b)) initializes an empty list and appends elements to it. Since it is specific to the
data structure and not directly to the problem in itself, we can be quite specific
and express this literally.

We have:
1. A data structure
2. An operation to accumulate all the elements
3. A condition that the element must meet in order to be included in
the accumulator

3

Acc umu I ato r Initialization of a variable "accumulator"
(With con d ition) (often the neutral element of the operation)

— s ~
el - e
__—there still an elementin—._ | No
-
~~the data structure that has not—
We move on to ~been visited yet?
the next T~

~

element l Yes
A

No ‘Does
<_the element meet the >
~—_condition?

Yes

A,

¥ We use the
We update the accumulated value
accumulator variable with stored in the
the new element “accumulator”

iteration on the data
structure

(a) Flowchart of the Accumulator With Condition Plan

la_list = (some predefined list))

accumulator = some value

(for element in a_list: |
if condition(element):|
accumulator = operation(accumulator, element)

return accumulator

(b) Pseudo-code of the Accumulator With Condition Plan for lists
and a for loop

Figure 6.3: Diagrams for the Accumulator With Condition Plan
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We have:
1. A data structure to filter
2. A condition ¢ that the elements of the
resulting data structure need to meet

|

Initialization of an

F i Ite r empty data structure:

"resulting_structure”

r

// e
i . No
_ A there still an element:
~_

’—>&£ﬁ in the data structure that has >——————
~not been visited yet? — g

We move on to
~—~ —
the next T~
element Yes

“Does the element’

-~ meetthe
~~condition?~~
" Yes
A 4 A
We add the element We use the
to the resulting data resulting data
structure structure

iteration on the data
structure

(a) Flowchart of the Filter Plan

[a_list = (some predefined list)]

resulting_list =[]

[ for element in a_list: |
[11 condition(element):
resulting_[ist.append(element)

return resulting_list |

(b) Pseudo-code of the Filter Plan for lists and a
for loop

Figure 6.4: Diagrams for the Filter Plan

6.2.5 Maximum

A more specific plan is the Maximum plan, in which the maximum value of a data
structure is searched for. It is implemented in such a way that the maximum value
is searched for, but can be easily adapted so that, for example, the index of the
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We have:
1. A non empty data structure

M aximum Initialization of the variable "max" with

the value of the first element of the
data structure

Is there
ill an element left in the data

structure that has not
We move on to been visited ye
the next
element
A
,-"Y‘
No — Is
|———<the element greater than>
T "'max"?
Yes
A
We use the
value stored in
We replace "max" "max"

by the new element

iteration on the data
structure

(a) Flowchart of the Maximum Plan

[ a_list = (some predefined list)]

maximum = a_list[0]

for element ina_list: |
[1t element > maximum: ]
maximum = element

|’ return maximum

(b) Pseudo-code of the Maximum Plan for lists
and a for loop

Figure 6.5: Diagrams for the Maximum Plan

maximum value of a list is found. Its flowchart, on Figure 6.5 (a), includes an
initialization of an initial maximum, the first element of the data structure. The
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condition here is specific, as well as the action associated (namely replacing the
previous maximum by the new maximum).

We did not detail every exception that might occur. For example, it does not
model the case where the data structure is not empty, or when the elements are
not comparable. The objective was to keep this flowchart the most simple to show
the pattern without confusing the student with corner cases.

The Maximum plan, whose pseudo-code is depicted on Figure 6.5 (b), is the most
specific pattern and thus has the least flexibility. The fact it is so specific allows
the condition to be explicit, and directly applicable for students. The advantage of
such an explicit plan is that it allows students to see even more concretely how a
plan is coded.

6.2.6 Verification

The Verification Plan represents a plan where a data structure’s validity is verified.
If one of the elements does not meet the validation condition, the loop is exited
and False is returned.

Its flowchart, on Figure 6.6 (a), is different than the other plans structure-wise.
When finding an element that does not meet the condition we exit the loop. This
is represented with the light red color indicating the scope of the loop. Here two
outcomes are possible, resulting in two green boxes.

The pseudo-code of the Verification pattern, on Figure 6.6 (b), is broadly similar to
the other pseudo-codes, with the major difference that it is possible to exit the loop
while it has not yet iterated over all elements. This difference is more important
conceptually in the flowchart than practically in the pseudo-code.

6.2.7 Counter

Finally, the last plan "Counter" is used to count how many elements of a data
structure meet a certain condition. This could for example be used to count how
many numbers of a list are prime numbers.

Its flowchart, on Figure 6.7 (a) is very similar in structure to the Accumulator

With Condition Plan. Here we have a variable counter we increment every time
an element complies with the condition. There are two main differences with the
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Accumulator With Condition Plan: the increment here is constant and does not
depend on the element itself. We chose not to merge these two plans because of the
amount of times the Counter plan is applicable on exercises on its own. Merging
the Counter and Accumulator With Condition plans would have resulted in too
large a category.

Finally, for the pseudo-code of the Counter plan on Figure 6.7 (b), we decided to
remain very explicit and set the start of the counter to zero and the increment
to one. We decided to do this because it will be the case in most of the exer-
cises the students will have to solve. A counter with a constant increment other
than one is not very common and would confuse students as to when to use this plan.

We have:
1. A data structure we want to verify
2. A condition that all elements of the data
structure must meet

Verification

here still an element left
in the data structure that has no
been visited
yet?

No
We return True

We go on to the Yes

next element

_— Does No
<_the element meet the >——————>We return False
~condition? —

|7Yes

iteration on the data
structure

(a) Flowchart of the Verification Plan

fa_list = (some predefined list)

ffor element in a_list: |
if not condition(element):)
return False

return True

(b) Pseudo-code of the Verification Plan for lists
and a for loop

Figure 6.6: Diagrams for the Verification Plan
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We have:
1. A data structure
2. A condition that the element must meet in order to be counted

|

COU nter Initialization of a variable

"counter" (often to 0)

£

~_

//Isthere
Man element in the W No

~~structure that has not been —
T visited yet?
We move on to //
the next Yes
element
_— Does
<__the element meet the
~condition?
Yes
v v
We add one to We use 1he_
N N value stored in
‘counter " '
counter'

iteration on the data
structure

(a) Flowchart of the Counter Plan

a_list = (some predefined list) )

counter =0

(for element in a_list:|
if condition(element): |
counter = counter + 1

return counter |

(b) Pseudo-code of the Counter Plan for lists and a for
loop

Figure 6.7: Diagrams for the Counter Plan

6.2.8 Other implementations of pseudo-codes

The previous pseudo-codes used for loops as they are generally more compact.
An example of pseudo-code with while loops is illustrated on Figure 6.8 (a). To
show the plans on different data structures, we chose to illustrate this with the
Filter plan. This pattern was chosen because it is the only pattern including an
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initialization of the data structure. Moreover, it also shows how to add elements
to it and it is possible to find examples of meaningful applications for each of the
data structure seen in the course. Pseudo-codes for the different data structure are
depicted on Figure 6.8 (b), (c¢) & (d).

[aﬁlist = (some predefined iist)]

resulting_list =[]

i=0

[string = (some predefined string)J

ile i<len(a_list):
(if condition(a_ist[i]): resulting_string =""
resulting_list.append(a_list[i])

[ for character in string: |

[n‘ condltlon(character):]
L=1 resulting_string = resulting_string + character
return resulting_list return resulting_string

(a) Pseudo-code of the Filter Plan for (b) Pseudo-code of the Filter Plan for strings
lists and a while loop and a for loop

[ll = (some predefined linked list)]

resulting_11 = LinkedList()
[dico = (some predefined dictionnary) ] Gurrent = ILArst)

resulting_dico = {}

fwhile current is not None: |

[for key in dico.keys():] (if condltlor.l(current.Value()): J
1f condition(dicolkey]): | resulting 1l.add_as_last(current)
resulting_dico[key] = dico[key] [current = current.next() |

return resulting_dico return resulting_II

(c) Pseudo-code of the Filter Plan for (d) Pseudo-code of the Filter Plan for linked
dictionaries and a for loop lists and a while loop

Figure 6.8: Different implementations of the pseudo-code for the Filter Plan

Our three axis of modification are thus the type of loop, the type of data structure
and the plans. The associated constants for showing the different cases are respec-
tively for loops (except for Linked Lists), lists and the "Filter" pattern.

6.2.9 Color Code

A same color code is applied to both the flowcharts and the pseudo-codes, so that
the link between the two are explicit and clear.
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The prerequisites are in a grey box. They are often the given of a problem, or a
data structure that needs to be changed. For example in "Filter', the prerequisites
are the condition of filtering and the data structure that needs to be filtered.

The red is used to illustrate iterations. Darker red is used to represent the code
responsible for this iteration, and light red is used to show its scope. The darker
red encompasses all code necessary to create a loop. That means that in the case
of a while loop for the plan "Accumulator’, the darker red is also used for the code
initializing and updating the index i for example, as shown on Figure 6.9.

la_list = (some predefined list) |

accumulator = some value

while i<len(a_liste): |
accumulator = operation(accumulator, a_liste[i])

return accumulator

Figure 6.9: Pseudo-code for the Accumulator pattern with a while loop

Green is used to show the result. This way, the student understands the goal of
the operation. For example in the case of the "Accumulator’, we want to use the
result of what is stored in the variable accumulator.

Finally, we used two colors for conditions: blue and purple. Blue is used for
conditions expressing a belonging to a certain group. This is for example the case
in the plan "Filter’. The condition expresses if the element of the data structure
belongs to the group that is going in the resulting data structure or not. A practical
example of such condition could be "all numbers that are odd".

Purple is only used in the "Mazimum" pattern, as it is the only pattern without
a condition of "belonging". Since the pattern in itself is quite specific, this color
as well. It specifically represents the condition verifying whether the element is
greater than the current maximum or not.
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6.2.10 Similarities in Plans

The main pattern from which three other patterns are derived is the "Accumulator
with condition" pattern. Indeed, the most obvious example is the "Accumulator"
pattern, which simply removes the condition. "Counter" also represents an ac-
cumulation, but it is constant and does not depend on the element of the data
structure. Finally, the resulting data structure in "Filter" can also be interpreted
as an accumulator, and the operation then becomes, for example, append() in the
case of lists. This is also explained in the theoretical syllabus.

6.3 Insertion in the course

Students are first introduced to these diagrams in the theory syllabus [10]. In the
associated INGInious exercises, those plans are reminded explicitly. As the students
become more experienced, these hints become less frequent or more implicit. How
these diagrams are presented and how those hints are put in place will explained
in this section.

6.3.1 Theory syllabus

The first time we mention these plans in the syllabus is when students discover the
principle of iteration. They are presented two problems: the sum of the numbers
from one to ten, and the subtraction of the numbers from one to hundred. The
goal is to show them that different problems can have the same structure in their
solution. Here the example is quite obvious since we wanted to start with an
easy plan. We display two possible solutions for the problems and then proceed
to extract the pseudo-code of the Accumulator pattern out of it. Those specific
implementations are shown on Figure 6.10. Only after showing the pseudo-code
we show the associated flowchart. After this, the opposite will be done: first the
flowchart and then a possible pseudo-code. The first time we put the focus on
understanding the goal of the plans and on showing how it could be useful. But
for the other plans we do the opposite to encourage the student to think about the
general structure of his or her solution before coding.

The diagrams we first show them of the Accumulator pattern have been slightly
modified to fit their level of understanding. Firstly, since they have not yet seen
functions, they don’t know what return statements are. These are therefore replaced
by print() instructions. Nor do they know exactly what data structures are, since
they’ve only briefly seen lists and strings used, but not as such. We modified both
the flowchart and pseudo-codes to apply them to "sequences of numbers' (generated
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Problem 1 Problem 2

fequence= range(1,10) | fsequence= range(1,100)
accumulator =0 accumulator =0
[for element in sequence: | [for element in sequence: |
accumulator = accumulator + element accumulator = accumulator - element
[print(accumulator) | [print(accumulator) |
(a) Solution of the first Problem (b) Solution of the second Problem

[sequence = range(begin, end, step))

accumulator = some value

(for number in sequence: |
accumulator = operation(accumulator, number)

print(accumulator) |

(¢) Pseudo-code for the problems

We have:
1. a sequence of numbers
2. An operation to accumulate all the
numbers

|

Initialization of a variable "accumulator” (often

Accu mu Iator the neutral element of the operation)

there still a number in No
|—’ the sequence that has not
been visited yet?
We move on to
the next number
We use the
We update the accumulator accumulated value
variable by doing an operation stored in the
on it with the new number "accumulator"

[teration on the sequence
of numbers 4

(d) Flowchart of the Accumulator pattern for a sequence of numbers

Figure 6.10: Introduction to the Plans in the theory syllabus
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with the range() function). This is visible for the Accumulator plan on Figure 6.10
too. After this we introduce a second pattern: the Counter plan, with the same
tweaks (a print() statement instead of a return and a sequence of numbers instead
of the word "data structure").

At the end of the theory about strings we introduce the Verification Plan. Students
have now already seen what functions are so the print() statements can become
return statements. However, they still have not explicitly seen a lot of data struc-
tures, so the flowchart has been adapted to strings instead of staying very general.

It is only when discovering lists that we introduce the rest of the patterns. We first
show all the previous patterns with the flowchart generalized to data structures
as well as all the pseudo-codes with return statements and lists. We then proceed
to explain the rest of the plans, namely Accumulator With Condition, Filter and
Maximum. Every time the associated pseudo-code is shown for lists and sometimes
illustrated with a practical example. We kept this quite short as students should
already understand the concept of plans at that point and have already seen half
of the plans before.

Every time a new data structure is introduced in the theory syllabus, a pseudo-code
of the pattern "Filter" is created, showing students how to modify the plans to fit
the specific data structure. This will be the case when introducing dictionaries and
linked lists, as illustrated on Figure 6.11. The advantage of the "Filter" pattern
is that it allows us to show almost all possible operations on a data structure. It
includes initializing a structure, adding elements and accessing elements of the
structure.

6.3.2 INGInious exercises

The first step was to identify the different plans in the exercises. To give an idea
on the frequency of these patterns in the INGInious exercises, figure 6.12 shows a
general timeline of the different patterns in the exercises up to week four. Out of
the 43 coding exercises of week one to four, 18 implement one or more plans. To
help students translate theory into practice, several solutions have been thought of.
They vary in degree of help but all use the patterns in some way. All those helps
are directly displayed with the exercise statement. We will discuss them starting
from a lot of guidance to a small help.
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Patterns applied to dictionaries

All the patterns we have already seen can be applied to dictionaries. To illustrate this, let us take the “Filter" pattern. The pseudo-code with
for loops then becomes:

[dico = (some predefined dictionnary) |

resulting_dico = {}

l for key in dico.keys():

‘ 11 condition(dico[keyT):
| resulting_dico[key| = dico[key]

‘return resulting_dico |

The modification of the other plans to fit dictionaries is very similar.

(a) Introduction of the Filter plan for dictionaries
Patterns for linked lists

Like every other data structure, the plans we have identified for lists can also be adapted to linked lists. As an example, let's take yet again
the example of the “Filter" pattern. The pseudo-code becomes this:

(0= (some predefined linked list)|

resulting 1l = LinkedList()

urrent = I1.first()

'
[if condition{current.value()): ]
resulting_ll.add_as_last(current)

\_
[return resulting Il

Notice that it is necessary to add the new nodes as last, and not as the head like the normal method "add(self, cargo)” does. Otherwise, the
resulting linked list would be reversed. A possible code for add_as_last() in the LinkedList class could be:

def add_as_last(self, cargo):
node = Node(carge, None) #create the node that is going to be added
if self.__head == None: #If the linked list is empty
self._ head = node

return

current = self.__head
while current.next() is not None: #While we have not reached the last node
current = current.next()

current.set_next(node) #The next node of the (previously) last node becomes the created node

(b) Introduction of the Filter plan for Linked Lists

Figure 6.11: Introduction of different data structures in the Theory Syllabus

40



e Q* Somme

Legend

¢ Q* Factorial

e Somme a completer

* Nombres premiers

* QBF

e Factorial

¢ Q* Plus grand diviseur Accumulator

S3
e Q* Calcul d'intéréts Counter
* Q* Fibonacci
) ;
e Index maximum Maximum

e Ajoute

* Recherche

e Nombres Premiers

e Réalisation: is_adn(s)

S4

e Réalisation: distance_h

* QBF

*«Q* Sum Verification AND Filter

.j Verification OR Maximum

e Q* Average

e Q* Difference Counter

— J J G J  JL . J  J J J . J  J_ J Jo L J J JL_JLJ

FEEEK EEEECEEEE @@ &

Figure 6.12: Plans occurring in the INGInious exercises until Week 4

Scaffolding

One way to show students how to apply those patterns is by implementing their
structure in the exercises. For those exercises, the pseudo-code is already visible to
the students, with blanks they have to fill in. This is for example the case with the
exercise "Q* Somme", as showed on Figure 6.13. In this optional exercise of week 1,
students are asked to store the sum of the numbers from 1 to x in a variable result.
This is a typical example of the Accumulator pattern, and we can thus provide the
parts of the pseudo-code that are fixed for this particular pattern. However, this is
a lot of support, so it will not be implemented for a lot of exercises. The main goal
for this help is show students how to take advantage of these plans.

41



Session 1: Q* Somme [Edited]

In programming, one of the first exercise asked for practice is to calculate the sum of the n first positive integers. It is to illustrate the
capacity to repeat a process easily and with a few lines of computers.

To do so, use a for loop with a range.

Note: The code fragment we give you is the basis structure of the Accumulator pattern, described in the theory syllabus
(https://drive.google.com/drive/folders/1wk95Y2DQRDorlsxd8h2PoMGIGHWnbNOY?usp=sharing).

Implémentation

x = ... #le nombre

result = ... #enregistre dans la variable la somme des c premiers entiers positifs
result = _
for in

result = result _

Figure 6.13: Caption of the Q* Somme exercise with scaffolding

Session 1: Q* Factorial [Edited]

In mathematics, the factorial of a strictly positive integer x, denoted as ! is the product of all strictly positive integers less than or
equal to x. The factorial of 0 is defined as 1. Calculate the factorial of an integer x and store the computed value in the variable result.

Examples:

e 5l =5x4x3x2x1=120
e 0l =1

Hint: If you encounter some problems knowing how to proceed, the "Accumulator" pattern can help you get started. Notice the
similarity with the exercise Q* Somme. (Link to the theoric syllabus extract:

Figure 6.14: Caption of the Q* Factorial exercise with a hint directly based on the
plans and a hint based on another exercise

Hints directly based on the plans

Another type of help developed in the exercises are hints describing what plan
that particular exercise uses. That way, students who are having trouble with
starting the exercise, or don’t know how to proceed can base their code on the
pseudo-codes and adapt them to the problem at hand. An example of this type of
hint is available on Figure 6.14, which depicts the exercise Q* Factorial, of Week 1.
This type of hint will be the most implemented in the INGInious exercises, as it
does not give too much detail and is applicable on a lot of these exercises.
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Hints based on other exercises

The last type of hint consists of making links between exercises. The idea is to
reuse the same thinking process and parts of the code of a previous exercise to
solve a new one. This encourages the student to see the links between the topics
and thus deepen his comprehension of the subject. This is illustrated at the Figure
6.14, with the exercise Q* Factorial, where students have to store the factorial of
number z in the variable result. In this example it is used in combination with a
hint based on a pattern as it is one of the earlier weeks, but it could also be used
as only hint. This is for example the case in the exercise "Q* Calcul d’intéréts",
as presented on Figure 6.15. However, although they are useful, opportunities to
implement those types of hints are quite rare. Indeed, students already have a lot
of exercises to do, and adding too many exercises can be overwhelming. As such,
there is a need to carefully select the exercises and avoid redundancy. Exercises are
thus varied and a direct transposition of a solution of one problem onto another
problem is not often possible.

Session 3: Q* Calcul d'intéréts [Edited]

Suppose you now have base € on your savings account.

If you leave it x years on that account at a fixed cummulative interest rate of y %, what will be the balance on your account after these
x years?

Return that amount.
Hint:

This exercise is similar to the exercises Somme & Compléter of Week 2 and Factorial of Week 3.

Figure 6.15: Caption of the Q* Calcul d’intéréts exercise with hints based on other
exercises
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Chapter 7

Validation

Due to a timing issue, a validation with students will not be possible. Indeed, the
CS1 course is given during the first semester, from September to January, while
this thesis will be handed in in June. However, for a future potential validation,
we will describe how a student validation could be done. In addition, we did a
validation with tutors which we will describe here as well.

7.1 Potential validation with Students

For the student validation we want to investigate if the integration of our patterns
promotes the transfer of knowledge from one exercise to another. We will measure
this by taking as metric the time necessary to solve an exercise after succeeding a
similar one before.

In order to achieve this, we will take two specific sets of two exercises. The first
two exercises are "Q* Somme" and "Q* Factorial" which we already presented
previously. Their description is available on Figures 7.1 and 7.2. Both are based
on the "Accumulator" plan and are very similar. The second set are the two
exercises from Week 2 and 4: "Is Prime" and "Ajoute'. The first exercise will be an
adaptation from the current exercise of Week 2, where the student has to return
whether a number is prime or not. In the second exercise, the student is asked to
add a number to a list, only if the list does not yet contain this number.

For the validation, students will be divided into three groups. First is the control
group, who will have no hints or scaffolding for any of the exercises. The second
group will only have hints based on the plans for the first exercise of each set.
The third group will only have scaffolding for the first exercise of each set. By
measuring the time it takes for students to succeed the second exercise of each

44



Session 1: Q* Somme [Edited]

In programming, one of the first exercise asked for practice is to calculate the sum of the n first positive integers. It is to illustrate the
capacity to repeat a process easily and with a few lines of computers.

To do so, use a for loop with a range.

Note: The code fragment we give you is the basis structure of the Accumulator pattern, described in the theory syllabus
(https://drive.google.com/drive/folders/1wk95Y2DQRDorlsxd8h2PoMGIGHWnbNOY?usp=sharing).

Implémentation

x = ... #le nombre

result = ... #enregistre dans la variable la somme des c premiers entiers positifs
result = _
for in

result = result _

Figure 7.1: Caption of the Q* Somme exercise with scaffolding

Session 1: Q* Factorial [Edited]

In mathematics, the factorial of a strictly positive integer x, denoted as ! is the product of all strictly positive integers less than or
equal to x. The factorial of 0 is defined as 1. Calculate the factorial of an integer x and store the computed value in the variable result.

Examples:

e 5l =5x4x3x2x1=120
e 0l =1

Hint: If you encounter some problems knowing how to proceed, the "Accumulator" pattern can help you get started. Notice the
similarity with the exercise Q* Somme. (Link to the theoric syllabus extract:

Figure 7.2: Caption of the Q* Factorial exercise with a hint directly based on the
plans and a hint based on another exercise

set we can compare each group and have an indicator of their effectiveness for
knowledge translation.

Ideally, for this to be representative, all students should participate and not only
volunteers. Indeed, there could be a bias since people with more confidence in their
programming abilities are more likely to volunteer for programming experiences,
and our help targets students experiencing difficulties with programming. However,
from a legal point of view it is probably not possible to perform such validation
without permission, as all students should be on an equal footing and have equal
opportunities to succeed the course.

Another way of assessing the effectiveness of the different formats of help is to ask

45



students what they think has helped them most in solving the exercises throughout
the year. In this scenario, different types of hints or scaffolding would have been
given throughout the year in all kinds of exercises and at the end of it, students
would get the possibility to give their opinion on what helped them the most. This
would allow to also have feedback about hints related to previous exercises, which
is a type of hint we could not include in the first scenario. There would also be
no problems from a legal point of view. The downside of this however, is that
there may be a bias. We evaluate the types of help on the students’ perception of
efficiency but not on their actual efficiency to transfer knowledge.

7.2 Validation with Tutors and Assistants

7.2.1 Method

For the second validation, the theory behind the plans was presented to the tutors,
followed by a presentation of the diagrams and their practical implementation using
two scenarios. The tutors were then asked to fill in a survey.

We first introduced the concept of patterns and their corresponding diagrams
to tutors the same way they would be presented to students. Since they don’t
have access to the theory syllabus we modified, we compiled the added parts of it
into a document that the tutors could access. In order not to make the task too
time-consuming, we have added only the explanations of the plans necessary for
the resolution of the survey, namely the Accumulator, Verification and Filter plans,
leaving aside the explanations relating to the other plans.

After reading the theory behind the models and diagrams, the tutors followed two
scenarios, each consisting of two exercises that they had to solve. In the first set
of exercises they were asked to solve two optional exercises of the first week: the
exercise Q* Somme and the exercise Q* Factorial. The scaffolding of the plan
'Accumulator" was given for the first exercise, and for Q* Factorial two hints were
given: a hint regarding the pattern of this exercise and one regarding the link with
Q* Somme (both exercises are implementing the "Accumulator’ plan). Immediately
after they solve this first set, we ask them the following question: "As a tutor, to
what extent do you think that solving the first exercise helps students to solve the
second?", leaving them the possibility to choose an answer between "not at all",

non

"rather not", "neutral", "quite a lot" and "a lot".

In the second scenario, they were asked to solve the exercises "Ajoute’, with a hint
regarding the plan the exercise uses (namely Verification), and "Prime Numbers'.
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For the second exercise, a breakdown into two sub-problems was suggested, with
for each sub-problem a hint on which plan one can use to solve it: Verification
and Filter. Similarly, tutors were asked to what extent solving the first exercise
can help the student solve the sub-problem "is prime", of the second exercise, as
Verification was the plan behind both those (sub-)problems. Finally, tutors were
also asked which of the three types of help (scaffolding, hints on the plan and hints
on the link with a previous exercise) seemed the most relevant to them.

These scenarios were presented for various reasons. Firstly they were a good
opportunity to show how the diagrams could be used practically. In these four
exercises, the three ways of implementing those diagrams to help students have
been also demonstrated. The chosen exercises of a same set had the same pattern
and could thus illustrate the similarities in exercises.

After presenting both scenarios, we asked the tutors to answer various questions,
each time on a scale from one to five with one being "not at all" and five being "a lot".
Two means "rather not", three means "neutral" and four means "quite a lot". These
questions concern the clarity and usefulness of the diagrams and pseudo-codes,
their ease of integration into a tutored session or the ease of understanding the
concepts underlying these diagrams and the links between them. We also asked
them whether the two main objectives of these diagrams were being met, namely
to create links between exercises and to help the students know how to get started.
Finally, they were also given the opportunity to make comments about things that
could be improved, or simply more general remarks.

7.2.2 Results

We received a total of seven responses to our survey. For a lot of the questions,
tutors had to evaluate a specific criterion on a scale from one to five. The responses
of these questions (which form the large majority of the questions regarding the
whole survey) are displayed in a table in Figure 7.3. For each question, the number
of people who voted for the corresponding number is displayed, along with the
total average in the last column.

For the remaining three questions, we will detail the results here. To the question
"During the exercises, different formats of help are offered. Which one(s) do you
think are relevant?”, five tutors answered that scaffolding would be relevant, four
answered that a reference to a certain pattern would be relevant and everyone
found that a reference to another exercise would be relevant. The two last ques-
tions are more general questions: "Do you have any comments or suggestions for
improvements or changes?" and "Any other comments or remarks?'. As answer to
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these questions, many tutors bring perspectives on the course, more than on the
diagrams in themselves. For example, one tutor points out that students do not
read the syllabus very much, mainly because it is in English. Another tutor also
commented that the exercise statements were not always very clear and that they
needed to be structured more. However, a relevant point that emerged from these
questions about diagrams is that "the abstraction between pseudo-code or diagrams
and real Python code is difficult for the students. [...] They understand the logic
behind diagrams (they understand the algorithmic basis) but they get very stuck
on syntax and the fact that they don’t have a pre-made code structure. There’s a
sort of blank page syndrome; starting from scratch is difficult for them'. Finally,
another tutor also mentions that it’s not very pleasant to have the text coming out
of the diamonds in the flowcharts. This has been corrected in the meantime.

7.2.3 Analysis/discussion

The discrepancy in results between the first two questions is not surprising. Indeed,
the first set of exercises contain two of the most similar INGInious exercises. They
both use the simplest plan "Accumulator" as it is. The exercises of the second set
however, were not so overtly similar. Students need to take a step further after
completing the first exercise in order to succeed the second. So the lower score of
3.14 for the second as opposed to 4.14 for the first is not unexpected. However,
the rather low score of 3.14 is not very promising, as one of the objectives of the
diagrams was precisely to establish links between exercises that were not similar at
first sight.

Similarly, for the third question, the comparatively low score is understandable,
since the link between the patterns are not very explicit for the exercises of the sec-
ond set. The structure is the same but the thinking behind it is very different. The
verification pattern in the case of ’Ajoute’ for example, is applicable as the students
first have to verify whether the list already contains the value or not, which is an
clear implementation of the Verification pattern with some tweaks. However, for
the is_ prime() sub-problem, where students have to define a function that returns
whether a number is prime or not, it can seem less obvious. The suggested way of
implementing this is by verifying whether the number is divisible by one of the num-
bers smaller than him. If it does, is prime has to return False. Otherwise it is True.

Questions 4 & 5 deal with how well our two objectives were achieved. Our second
objective, which was to create a starting point for students to code, seems to
have been met according to the tutors. This is a encouraging result, as it enables
students to focus more on the process, by giving them steps to start with. Opinions
on the first objective, however, seem to be more divided. This can be also explained
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1]2]3]als

Average [1;5]

As a tutor, to what extent do you think that solving the first
exercise helps students to solve the second?

0

0

1

4

2

4.14

As a tutor, to what extent do you think that solving the first
exercise helps students to solve the is_prime(number) sub-
problem in the second?

3.14

As a tutor, to what extent do you think that the flowcharts
and plans help students to solve the exercise, such as the
"Verification" plan in Ajoute or "Filter" in the second sub-

problem of Prime Numbers?

3.71

One of the aims of diagrams/plans (such as "Accumulator”
or "Verification") is to create links between exercises. To
what extent do you think this objective has been met?

3.71

One of the aims of diagrams/plans (such as "Accumulator"
or "Verification") is to help students know how to get
started. To what extent do you think this objective has been
met?

4.57

On a scale of 1 to 5, how would you rate the usefulness of
the flowcharts?

4.14

On a scale of 1 to 5, how would you rate the clarity of the
flowcharts?

4.14

On a scale of 1 to 5, how would you rate the usefulness of
the pseudo-codes?

4.14

On a scale of 1 to 5, how would you rate the clarity of the
pseudo-codes?

4.14

10

On a scale of 1 to 5, how would you rate the ease with which
diagrams (flowcharts and pseudo-codes) can be integrated
into sessions, for example?

3.43

11

On a scale of 1 to 5, how would you rate how easy it is to
understand the concepts behind the diagrams?

3.14

12

On a scale of 1 to 5, how would you rate the ease of
understanding the links between the plans?

Figure 7.3: Result of the Tutors’ Validation for a part of the questions

by the difference in both sets, as it is easier to establish a link between the exercises
of scenario 1 than it is in scenario 2. Another way this can be explained is that
there are not a lot of examples on how to practically implement those plans in real
programming problems. There are several pseudo-codes for each plan, but this can
still be too abstract for beginners.

The scores regarding the clarity and utility of both the flowcharts and the pseudo-
codes are quite homogeneous, with a score of 4,14. This is encouraging, but it also
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shows that there is room for improvement. Possible ways of improving could be
to add more concrete examples, with more explicit links between flowcharts and
pseudo-codes on one side, and between pseudo-codes and solutions to real concrete
problems on the other.

The three last questions deal with how easy those diagrams can be integrated and
understood, on their own or together. This appears to be more difficult, as the
scores are all below 4. One thing that should be noted, is that in the syllabus
excerpt we did not include the paragraph explaining how the plans are similar to
each other. This score is thus only based on how the diagrams were designed to
have this uniformity intrinsically. However, these scores clearly indicate the need
to make the concepts and links between plans and diagrams more explicit.

Finally, as shown by the answers to the question on different help formats, it
appears that only four tutors would find a reference to a certain pattern relevant
and would rather praise the approach of referring directly to other exercises. As
we will discuss in the conclusion, this is unfortunately more difficult to implement
as there are not a lot of exercises which share a clear link like it was the case in
the first scenario. There are however more cases like the second scenario, but as it
also showed in the tutors’ validation, the link is less obvious and could confuse the
students.

One peculiarity that emerges from the validation is the following: the tutors agree
that the diagrams are not very effective in showing links between exercises, but
when asked what types of hint they think are most relevant, 100% of the answers
include a hint based on a previous exercise. The logical conclusion we can draw
from this is that it may be better to hide these diagrams from the students and
only use them as tools to identify similarities between exercises, enabling hints to
be developed for certain exercises. The downside of this is that there are not a lot
of set of exercises for which this could be implemented. Many exercises share the
same patterns, but without the knowledge of those patterns it is difficult to see
why they are similar and this risks confusing the students even more.

Another major disadvantage of patterns is that they are very limited. The further
the students progress in programming, the less the patterns are applicable as they
are. They are often part of a larger structure. The use of patterns as starting
point of the coding process becomes more difficult, as they need to be adapted
and combined. Their use to establish links also becomes less straightforward, as
exercises may use the same patterns but applied in fundamentally different ways.
Establishing links between those kinds of exercises thus becomes harder and may
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not be very effective.

In general, the opinions are quite positive: the scores are generally around 4.
Overall, the tutors fairly agree that these diagrams can be useful, especially to
help students get started. This is also confirmed by the comment one tutor made
about how students can have difficulties starting from scratch. However, the links
between the exercises and the plans were not always clear, as can be seen from the
answers to questions 3, 4 and 12. Overall, the diagrams are useful and clear, but
there is still room for improvement. On the other hand, the integration with the
course and the link with the course concepts are not yet clear enough and need to
be improved.

7.2.4 Threats to validity

Since we did not get a lot of responses from the tutors we had to ask the assistants
to answer the survey too in order to get a more meaningful feedback. In total,
three assistants and four tutors have responded. Tutors are generally closer to
the students as they lead the tutored sessions, whereas assistants act as a link
between students and the teachers and generally do not participate in these tutored
sessions. However, they answer a lot of students’ questions and sometimes replace
tutors during these sessions. They thus still have a good idea where the students’
difficulties lie.

However, even with the assistants’ help, we only received seven responses. As
there are around thirty tutors and assistants in total, this represents only around
a quarter of all tutors and assistants. Moreover, the responses are usually not
very homogeneous, as there are often three to four different responses for a same
question. The conclusions reached should therefore be taken with a grain of salt.

Another factor that may explain the heterogeneity of responses is the fact that the
examples of the two scenarios are quite different and do not represent the plans
as clearly as one another. Retrospectively, it would have been preferable to split
certain questions to obtain an answer for each series.
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Chapter 8

Final Discussion

8.1 Future Work

While searching for solutions to diversify the type of feedback, different options
came to mind. These paths were not chosen for various reasons that we will detail
in this section, however they could be worth to develop. As the reflection was
turned towards the exercises, a lot of these ideas relate directly to them. The
feedback ideas are structured according to the timing: before, during of after the
student has done the exercise.

8.1.1 Before the exercise

When analyzing the feedback, we also analyzed the exercises themselves and exam-
ined the errors made by the students. The root of a lot of the mistakes were a bad
comprehension of the task requirements. Sometimes, when submitting their code,
an adequate feedback is given, as for example "The function: {}, does not call the
function rho" (Q* Equations du second degré, Week 3). But more often than not,
students don’t understand what the problem is. It is due to two types of problems.
They either don’t understand correctly the problem and the goal of the task, or
they don’t understand the format they are supposed to write it in. Sometimes they
have to put a certain value in a variable, other times they have to create a function
for example.

For the first problem, a possible solution could be to make the exercise statements
clearer. A way to do that would be to add examples of use cases of their solution.
In their article Ott et al. [6], particularly stress the importance of a clear task
statement. This would admittedly not increase the diversity in feedback types
as it would be classified as Hints on Task Requirement by Keuning et al. [7]

52



(mapped as feedback on Task Level for Ott et al. [6]), but would add diversity in
the format of feedback. Indeed, there is not a lot of help embedded in the exercise
statement (i.e. not sensitive to the student’s mistakes). However, since the prime ob-
jective of this thesis was to diversify the feedback types we did not develop this more.

For the second problem, the answer is in the task statement. Often they are capable
of finding their mistake quickly and autonomously after reading the task again.

8.1.2 During the exercise

Another possible improvement that was thought of were identifying and correcting
common misconceptions. We did not pursue this solution for several reasons. First,
it was difficult to find a lot of information about different misconceptions. A useful
site however, was Progmiscon.org [11], where several misconceptions are listed
for programming languages such as Python or Java. The second problem was
that we did not find examples of students having any of these misconceptions and
making related mistakes in INGInious exercises. Finally, a great obstacle was that
identifying the symptoms of those misconceptions in student’s code would prove
itself to be quite difficult. If we wanted to address the misconceptions, it would
have to be explained only in the theory syllabus and would not really add a lot of
feedback on exercises.

In order to add more feedback of type How to Proceed, we thought about providing
the student a few steps and asking him to put those steps in the correct order. We
did not explore this further as this was a typical example of a Parson’s problem,
which another student was already developing in his master thesis.

A feedback of the feedback type Hint on Task Requirement that is often given, and
the most frequent of its category, is "You did not name the method as expected.".
This very general feedback is often caused by one of these two mistakes: either the
student did a typo error, or they don’t understand how a method or function is
supposed to be structured. In the first case, the students often spots his mistake
and corrects it. In the second case however, this feedback often does not help
the students, as they don’t know what they did wrong. This could be the ideal
opportunity to provide some feedback of type Knowledge about Concepts, and
explain the syntax of methods or functions. We did not develop this as we put the
emphasis on Knowledge about How to proceed.
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8.1.3 After the exercise

A level of feedback we did not mention a lot but that is very important is the
self-regulatory level. This is harder to implement as exercise feedback. However,
we thought about two ways self-reflection could be encouraged.

The first idea we had, was to show the student an ideal way of coding the solution
to the specific problem once it has succeeded on his own. This way he can have a
critic look on the style and the process behind another solution and his solution.
Sometimes it would be better to just present a general way on how to proceed
instead of real coding so that the students focuses more on the ideas behind the
coding. Other times, actual code could be a better idea when we want to stress a
good practice of coding style.

Another idea was to tease what the students would learn next and to put it in
perspective with what they just saw. The goal is for them to take a step back
and view their learning as a process with a bigger picture. This would also help
them respond to the question "where to next" on the task level for the classification
described in Ott et al. [6].

8.1.4 Other Exercises

The last idea we had was to create an exercise that would focus specifically on
what the interpreter feedback meant. In the beginning students really struggle to
understand how to interpret the errors generated by the interpreter. Helping them
correctly identifying their errors would help them be more autonomous. Although
it is strictly speaking not a feedback on the self-regulatory level, it does help them
give themselves feedback and not rely on INGInious.

8.2 Conclusion

In the process of developing new feedback to diversify the types of feedback on
the INGInious platform, various recurring patterns in exercise solutions have been
identified. The aim was to be able to give the students a skeleton of how to
approach the exercises and for them to be able to reuse one exercise-solving process
onto another. To give concrete form to this feedback, six plans have been designed,
each illustrated by a flowchart. Pseudo-codes have been developed for each data
structure and each plan to make this approach more practical and show the cor-
respondence with the actual code. Additionally, variants of these pseudo-codes
replacing the for loop with a while loop have been presented. In this thesis, the
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insertion of these diagrams in the theory syllabus has been presented, along with
the color code used. Three types of support for the INGInious exercises have been
developed: scaffolding, hints based on plans and hints based on a previous exercise.
Their inclusion on the INGInious platform has been discussed.

The validation showed that although these diagrams could be useful, especially as
a starting point for coding, there was still room for improvement in terms of their
clarity and the links between them. It would also be good to specify and deepen
the insertion in the course, whether in the theoretical syllabus or in the practical
sessions, in order to support the concepts behind them.

Overall, the plans we developed appear to be useful and to have achieved our
objectives of providing more feedback on a Process level. The help we provide
students are enabling them to take a step back and to observe the similarities in
process for solving exercises as well. The feedback provided also enables them to
start the coding process of solving an exercise when feeling lost. The clarity of those
diagrams and the way they are inserted into the course could be improved and the
downside of the patterns is their limited use, both in regards to the exercises as to
the overall programming journey of students. However, to a lesser extent, it could
motivate students not to give up when they don’t know how to start as well as
deepen their understanding of coding early on in their discovery of this new skill.
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