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Abstract

Students when begin learning to program struggle to perform better in introductory courses, even
with high motivation to learn the programming skills. This encourages research over the factors
that could be the reason for the failures.

Influenced with the study of Alireza Ahadi & Raymond Lister and Donna Teague [7] who devised
a test on novice programmers in two universities. Their work included formal instruction in
programming which was provided to the students at the starting of the semester. The tests given
required the knowledge of only assignment statements in programming, this presented them with
the results of two cohorts that had wide variation in the performance. Influenced by the work of
Dehnadi and Bornat [4], who design the tests to capture the reasoning strategies, that how the
students build different types of models to attempt to solve a programming query. Some could
build and some could not, and some are even unable to build a model. But their work presented
the findings that the student’s model used to understand the working of program execution does
not require to be correct model, instead if it has been applied consistently it will still provide better
results. Alireza Ahadi & Raymond Lister and Donna Teague [7] research focused on evaluating
and interpreting the results based on Neo Piagetian theory which helped in overcoming the
disadvantage of earlier work of Dehnadi and Bornat [4] because their focus was more on how
novices try to learn to program and, they have made familiar themselves after learning the correct
model, which would help the early identification of students who could be in danger of failing the
test.

Here we describe the replication of their study to validate the original results. We have performed
a study including 293 students at the Technical University of Chemnitz who were learning
different programming languages. After providing formal instruction through online studies, we
designed a test for students during the starting week and one in the last week of their semester
which contained questions of assignment statements. The test is to notice the difference in the
performance of students and whether the students have learned the correct model in introductory
programming courses to follow. Firstly, we have characterized the results on the basis neo-
Piagetian theory to have a glance at how well the students have perceived the correct model, which
could indicate their success prediction for the second test. Secondly, we have also observed the
participation of students in the pandemic and how the different factors would have affected their
performance in the Tests. We took their opinions by the end of the semester and added more
findings to our conclusions.
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1. Introduction and Overview

1.1 Motivation

The question of what arises in our mind is about the difficulties we face in learning how to program
and subsequently gets even tougher to learn to program when proceeded with the topics from
introductory courses to the detailed ones and fails to learn the required skills, which could be due
to the reason that students might not be taught well at school, so sometimes undergraduates arrive
without being familiar with the programming courses some can do well and some cannot.

Despite substantial improvements in the teaching methods and course structures, it is still hard to
predict the success rate for students who begin to learn to program.

A study conducted by Dehnadi and Bornat [4] noticed that most of the students fail in the starting
introductory courses tests and the failure rate expands all over the world. Through their research
they discovered the key factors of failure rate and constructed tests that could help students to
achieve success in programming courses regardless of following any kind of model which students
have adapted, the only thing matters are that they would be consistent in following the same model.
However, they failed to notice the inconsistencies in the mental models where most of the students
who followed the wrong model in the starting courses also did well in the end. A different and new
mental model also helped the students in the learning process and displayed some promising
results.

As the key focus should always stay on learning the correct model and ways to make students
adapt it. The disadvantages in the study of Dehandi and Bornat [4] which could not be explained
required the inclusion of points such as cognitive skills and which model does the student should
process with and how to find he is following the correct model. The test which they devised
focused on observing which type of model does the students follow, as that could provide the
variety of models which is required to be taken into consideration but was insufficient to explain
the inconsistencies in the model. A study conducted by Alireza Ahadi & Raymond Lister and
Donna Teague [7] introduced the Neo-Piagetian theory which could explain the inconsistencies
they observed in Dehnadi and Bornat's research. They primarily focused on whether the students
have known the correct model which they require for the introductory programming course. To do
so, they observed the advancement of students in the neo-Piagetian stages, which provided better
insights in understanding the cognitive development amongst students.

Their study presented a new way of observation, wherein our research our primary focus in
observing student performance according to Neo-Piagetian theory, instead of following the wrong
model it is important to know the correct model of executing a program and having cognitive
development in the same direction.



1.2 Objective

Our main motivation aims at moving on the same path as the study conducted by Alireza Ahadi &
Raymond Lister and Donna Teague [7] where we take an online test before and after an
acquaintance of introductory courses by the students and focus on staying with neo-Piagetian
theory to shed light on the outcomes. In addition, we also devised the test which included a
questionnaire about the pandemic, where students could provide their opinions about the
difficulties they faced and how their studies were affected and in turn affected their performance.

Research Objective 1: We need to keep track of student performance in the test before and after
the semester and observe their transitions in the neo-Piagetian stages, which is required to support
our prediction that how acquainting with an understanding of the correct model of program
execution and developing the cognitive skills is essential to become a good programmer.

Research Objective 2: The transition in the neo-Piagetian stages of student performance will help
us to analyze and come to the conclusion of whether our prediction is correct or not.



2. Related work

Earlier work in this field of research has contributed towards the completion of our work, as
researchers rely on the past work and contributions of the theories. We will be explaining the
details here about the original work because we believe the previous work modules make
themselves as important to describe the outlines and our present work.

Different theories lined up to support the evidence of their research for their respective reasons,
which laid down the path and laid some groundwork for everyone to pursue in the direction of
finding out the reason for the study. Since the teaching methods are similar earlier research was
not enough to support the psychological reasoning, but we cannot exclude them. The work of
previous researchers classified the student’s misconceptions and mistakes. Adelson and Soloway
[1] emphasized the importance of domain knowledge which is crucial to solving problems. J Bonar
and E Soloway [2] put evidence to support that prior knowledge of programming in one language
makes it difficult for students to program in another. Adamzadeh and others [9] focused on
debugging and claimed that if students who are good debuggers are good programmers. Later
Johnson-Laird [3] came up with the idea of studying mental models and understanding student’s
efficiency in deductive reasoning. Dehnadi and Richard Bornat [4] who familiarized themselves
with the psychological reasoning provided from previous work, tried a different approach claiming
that programming has no relation with age, sex, or educational attainment, nor it show any relations
with conventional intelligence and program solving ability tests. They tried to find successful
results before the students had any contact with the programming language. Saeced Dehandi,
Richard Bornat and Simon [5] who later worked on mental models and tried to find out the
regularity in the ways of how these models are used by students and if they stick with the same
model would have a better success rate. Raymond Lister [6] came up with the explanation of why
students cannot become good programmers by associating his reasons with the neo-Piagetian
theory which focused more on abstract forms of reasoning. Alireza Ahadi & Raymond Lister
(2013) later came up with another paper to support that prior knowledge produces only a small
difference, but the difference is amplified with learning edge momentum. Alireza Ahadi &
Raymond Lister and Donna Teague [7] supported their theory based on neo-Piagetian and claimed
that developing cognitive skills is an important aspect to become a good programmer.



3. Theory behind

Learning to program is difficult, and many students fail to perform better and face different types
of problems while analyzing the programs which drew the attention of researchers and encouraged
them to present their perspective after analyzing the situation and find out the reason behind the
increase in the failure rates.

The problem with learning programs does not stick with a particular region but it is defined as a
widespread problem. There were no reasons or remedies developed to overcome this, but many
researchers worked in this field and gave their respective theories. Theories are related to analyzing
the mistakes, bugs, and misconceptions usually students have when they start learning to program.
Students, in the beginning, are energetic with learning new courses but eventually struggle in the
end in understanding the concepts and still pursue them which could be due to family pressure or
maybe cannot accept failure. Those who have the innate talent do experience this problem but
instead could get frustrated with the slow speed in teaching. It is not the problem with the teaching
method or with a highly experienced teacher who imparts their knowledge to the students, but they
still fail to recognize which method we should opt for so, students could get better results when
they start the introductory courses. So many experiments have been performed in this direction,
expecting better results but the problem persists and every year when the students enroll for the
same course, and teachers struggle with the same problem.

The first method which is taken into consideration is to interview the students and ask about their
suggestions and opinions regarding the teaching methods. Another aspect which could be
discussed is about the teaching material, is it helping the novices, in the beginning, to learn to
program. According to previous findings, some have achieved some success in this direction, and
some have not. They also tried to interview the students’ parents where they asked about having a
computer at home, but generally, the common response was that they just use the computer to play
games on it.

3.1 Different areas of study

3.1.1 Domain Experience

In the beginning, there was not so much related work before Dehnadi and Bornat when they
presented their paper. Everyone came with different to support their theories. Adelson and
Soloway [1] emphasized the role of domain experience when they could design an experiment.
They presented that when a software designer working on designing software in the familiar
domain, he already possesses the knowledge and skills required to design the software, unlike the
person who is unfamiliar with the domain, who have no prior knowledge to work at this place.
They observed and presented their findings by taking into consideration, observation of expert
designers and compared novice and expert’s behavior towards designing a software.

For their analysis, they proposed an experiment where they could record the process that how the
experienced designer who was familiar with the domain attempted the query as compared to the
beginner who was unfamiliar with the domain. They videotaped all the processes to observe the
words, actions, gestures, and facial expressions too because they were asked to think aloud. The



experimenter stayed along with the designer who recorded the answer for the question “What are
you thinking now?” these were some of the queries which helped them identify the required
process which is important in the design process, and it was possible only by observing the
experienced programmers and what is their approach.

The experiment design included the participation of both expert and novice designers. The expert
had at least 8 years of experience whereas the novice had less than 2 years of experience and both
were qualified in designing the communication systems. Their experiment presented the formation
of mental models, their expansion, a simulation that is required to increase the speed of the design
in progress. Note making, representing constraints, simulation, systematic expansion, retrieving
labels are the research tools that a designer uses the aid in design software. Their conclusion that
the experience with all the elements in designing requires a tool to retrieve their previous design
and assemble the elements in the last phase of design, whereas the designer with no experience in
the domain and is unfamiliar with it will require tools for help to infer the constrains of the design.

3.1.2 Tracing SKkills

Lister and others [8] in their paper who performed an experiment over a large amount of population
in seven universities in the United States and other countries presented their theory. The authors
presented a test to all the students which consisted of programming problems. In their results
revealed that the majority of students failed to attempt the problem correctly. Their poor
performance is the result of a lack of ability to solve the problems.

To present the explanation to their findings they categorized the problem-solving method into 5
categories: 1. Abstract the problem from its description 2. Generate sub-problems. 3. Transform
sub-problems into sub solutions. 4. Recompose and 5. Evaluate and iterate. These were the five
steps methodology that should be adopted by the novices when they attempt to solve any
programming query.

They concluded when they found out the poor performance of the students who fail at the
introductory courses. Students who could not follow these steps in problem-solving did fail, also
many students lack knowledge and skills which was the required approach to solve the problem
and many even failed to even understand even the small piece of code. The students who may have
performed well in the test but if asked to write the code with similar complexity and if fails are
also likely suffering from the problem-solving skills.

3.1.3 Debugging

Marzieh Ahmadzadeh, Dave Elliman, and Colin Higgins research [9] focused on gaining insights
into the mistakes especially the debugging methods which students used. The compile errors which
were generated from the programs which the students wrote were observed when their programs
were debugged, even the ones who had a good understanding of programming do not have proper
skills to debug effectively. The focus should be emphasized more upon learning skills to how to
debug a program and on teachings the skills to do that.

The programming language was taught to students, and the course consisted of fundamental
language constructs, loops, methods, and strings. The programming exercises were provided to
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students the data which was collected and fed to the compiler and all the error message database
was collected. There were two separate tables created. One contained compiling error messages
and if the program was free from all the other errors, the second table contained that.

It has been found through their study that good debuggers are good programmers. It was considered
one of the most important skills which need to be taught in the courses, further a programmer must
improve the ability to read other person code and should know how to debug it because it would
enhance his competence as a skilled programmer.

3.1.4 Spatial Visualization

Programming is no doubt is difficult, but the problem should not be analyzed from only one
dimension and other factors must be considered. Simon, S. Fincher, A. Robins, B. Baker, 1. Box,
Q. Cutts, M. de Raadt, P. Haden, J. Hamer,M. Hamilton, R. Lister, M. Petre, K. Sutton, D.
Tolhurst, and J. Tutty. [8] included the study in the other dimension where cognitive, attitudinal,
and behavioral factors were taken into consideration such as Spatial visualization and reasoning.
The ability to understand the programming query, design the task, and attitudes towards studying.
The tests conducted suggested that the deep approach in this direction is related to success which
means that every query must be done qualitatively.

The cognitive approach included a standard paper folding test, map sketching, searching a phone
book, and a study questionnaire. In the means of assessing, the aptitude problems were provided
to the group of students where the time was a key factor, in the given time how many questions
does the students attempts correctly. The second test included a test to draw a map between two
destinations and observations included which pathways do the students chose to accomplish this.
The third test required participants to search a phone book where they need to find the required
name and, in the end, explain the process which they used to find out that name. The fourth test
included a questionnaire which is about to know the approach of students depending upon the
factors (motivation, available time, personal perception).

They concluded that the deep approach is directly linked with the marks they scored. Students who
engaged in solving programmed deeply with the material are more likely to succeed because they
were successful and can design and sketch a map to solve the problem.

3.1.5 Test for Aptitude

Computer scientists have searched and performed many tests to determine the difficulties which
the students face while learning to program. Before Dehandi and Bornat [4] nobody devised tests
that could predict the success rate of students before attempting for exams. They focused on three
major hurdles in learning programming which are assignment and sequence, iteration, and
concurrency.

They intended to observe the mental models when students implement the approach to solve the
programming queries, where students showed a wide variety of models and students were found
facing confusion during exam time.

The results which they found revealed the mistakes which students face during the beginning of
the course and if they try to work on these three hurdles, they could get success in introductory
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courses. Even after observing the mental models which speculated the reasons for success in their
research, could not explain how it works.

Even with the limitations, it provided a new ground to work upon, they proposed another research
[(Mental Model, consistency, and programming attitude)] which was the extension of the previous
one. Prediction of the success rate depends upon how the students encounter the problem and the
ways they approach it.

They proposed the same tests as in the previous research which focused on recursion and
assignment problems. They observed the variety of models and sequences which students followed
while answering the questions. Questions were the sample of the java program which consisted of
two or three variable-to-variable assignments. Since the students were taught in the beginning with
the introductory courses the mental models were designed accordingly (Figure 3.1).
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1. Read the following statements and
tick the box next to the correct answer
in the next column.

int a = 10;
int b = 20;
a = b;

The new values of a and b are:

B0 a =10 b = 10
B0 a= 30 b = 20
B0 a=o0 b = 10
B0 a=20 b = 20
0 a=o0 b = 30
00 a=10 b = 20
B a=20 b = 10
B a=20 b= 0
00 a=10 b = 30
00 a= 30 b= 0

Any other values for a and b:

b=
b=
b=

©
I

Use this column for your
rough notes please

MI1. Value moves from right to left (a<—b and b«0 — eighth line in figure 1).

M2. Value copied from right to left (a<—b — fourth line of figure 1, and the ‘correct’ answer in Java).
M3. Value moves from left to right (b<—a and a<0 — third line of figure 1).

M4. Value copied from left to right (b«<a — first line of figure 1, a reversed version of the ‘correct’

answer).

MS5. Right-hand value added to left (a<—a+b — second line of figure 1).

M6. Right-hand value extracted and added to left (a<—a+b and b0 — tenth line of figure 1).

MT7. Left-hand value added to right (b<—a+b — ninth line of figure 1).

MS8. Left-hand value extracted and added to right (b«a+b and a0 — fifth line of figure 1).

M9. Nothing happens (sixth line of figure 1).

M10. A test of equality (first and fourth lines of figure 1).

M11. Variables swap values (seventh line in figure 1).

S1. [sequence] The first assignment has its effect with initial values, then the second with the values

produced by the first. (One effect is reported; the corresponding box is ticked.)

S2. [simultaneous, multiple] Each assignment takes effect using the initial values of variables. (All
effects are reported; the boxes corresponding to each effect are ticked.)

S3. [simultaneous, single] Each assignment takes effect using the initial values of variables, but only the
effects on the destination side are reported. (One overall effect is reported; the corresponding hox

is ticked.)

Figure 3.1: Anticipated mental models.
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After observing the results generated from their tests, they observed that students were consistent
in following any of the particular models mentioned in Figure 3.1 in executing a program. Their
work introduced the phenomenon of consistency, which required further study in this direction,
that is why students tend to follow only a particular model. The tests categorized two populations
into subgroups one of the subgroups was successfully able to build a mental model and used it to
apply consistently, these students showed promising results and predicted that their performance
will be much better than the other subgroup. Many students had programming experience from
before the beginning of the programming courses, but it did not show any stronger effect on results,
as the important factor which needs to be studied is consistency.

3.1.6 Interactions

For many researchers, the key area of research focuses on the model which is adapted by the
students and what approach they use to solve programming problems. Syntactic/semantic
interactions in programmer behavior: A model and experimental results [10] presented that a
cognitive framework could describe the behaviors of programmers in program composition,
comprehension, debugging, and modification. Their study included both programmers and non-
programmers to study the behavior that how they approach a question.

They described the cognitive model into two categories:
Cognitive Structures: These programmers possess in their memory or may possess in the future.
Cognitive Processes: Involves adding the knowledge and skills.

To understand the cognitive behavior of a programmer every programming approach must be
analyzed from writing a program, searching for errors, understanding, modifying, and at last
applying new programming skills and knowledge to provide a solution to the problem.

Input from

perception
[
Short-term ’T Working
mesory | memory

Long-term memory
(Semantic and
Syntactic Knowledge)

N

Figure 3.2: Problem-solving components.
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Information is shared in a certain behavior which involves short-term memory, working memory,
and long-term memory. Short-term memory with a very limited capacity, Working memory with
more permanent than short-term memory but less permanent than long-term memory, and Long
term memory with unlimited capacity (programmer’s permanent knowledge).

The framework represented in Figure 3.2 has been evolved through the information processing
approach through the psychology of learning, memory, and problem-solving. These components
are important for discussion because it is important to analyze to what information does the
programmers pay attention to for example reading descriptions of the problem. After getting
acquainted with a new problem the first interaction occurs between short term memory and long-
term memory, where new information is generated from in short term and the concepts embedded
in the long term and merged with the working memory which is used to generate the result which
is later stored in long term memory.

A cognitive model of a programmer’s behavior separates the syntactic knowledge from the
semantic knowledge. Semantic knowledge consists of programming concepts that are not related
to a specific programming language, but they are important sets of information which is developed
through programming experience. On the other hand, syntactic knowledge is detailed and much
more precise. It involves details for example that how the iteration happens in a loop, conditional
or assignment statements occur. Both semantic and syntactic are part of long-term memory where
semantic knowledge is updated through meaningful learnings and problem-solving where every
time new concepts are added to it whereas syntactic is not integrated whenever new information
is added it interferes with the previous one.

Problem-solving and programming are two different aspects, and they should be looked upon from
a cognitive process point of view. This would help to improve the syntactic structure of
programming which is closely related to semantic structure and therefore making it convenient for
the programming learning process.

3.1.7 Neo-Piagetian Theory

Neo-Piagetian theory of cognitive development appeared to support the areas which were
presented by Jean Piaget’s seminal theory of intellectual development addressed the criticisms
against the theory (1) the unit of cognitive analysis is the scheme or psychological structure; (2)
psychological structures undergo qualitative transformation over time; and (3) higher-order
structures develop through the differentiation and coordination of lower-level structures. [12]

Concrete and Other Neo-Piagetian Forms of Reasoning in the Novice Programmer research brings
[6] introduction of Neo Piagetian explanation to the test which was conducted in previous years
which completely focused on predicting the programming ability in students. They presented the
zone of relationship, which was never been explored, by digging more into the concepts such as
conservation and reversibility.

Unlike the earlier theory, they explored the link between the Neo Piagetian theory and
programming. They try to re-evaluate programming from the Neo-Piagetian perspective. This
described formal operational reasoning, pre-operational reasoning, and concrete operational
reasoning which are the abstract types of Piagetian reasoning, these are mostly found in literature,
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which could connect with classic Neo Piagetian theory. The reasoning levels and their link with
the programming were never discussed before, which motivated them to dig more into this
relationship.

Neo Piagetian theory aspects explain that people progress regardless of their age and possess
expert reasoning as they get expertise in a specific problem-solving domain. Also, it presents
evidence to support that abstract reasoning is not gained through biological maturity but due to the
increase in effective capacity.

The study concluded that when students were presented with different programming codes to
solve, they exhibited three forms of reasonings. While all the lectures were taken in the terms of
formal reasoning. Some of the students were in the preoperational stage where they could not
answer or explain the abstraction of codes such as how the value inside the code is changing. While
students who were in the concrete operational stage, could successfully see the abstraction of
codes, but most students who are at these levels cannot be promised to reach the formal operational
level simply by exposing them to learning materials. If a student does not possess the programming
skills and manifests formal operational reasoning, that does not mean he cannot be good at
programming if given the right tuition. This brings the pedagogical approach of Neo Piagetian
theory that determines that the phases such as concrete operational and per operational helps in
increasing the sophistication that how the students learn to answer the programming codes.

3.1.8 Consistency

In the original work Falling Behind Early and Staying Behind When Learning to Program by
Alireza Ahadi & Raymond Lister and Donna Teague [7] which is inspired with the earlier work
by Raymond Lister Concrete and Other Neo-Piagetian Forms of Reasoning in the Novice
Programmer [6] relating to the skills of programming with Neo Piagetian study where they devised
a test which consisted of questions to test the students for their tracking values in an intermediate
variable, deductive and inductive reasoning, and assignments questions. Their work was also
inspired by Dehandi and Bornat: Mental models, consistency, and programming aptitude [5] where
they study different types of mental models which are opted by the students when they approach
the programming questions. The disadvantage of their work [5] as they failed to explain the results
of the students who were inconsistent in following one type of model how their results were better
by the end of the tests.

The grading of the tests of their research of the students was later related to three stages of Neo
Piagetian theory to contribute towards their research. Using the same scenario and goals equipped
with similar tests we also devised the same test for the students and tried to analyze the scores and
categories the students into the three-stage model of the neo-Piagetian theory.

They did not disapprove that programming cannot be an innate talent but instead, they focused on
the principle that cognitive skills are learned and not innate. Perhaps a student who follows a
correct model of how to approach a question correctly would have the cognitive advantage and
gain the consistency of reasoning.
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Neo Piagetian

stages of
Reasoning

Concrete

Sensorimotor :
Operational

Pre-Operational

Third Stage

First Stage

Second Stage

Figure 3.3: Neo Piagetian- Three stages of Reasoning
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4. Methodology

4.1 Work Description

To achieve the desired research objective, we conducted tests to be given at the beginning and the
end of the semester for the students. Regardless, of their choices in the programming languages,
we developed tests that are mainly concerned with assignment statements on integer variables and
sequential statements. It focused on observing the choices of answers which students put together
and help us to identify the method which they adapted to answer the questionnaire.

The design of the test structure is influenced by the work of Alireza Ahadi, Raymond Lister, and
Donna Teague [7] by applying the neo-Piagetian theory after receiving the results, where we place
the students into the three-stage model (Figure.3.3) from early stages of learning to program:

Sensorimotor: Programmer who has adapted the incorrect model of analyzing the program
execution.

Preoperational: The programmer tries to execute the code manually and perhaps the answers to
his selection are based upon the assumption on the pieces of codes. Furthermore, examines the
relationship between the input and output.

Concrete Operational: The programmer is familiar with the approach to adapt and which model
to follow, rather than using the preoperational approach. The first stage is where students are
anticipated to manifest a determined approach to writing code.

This three-stage model (Figure. 3.3) will contribute to our interpretation towards our research that
whether learning the correct model and enhancing cognitive skills will allow the students to learn
programming skills.
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4.1.1 Experimental Tests

We designed the first and second questions with a focus on monitoring the understanding of the
students about the assignment statements, how the value is moved from right to left, which later
overwrites the previous values.

The questions are as follows:

Assignment Problems

Q1. In the boxes, write the values in the variables after the following code has been executed:

a=1
b=2
a=3
Sol. The value of a and the value of b is.

Q2. In the boxes, write the values in the variables after the following code has been executed:

r=2
s=4
r=s
Sol. The value of a and the value of b is.

Influenced by the work of Dehnadi and Bornat who used similar questions for their test. The box
will contain only one value, could not consist of more than one value. Students who face
complications and have difficulty with the first two questions lie in the category of Sensorimotor
stage.

Sequence Statements:

Q3. In the boxes, write the values in the variables after the following code has been executed:

p=1
q=28
qa=p
P=q
Sol. The value of p is and the value of q is.

Some of the students who were not able to decode the values of p and q and interpret this as
swapping values query are at the Late Sensorimotor and Early Preoperational Stage.

Changing of Intermediate values:

We designed these two questions with a focus on monitoring, whether students could track the
changes in the values in between variables.

Q4. In the boxes, write the values in the variables after the following code has been executed:
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Sol. The value in x isyis and z is.

Q5. In the boxes, write the values in the variables after the following code has been executed:

x=7
y=5
z=0
Z=X
X=y
y=z
Sol. The value in x is y is and z is.

The students who successfully attempted question 1,2,3 still could some difficulties in tracking the
intermediate values between the variables where they could mistake in analyzing the sequence of
execution in the above question. Normally, the processing of executing the code is held in the
working memory (Figure. 3.2) where the students try to store the values of the variables and maybe
later face difficulties in recording the values and present themselves with an error.

Students who successfully attempted these questions lie in the mid-stage of the preoperational
stage of the neo-Piagetian model.

Q6. In the code above, what do you observe about the final values in x and y? Write your
observation (in one sentence) in the box below.

Based on question 6 here we try to test the observation of students whether they could identify and
reveal the reasoning about the code, that how their value is exchanged or swapped between
variables, and these students thus work at the preoperational stage.

Q7. Three lines of code, for any set of possible initial integer values, are stored in those
variables.
Assume that variables 1, j, and k have been declared and initialized.

j=1
i=k
k=]

Sol. Sample answer swaps the values in variables i and k.
This question is to test if students could identify and uncover the role of this code.
Q8. Write code to swap the values stored in first and second.

Sol. Sample Answer
temp = first

20



first = second
second = temp

In the above questions, many students could get these assignments statements wrong order too and
express their answers from back to front. This could lead to difficulty in understanding the
execution of a program that would work sequentially, this would be because of simultaneous
statements and every result is dependent on the last result, which in turn could create confusion
that which variable would store which value. According to the neo-Piagetian model, the students
who will struggle in solving these questions are at the stage of preoperational or lower and the
students who were successful in answering the Q7 and QS are at the stage of concrete operational.

4.1.2 Online Test

We presented our test by using the survey model where we could receive data and analyze the
choices of answers provided by students, and the responses can be generated in the form of CSV
and other formats. The individual lines correspond to the details of the students. The students were
taught through online lectures commencing from the starting week assuming that every student
participated in it. For our experiment, we used the online survey tool SoSci survey where you
could reliably implement your survey. In the beginning, before participating in the test, students
just need to enter basic information which includes their unique id, course, etc. Through the unique
id, it was easier to work on the data after the test was over.

Sample questions in the above section (Experimental Tests) are implemented similarly, where the
students must enter their answers in the boxes and proceed with the next page for the further
questions. On the other hand, the general introductory questions to ask about the experiences
consisted of tick in a box or several boxes, which would be useful for our analysis.

A sample question from the survey is provided in Figure. 4.1:
S0Sci
oFb - der onlineFragebogen

7
()
\_/

1. How experienced are you with C++ ?

N ' 7 N
() () () ()
| \_/ \_/

Very inexperienced Inexperienced Moderately experienced Experienced Very experienced

Figure 4.1: Sample Question is given in the survey.
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The questionnaire (Table 4.1) which could be implemented effectively with the use of this tool
and the tick responses provided by students are converted into numbers in whichever format it is
downloaded from the survey tool. Similarly, the responses in other questions too were also
converted to numbers, because in our script that would be beneficial to analyze the choices.

Tick Responses Numbers
Very Inexperienced

Inexperienced

Moderately Experienced

Experienced

Very Experienced

Not Answered

Table 4.1: In this way, we would see the tick responses in our datasheet.
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4.2 Conducting Test 1

All the tutorials beginning from the introductory sessions are presented to the students through
online lectures, where we believe the lectures are attended by every student who enrolled
themselves for this online test. There was a requirement for the elimination of some data of the
students. We eliminated the data where the students just filled the answers with some random
values to complete the test quickly, there were a few other columns also which were present in our
datasheet and we had to evaluate it afterward for example the time column, the browser window,
operating system, etc. We had to eliminate all these columns since there was no requirement of
this data in conducting our study and in the part of our analysis.

All the questions were presented to the students, in the same way, shown in the section
(Experimental Test). Each question holds a score value of 1. So, the maximum score which could
be achieved by the individual would be 8. Questions from 1 to 5 were easy to give markings upon
but in questions 6,7 and 8 answer boxes, students must express the sequential nature of the
statement and how the value has been assigned to the variables. We received different types of
possible ways in which these questions could be answered, and to evaluate we had to find a solution
and reward them 1 mark for each correct question. To make this accurate, we made a list of
mandatory words such as swapping, interchange, etc. which must be present in the answer
provided, because this could signify that the student has successfully understood the purpose of
these questions and understood the correct model for executing these statements.

The second test, which was conducted by the end of the semester was given to the students using
the same online tool and projected the questions which were more related to sharing their
experience on pandemic and were they comfortable in taking all the online lectures and
assignments and is the home environment was completely suitable for them in the studies. If not,
then how does it affect their performance in the semester. This was the additional questionnaire
which we devised thought would add some essential findings in our study, because in taking a test
which requires the active participation of the student, so to consider all the possible other factors
would be a wise choice to make.

4.2.1 Results and Grading

As in the case of grading, assigning the score for the correct question is the simple part but the
important question is what that score means. There were noticeable differences in the performance
of students where the Total Scores vary from 1 to 8, as we neglected the students who scored 0 in
the tests and some students who put some random values, random alphabets, and the errors in the
responses due to failure of the internet or any other issue with the connection which prevented
them to enter correct results. Questions 1 to 5 require answers as individual values in the boxes of
the survey questions which we received at the end of the test, whereas Questions 6,7, and 8 had to
write manually their answer to represent the function and their objective.

For the analysis, we made use of Jupyter Notebook where the language Python with panda’s
package recognized was more convenient for reading our data and creating new essential columns
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for better analysis. As each row represents the data of every student, where columns (S101 01 -
S108 01) contain the answers to the questions (Q1 to QS).

For the last three questions since it was difficult to analyze according to the interpreting the
language with our script since the test was conducted in both English as well as the German
language. So, there are a variety of ways that the answer could have been given. Reading the
response through the script was time-consuming since we had to find a way to include every
possible keyword to the dictionary from which we could analyze whether the answer provided by
the student match with the keywords or not. But even with taking keywords into account, some
students expressed their answers which could be awarded 1 point, because the meaning seems to
be right but if you try to match with the keywords, we get a wrong result. So, to avoid any errors
in marking we had to evaluate the choices manually for questions 6,7, and 8 and grade them
accordingly. So, to analyze the datasheet we made a separate column for the last three questions.
If the question is correct and the student has successfully conveyed his result we gave it 1 point on
the side of it, where 1 means True and 2 means False.
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EIOS1_S106_01

Their values are swapped using
a temporal variable z

swapping of 2 numbers

I don't get your point

above code, we conduct to swap
value into one variable to
another variable.

x gets the value of y which is: 5
and y get the value of z which: 7
because the initial value of z is 0
but when code executes the
value of z is replaced by the
value of x.

EIOS1_S107 01 EIOS1_S108 01

temp = Otemp = firstfirst =
thirdthird = temp

values of i and k are swapped using
intermediate variable j

swapping of numbers using a temporary

. temp=firstfirst=secondsecond=temp
variable

j=k=1 X= firstfirst = secondsecond = X

Above code, swapping technique is
used, the act of swapping two variables
refers to mutually exchanging the values
of the variables

first= first+secondsecond= first-
secondfirst= first-second

temp = first; // Value of second is
assigned to first first = second; //
Value of temp (initial value of first)
is assigned to second second =
temp;

Sawp of the values of i and j

Table 4.2(Page. 25 & 26): Data (Sample) which we received from the Test I conducted at the
starting of the semester. It contains Unique Id, S106 01 - S108_01 (Ques I to 8) answers.
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Test 1
scores

N=293
(Number | Q1% | Q2% | Q3% | Q4% | Q5% | Q6% | Q7% | Q8%
Stu((l):nts)

60 20 20 0 0 0 0 0

s

8 62 75 12 12 12 12 12 0
10 50 70 50 30 20 20 30 30
n 19 73 84 63 63 26 26 10 52
31 77 87 93 67 67 9 41 54
- 58 82 91 98 91 94 36 27 77
85 920 98 96 94 96 78 58 85
n 63 100 100 100 100 100 100 100 100

Table 4.3: Percentage of students who answered the individual questions correctly.

In the test] out of N = 293 students, 63(22%) students were able to achieve a full score (Figure 4.2
& 4.3), which means they were able to enter every answer correctly in each part of the questions.
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Number of Students

Students Marks Plot

29

15

Percentage of Students

10

8 marks 7 marks 6 marks 5 marks 4 marks 3 marks 2 marks 1 marks 0 marks
Marks

Figure 4.2: Percentage of students who scored marks in Test 1.

Students Marks Plot

Marks

Figure 4.3: Number of Students who scored marks in Test 1.
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Table 4.4: The percentage of students who answered each question correctly in accordance with
the total score.
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4.2.2 Analysis

4.2.2.1 Semantics of Assignments statements (Q1 and Q2)

Table 4.3 displays the overall performance from Q1 to QS8, where questions 1 and 2 focused only
on analyzing the choices made by students in assigning values in a variable. The scores would
determine that how many percentages of students understood, how the value is assigned to a
variable and which statement result will be displayed in the output when we have multiple lines of
statements.

Of the students Table 4.4 who scored 1 mark, about 60% of students answered correctly what
would be the value of variable a in Qland 80% answered correctly what would be the value of
variable b in Q1. Similarly, in Q2 where 20% of students’ answers were correct in placing the
value for r, and about 60% whose answers were right when entered the value of s. Significantly,
as the students who scored marks increased the percentage of getting correct answers for Q1 and
Q2 also rose higher. As the students who got 4 marks answered Q1(a and b) (78% and 89%) and
Q2 (r and s) (84% and 89%), the ones who scored 6 marks were (86% and 96%) and about 63
students did well who got both questions correct.

Both the questions primarily focused on assigning values to a variable but Q1 had two statements,
unlike Q2 which had 3 statements. The percentage of the correct answer of Q2 is lower as
compared to question 1. The value of the second variable asked in the questions was mostly correct
and students were able to predict the assignment, but the changes were observed when they had to
assign the value to the first variable. In both cases, we tried to find out whether the students could
identify that the execution of the third statement will provide them the final answer. Almost in
every case, they were successful in reaching this conclusion, which means they have understood
which model they should follow in analyzing the multiple variable assignment problems.

(Numl\ll)er of Ql(a) B Q02/(a) Q2(b)

% % ° Y%

Students)

60 80 20 60

8 62 100 75 100
10 50 100 70 100
19 78 89 84 &9
31 77 100 87 100
58 86 96 91 100
85 90 98 98 100
63 100 100 100 100

Table 4.5: Percentage of students who answered Q1 (a, b) and Q2(a, b) correctly.
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4.2.2.2 Effect of Sequence of statements (Q3)

After observing the responses of programmers in assignment questions, then we are required to
see the responses in a similar assignment problem and it is followed with the sequential statements,
where one must remember the previous value stored in one variable and how the same value has
been transferred to another variable or could be interchanged later.

Dehandi and Bornat also used a similar question, where students could interpret this question as
swapping values which they even named as ‘Intentionality bug’ because some students could not
apply the sequence properly in solving these kinds of problems.

According to our result, the students performed well which signifies that the approach which was
used by students was correct in solving Q3. Amongst all students, those who scored 2 marks could
not achieve a 50% result, which means they could apply the sequential execution of the statement
or maybe could not follow the structure of execution. About 37% of students answered the
question, correctly which means they successfully entered the correct value of p and about 50%
entered the value of q correctly and in total, out of 19 students 63% entered the correct choices in
the boxes.

N Q3(b)
Students)
60 60
37 50
60 60
4 68 78
. 5 ] 93 96
6 | 100 98
97 97
8 | 100 100

Table 4.6: Percentage of students who answered Q3 (a, b) correctly.

4.2.2.3 Tracking Intermediate Values (Q4 and Q5)

After assignment statements, the next step is to observe how well students understand in tracking
intermediate values in the multiple-line statements (Q4 and Q5) because even after understanding
how the assigning values to variable works, students could make errors and cannot track the values
in a variable in the series of assignment statements. The possible reasons would be, that the
students try to memorize the value rather than writing down on the piece paper, where the chances
of making mistakes in tracking values are slightly higher, and some use the error-prone method of
recording and tracking every value on the piece of paper before providing the final solution.
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The students whose total score was more than 5 could certainly track values moving in between
statements. These students who scored 6 or higher are in the preoperational or higher neo-Piagetian

stage.
Test1 | (Number Qi) | Q40 | Q5@) Q5(¢)
Scores of Y% % % Y%
Students)
5 80 0 0 60 0 60
8 62 12 12 50 12 62
10 80 40 30 70 30 60
| 4 U 94 63 63 68 36 68
3 93 70 67 90 67 87
0 s8 98 91 94 98 96 98
85 97 95 96 97 96 98
e 100 100 100 100 100 100

Table 4.7: Percentage of students who answered Q4 (a, b, c) and Q5(a, b, ¢) correctly.

4.2.2.4 Inductive Reasoning (Q6)

As discussed before, that Q4 and QS5 were designed to test the tracking of execution of sequential
statements. But students who all attempted these questions, many of them got it correct. To analyze
that did they understood how the code worked, we designed Q6 where we asked them to provide
the reason and explain the behavior of statements based on their observation, that how the values
swapped in between different variables.

This question also included the responses in the form of guesses, where the students just entered
what they assumed could be right. Students who were not able to get Q4 and QS5 correct are least
expected that they could have answered Q6 correctly. There is a huge percentage difference
amongst students who did well in Q4 and QS5, but it showed mixed results when we compare the
scores with Q6.

There is no steep increase observed in the percentage of students who answered correctly with
respect to their total score. Students who scored 5 or less than 5 could not perform well, on average
the scores were all less than 30%. There was a slightly higher difference between the scores of
(Q4, Q5) and Q6. So, it is apparent that the students who scored more than 6 were able to perform
much better on this question. As a result, it shows these students know the sequence of execution
of statements and knew the reasoning that how the code worked and how the swapping of the
values was carried in this question.
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Scores (Number of Students) %
5 0
8 12
10 20
4 | 19 26
31 9
| 6 | 58 36
85 78
8 | 63 100

Table 4.8: Percentage of students who answered Q6 correctly.

4.2.2.5 Deductive Reasoning (Q7 and Q8)

Both Q7 and Q8 contained the three lines of codes were the variables we assumed to contain any
sort of integer values that have been declared or initialized, where the students now had to explain
their answer box, that how the statements would get executed, and how the values would be
swapped in between variables.

There is a statistically huge difference in the performance of students when it came to attempting
Q7 and QS8 only the students who scored 8 marks were able to present the better result as compared
to others. The ones who scored 7 did show a good performance in Q8 where 85% successfully
received full points in it.

Test 1 N Q7

(Number of

o
Students) e

Scores

0

8 12 0

10 30 30
19 10 52
31 41 54
58 27 77
85 58 85
63 100 100

Table 4.9: Percentage of students who answered Q7 and Q8 correctly.
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4.2.2.6 Programming Experiences vs Scores

In this section, we could present the data, which is related to programming experience, which
means how many students were successful in scoring good marks if they possess experience in
languages. Since we ask the students about their experiences (Appendix Al) to share with us,
related to programming experience which could also be a possible aspect that invited more
discussion in this area.

Through analyzing all the scores, we made graphs to present our findings which are related to their
experience.

Students who got 8 marks with different experience

12

10

Number of Students

0 . .?-9

0 1 2 3 1 5 6 7 8 9 10
Experience in programming in years

Figure 4.4: Students who scored 8 marks with different experiences in programming.

In this first Figure 4.4 it represents scores of students who scored 8 marks and we took responses
of experience levels in years from 0 to 10. Assuming that it may give more insights on students’
performance, and it did shed some light in this area.
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In Figure 4.5 it represents the scores of students who achieved 7 marks out of 8 marks. Even with
having experience more than 3 years yet the participants were unable to reach the full score.

Students who got 7 marks with different experience

3

» 30

b

20
0
2
L)
°
3
&
s 15
515
2
E
=3
4

10

8
7
6
s 5
1 1 1 1
0 . . — = 0
0 1 2 3 4 5 6 7 8 9 10

Experience in programming in years

Figure 4.5: Students who scored 7 marks with different experiences in programming.
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Students who got 6 marks with different experience

Number of Students

4 5 6 7 8 9 10
Experience in programming in years

Figure 4.6: Students who scored 6 marks with different experiences in programming.

Students who got 5 marks with different experience

14

Number of Students

Experience in programming in years

Figure 4.7: Students who scored 5 marks with different experiences in programming.

In the next category Figure 4.6 and Figure 4.7 where students who scored 6 and 5 marks out of 8
also included students whose experience varied from 0 to 7 years. It did raise questions that why
the students who had experience more than 1 year are stuck at these scores.
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Students who got 4 marks with different experience

Number of Students

Experience in programming in years

Figure 4.8: Students who scored 4 marks with different experiences in programming.

Number of Students

05

0 0 0 0 0 0
3 a 5 3 7 8 9 10
Experience in programming in years

00

Figure 4.9: Students who scored 3 marks with different experiences in programming.
In Figure 4.8 included 1 student with experience of 7 and 5 years but scored 4 marks. But 7 students

with no experience scored 4 marks. In Figure 4.9 1 student with 4 years of experience scored 3
marks.
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Students who got 2 marks with different experience

30

25

20

Number of Students

05

00

Experience in programming in years

Figure 4.10: Students who scored 2 marks with different experiences in programming.

Students who got 1 marks with different experience

10

[X:]

°
o

Number of Students

°
a

02

0.0 4

Experience in programming in years

Figure 4.11: Students who scored 1 mark with different experiences in programming.

Figure 4.11 included 1 student with 4 years of experience with a score of 2, whereas in Figure 4.12
had only 2 students with experience of 1 and 2 years who scored 1 mark.
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4.2.2.7 Neo Piagetian Summary for test 1

On analyzing the scores of test 1 we can now make our statement by presenting our findings based
on Neo Piagetian theory and characterizing the scores of students in which stage does are the
students currently.

1. According to table 4.3, where the students who scored 2 scored more than 50% tend to
have more grasp and understanding over the assignment questions. They were able to fill
the correct values in the box in the online survey test 1. They showed poor performance in
the remaining questions, which showed they had a poor grasp in attempting the questions
with the sequential assignment. Thus, they lie or work in the late Sensorimotor/Early
preoperational stages.

Percentage of Students scored 2 marks

80
70
60
50
40
30
20

. e e e e e
0

Q1% Q2% Q3% Q4% Q5% Q6% Q7% Q8%

B Students scored 2 marks

Figure 4.12: Percentage of students who scored 2 marks and answered which questions
correctly.

2. The students who scored 4 showed better performance in Q3 which was to analyze whether
they understood how the assignment in sequential statement happen. About 63% correctly
answered this question, but they showed a poor grasp in tracking intermediate values in
later questions in Q4 and Q5. They struggled with inductive reasoning and remaining
questions. We characterize these students in mid-range Preoperational.
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Percentage of Students scored 4 marks

90
80
70

60
50
4
3
2 HE
1
——

Q1% Q2% Q3% Q4% Q5% Q6% Q7% Q8%

O O O O o

B Students scored 4 marks

Figure 4.13: Percentage of students who scored 4 marks and answered which questions
correctly.

3. Students with a score of 6 performed much better and were successful in attempting and
understanding the assignment, sequential, and in tracking the intermediate values. The
majority of them successfully got them correct but could not perform better in inductive
reasoning questions. Only 37% of students were able to attempt successfully inductive
reasoning. So, we could characterize these students in mid-range Preoperational/Late
Preoperational.

Percentage of Students scored 6 marks
120

100

80
6
A
2 2o
0

Q1% Q2% Q3% Q4% Q5% Q6% Q7% Q8%

o

o

o

B Students scored 6 marks

Figure 4.14: Percentage of students who scored 6 marks and answered which questions
correctly.

4. Students who scored 8 were the students who were successful in correctly answering each
question, and these were the students who were able to perform well in inductive and
deductive reasoning. Their performance was consistent in every question. So, we
characterize the students in Concrete Operational, who showed the right approach in
solving all the questions.
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Classification of test scores according to Neo Piagetian Theory for the TEST 1 Scores

In [19]:

for i,row in read_file_final.iterrows():
if row['EI0S1_Tot_per'] ==120.0:

print ("{} {3 {} Concrete Operational”.format((1i), (row['PD14_@1(EI0S1/EI0S2)"]),(rou[ 'EIOS1_Tot_per']))!

elif row['EI0S1_Tot_per']»>=75.8 and row['EIOS1_Tot_per'] <= 85.@:

print ("{} {3 { early concrete operational”.format((i), (row['PD14_e1(EIOS1/EI0S2)']), (row["EIOS1_Tot,

elif row['EI0S1_Tot_per']> 85.8 and row['EIOS1_Tot_per'] <= 99.8:

print ("{} {3 {} Mid Concrete operational”.format((i),(row['PD14_e1(EIOS1/EI0NS2)"]),{row[ 'EIOS1_Tot_pt

elif row['EI0S1_Tot_per']<75.8 and row['EIOS1_Tot_per']»58.8:

print ("{} {} {3} Late Pre operational®.format((i), (row['PD14_21(EIOS1/EI0S2)']), (row[ EIOS1_Tot_per']]

elif row['EIOS1_Tot_per']==508.0:

print ("{} {} {3 mid range Pre operational®.format((i),(row['PD14_e1(EIOS1/EI0S2)']),(rou[ ‘EIOS1_Tot_|

elif row['EI0S1_Tot_per']»>25.0 and row['EIOS1_Tot_per']<58.8:

print ("{} {} {} pre operaticnal".format{{i),(row['PD14_81(EIOS1/EIOS2)"]), (row[ 'EIOS1_Tot_per'])))

elif row['EIOS1_Tot_per']==25.0:

print ("{} { {3 sensorimotor/early Pre-Cperational”.format({(i),(row['PD14_81(EIOS1/EIOS2)"]), (row['E]

elif row['EI0S1_Tot_per']<25.0 and row['EIOS1_Tot_per']!=11.8:

print ("{} {} {} senscrimotor”.format((1i), (row['PD14_@1(EI0S1/EI0S2)']),{row[ ‘EIOS1_Tot_per'])))
]
2} nan 87.5 Mid Concrete cperational
1 1mamao 87.5 Mid Concrete operaticnal
2 4hsSaa 16@.2 Concrete Operaticnal
3 2eRHam 62.5 Late Pre operational
4 23MMSCM 122.9 Cencrete Operational
5 mainhl 75.@ early coencrete operational
6 2eRrYam 87.5 Mid Concrete operaticnal
7 3uMIch 16@.2 Concrete Operaticnal
8 9uGCaa 75.@ early cencrete operational
9 SmGTub 16@.2 Concrete Operaticnal
10 4uusuu 75.@ early cencrete cperational
11 565601 75.9 early cencrete cperational
12 3essaa 75.9 early cencrete coperational
13 21iANho 1€0.9 Cencrete oOperational
14 BaRKou 75.9 early cencrete cperational
15 2omhon 62.5 Late Pre cperational
16 suvsai 5@.e mid range Pre operational
17 2sreeja 75.8 early concrete operational
18 2ajayk 37.5 pre operational
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Figure 4.15: Classification of test scores according to the Piagetian Theory for testl scores.
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4.3 Conducting test 2

Since both, the test must be conducted in 6 months in beginning and at the end of the semester to
record the performance of students that at which Neo Piagetian stage do, they lie after they get
familiar with a correct model to follow which they would have learned through lectures and test
1.

Test 2 contained two parts, which we had to design according to the present situation because of
the pandemic, where the students could take the survey and the test by the end of the semester.
The pandemic survey was necessary, as we had to find out that online courses conducted in the
university were helpful and there are many more factors that are associated with it that could affect
the performance of students.

As mentioned, test 2 was conducted in two parts, in one part we received the test scores from the
professors (Table 4.10 and Table 4.11) where the students gave the test online and recorded the
scores in the excel file. The other part consisted of questions that were entirely about the pandemic.
The university was closed for an entire year and the students have to attend the online courses to
complete their semester. The courses were designed accordingly in the best way which could be
favorable for the students. As the survey was conducted in a very fixed duration of time, where
the students were asked about their opinions and suggestions so, they could plan the structure of
the study program which could fulfill the needs of the students and there could be more sessions
of queries which could be arranged at the end of the lectures.
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Table 4.10: Data (Sample) received from the professor for test 2.
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1mamao

23MMSCM

2eRYam

9uGCaa

5mGTub

Table 4.11: Data (Sample) received in Test 2.
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7.5

26.5

7.5
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At the end of the survey, there were responses which we felt could be the reason for the students
who could not perform that well as in the first test. The changes in the Neo Piagetian stage in
which the student was earlier some stayed at the same stage, some made a progress in their case
and some even moved from a higher level to a lower one.

Questions (Appendix A.2) that were included in the test 2 survey related to the pandemic. It
contained starting questions that were general to ask about student grade and their unique code.
The rest of the questions were more study-specific, which were focused on gaining information
regarding their opinions about the learning platform which they use and the last few questions
regarding the pandemic.

The study and the pandemic questions were designed again using the SoSci Survey tool same as
used for test 1. Before attempting students are prompted to enter their unique code and general
details about their course. In every question, they had to select their choice and move to the next
page. The possible options were present according to the queries which a student might select for
example Yes, no, or Not answered (Table 4.12).

The results are generated in the form of Docx, CSV format as the tool can provide results in the
number of formats whichever could be suitable according to the user. The columns contained such
as STO8 01, ST09, ST11 01, etc. consist of values that students selected in the test. The other test
results provided by professors, wherein one test the score students scored was out of 50 and another
was out of 32 marks. Since in every test we had different total scores so to compare the score we
converted each score into percentage and then analyzed it. Based on Neo Piagetian it was more
effective by converting it into percentage and then categorizing the students in which stage they
lie. It gave us better insights to see whether students stayed at the same stage or did they learned
the correct model or approach to solving the questions in the test and moved to a higher stage.
Also, the ones who were on higher stage performed in the same way as we predicted or did, they
fall into lower stage and what was the reason which affected that.
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Table 4.12: The pandemic survey data (Sample) in test 2
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Classification of test scores according to Neo Piagetian Theory for the TEST 2 Scores

In [20]: for

i,row in read_file final.iterrows():
if row['EIOS2_Summe_per'] ==100.0:

print ("{}  {} {x

elif row['EI0S2_Summe_per']>=75.0 and row['EIOS2_ Summe_per'] <= 85.@:
print ("{} {} {} early concrete operational”.format((i), (row['PD14 @1(EIOS1/EIOS2)']), (row['EIOS2_Sumn

elif row['EIOS2_Summe_per']> 85.0 and row['EIOS2_Summe_per'] <= 99.0:
print ("{} {3 {3} Mid Concrete operational”.format((i), (row['PD14_01(EIOS1/EI0S2)']), (row['EIOS2_Summe

elif row['EIOS2_Summe_per']<75.0 and row['EIOS2_Summe_per’]>50.0:
print ("{} {} {} Late Pre operational".format((i), (row['PD14_01(EIOS1/EI0S2)"]), (row[ 'EIOS2 Summe_per

Concrete Operationzl".format((i), (row['PD14_01(EIOS1/EI0S2)']), (row[ 'EI0S2_Summe_per']]

elif row['EIOS2_Summe_per']==50.0:
print ("{} i {

elif row['EIOS2_Summe_per']>25.0 and row['EIOS2_Summe_per']<50.0:
print ("{} {} {} pre operationzl".format((i), (row['PD14_@1(EI0S1/EIOS2)"]), (row['EIOS2 Summe_per'])))

elif row['EIOS2_Summe_per']==25.0:
print ("{}  {} {3

elif row['EIOS2_Summe_per']<25.0 and row['EIOS2_Summe_per']!=11.0:
print ("{} {} {} Sensorimotor”.format((i), (row[ 'PD14_@1(EI0S1/EIOS2)']), (row['EIOS2_Summe_per'])))

mid range Pre operational”.format((i),(row['PD14 @1(EIOS1/EI0S2)']), (row['EIOS2_Summe

Sensorimotor/early Pre-Operational”.format((i), (row['PD14_01(EIOS1/EI0S2)"']),(row[ EI

117
118
119
120
121
124
125
126
127
129
131
132
133
134
135
137
138
139
140

Figure 4.16: Classification of test 2 scores according to Neo Piagetian theory.

leASaa 76.92307692307693 early concrete operational

9apjhn

53.84615384615385

Late Pre operational

20TRaa 3.8461538461538463 Sensorimotor
4tMMeu 32.6923076923@769 pre operational
5hSLoa 26.923076923076923 pre operational
1nHRce 26.923076923076923 pre operational
3yDKhe 61.53846153846154 Late Pre operational
9iSMeo 19.230769230769234 Sensorimotor
@oPEah 7.6923076923876925 Sensorimotor

5nCDei 51.92307692387693 Late Pre operational
3aUGho 67.3076923076923 Late Pre operational
81AGue 7.6923076923076925 Sensorimotor
@aFTea 21.153846153846153 Sensorimotor

2tRBaN 57.692307692387686 Late Pre operational
otrmhi 5@.0 mid range Pre operational

2iEGul 48.07692307692308 pre operational
90MGun 65.38461538461539 Late Pre operational
2IABUI 61.53846153846154 Late Pre operational
3rCHei 19.230769230769234

Sensorimotor

2
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concrete operational
concrete operational
concrete operational
concrete operational
concrete operational
concrete operational
concrete operational
concrete operational
concrete operational
concrete operational
concrete operational
concrete operational
concrete operational
concrete operational
concrete operational
concrete operational
concrete operational
concrete operational
concrete operational
concrete operational
concrete operational
concrete operational
concrete operational

concrete operational
concrete operational
concrete operational
concrete operational
concrete operational
concrete operational
concrete operational
concrete operational
concrete operational
concrete operational

19.9 LaLe ri'e UPEI'GLLUIIHA
43.0 pre operational
14.000000006000002 Sensorimotor
62.0 Late Pre operational
62.0 Late Pre operational
43.0 pre operational
60.0 Late Pre operational
64.0 Late Pre operational
508.90 mid range Pre operational
68.0 Late Pre operational
14.0600006000000002 Sensorimotor
62.0 Late Pre operational
68.0 Late Pre operational
60.0 Late Pre operational
78.0 early concrete operational
78.0 early concrete operational
6.0 Sensorimotor
16.0 Sensorimotor
30.0 pre operational
508.90 mid range Pre operational
66.0 Late Pre operational
54.9 Late Pre operational
26.90 pre operational
52.90 Late Pre operational
59.375 Late Pre operationa
64,0625 Late Pre operationa
59.375 Late Pre operationa
55.625 Late Pre operationa
64,0625 Late Pre operationa
99.625 Mid Concrete operational
35.3125 pre operational
56,25 Late Pre operationa
28.125 pre operational
28.125 pre operational

Figure 4.17: Comparison between the test I scores and test 2 scores based
on Neo Piagetian theory that how their performance shows the changes between the Neo Piageti
an Stages. (i)
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pre operational
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Late Pre operationa
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Late Pre operationa
Late Pre operationa
pre operational
Late Pre operationa
pre operational
pre operational
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Mid Concrete operational
early concrete operational
early concrete operational
Late Pre operationa
Mid Concrete operational

Figure 4.18: Comparison between the test I scores and test 2 scores based
on Neo Piagetian theory that how their performance shows the changes between the Neo Piageti
an Stages. (ii)
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129 5n(CDei 62.5 Late Pre operational 54.0 Late Pre operational

192 5iopPri 62.5 Late Pre operational 6.0 Sensorimotor

218 8aRHui 62.5 Late Pre operational 48.8 pre operational

225 9aawro 62.5 Late Pre operational 56.080000000000001 Late Pre operational
227 90lGua 62.5 Late Pre operational 52.0 Late Pre operational

246 6hhhoi 62.5 Late Pre operational 60.0 Late Pre operational

254 4aRGlr 62.5 Late Pre operational 62.0 Late Pre operational

265 @rAEoa 62.5 Late Pre operational 54.0 Late Pre operational

15 2omhon 62.5 Late Pre operational 98.625 Mid Concrete operational
38 Bartre 62.5 Late Pre operational 74.375 Late Pre operational
65 9rMRer 62.5 Late Pre operational 65.625 Late Pre operational

Figure 4.19: Comparison between the test 1 scores and test 2 scores based

on Neo Piagetian theory that how their performance shows the changes between the Neo Piageti

an Stages. (iii)
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125
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20TRaa
3yDKhe
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16 6buvsai
51 1aacho
66 9eKOua
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5.8
50.0
58.0
58.0
58.8
50.9

50.0
50.0
50.0
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mid range Pre operational
mid range Pre operational
mid range Pre operational
mid range Pre operational
mid range Pre operational
mid range Pre operational

mid range Pre operational
mid range Pre operational
mid range Pre operational
mid range Pre operational

4,0 Sensorimotor
64.9 Late Pre operationa
10.0 Sensorimotor
32.0 pre operational
43.0 pre operational
56.00000600000601 Late Pre operationa
46.875 pre operational
50.9 mid range Pre operational
28.125 pre operational
65.625 Late Pre operationa

Figure 4.20: Comparison between the test I scores and test 2 scores based
on Neo Piagetian theory that how their performance shows the changes between the Neo Piageti

an Stages. (iv)

51



118 9apjhn 0.0 Sensorimotor 56.00000000000001 Late Pre operationa

182 41FRlu 0.0 Sensorimotor 6.0 Sensorimotor
216 8oakus 9.0 Sensorimotor 16.0 Sensorimotor
291 4ikGha 0.0 Sensorimotor 32.0 pre operational
118 9apjhn 8.0 Sensorimotor 56.00000000000001 Late Pre operationa
182 41FRlu 0.0 Sensorimotor 6.0 Sensorimotor
216 8oakus 0.0 Sensorimotor 16.9 Sensorimotor
291 4ikGha 0.0 Sensorimotor 32.0 pre operational

Figure 4.21: Comparison between the test I scores and test 2 scores based
on Neo Piagetian theory that how their performance shows the changes between the Neo Piageti
an Stages. (v)
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4.3.1 Results (End of Semester)

Our findings presented the comparison between the performance of students in both test 1 and test
2 but after test 2 the results we presented here only of the students who participated in both the
tests. We have attached the results in tabular form of all participating students. Performance results
could vary, and it is not always predicted that the students who performed well in the first test
could perform in the same way. But if we dig into this area, we can also throw some light on the
factors which could be responsible for their bad performance, the survey results we generated from
the responses would help to analyze the data more accurately in this direction. We had to make
separate analyses at the end of the semester.

4.3.2 Neo-Piagetian Summary after test 2

1.

About 40 students were present in both the tests and were successful to be categorizing
themselves into concrete operational. Predictions about these students who were thought
to know the correct model for program execution and would perform better by the end of
the semester. All these students could not stay in the same stage according to their
performance which revealed that some of them moved to the Early Concrete Operational
stage, different Preoperational stage. Most of the students did go backward but did not huge
transition of movement in Neo-Piagetian stages as test2 also required skills and concepts
to approach the questions.

47 students who were categorized into Mid Concrete Operational means were able to
attempt 87% of the questions correctly. (Figure 4.22) About 23% of students could not
perform better and did not score enough which is enough to take them to the sensorimotor
stage. But 77% of students were successful in giving better performance. They could not
stay in the same stage but did not give a bad performance which could lead to a huge shift
to lower stages.

Students Performance
90
80
70
60
50
40
30
20
10

Category 1, 77

Category 2, 23

Figure 4.22: Student performances who were in higher stage (Mid Concrete Operational).

B Better M Not Better
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3. About 11 students who were in the category of late preoperational stage performed better
in their performance which could be stated from their results as most of them stayed in the
same stage late preoperational even after test 2.

4. (Figure 4.23) 10 students who were in the mid-range preoperational also performed well
in test 2 same as their performance in test 1. Most of them stayed in the same stage which
signifies, that they did grasp over the understanding of the model of execution of a program.
Out of 10 students, 3 students showed the jump from the mid-range preoperational to late
preoperational.

Students

Lower = Advanced

Figure 4.23: Student’s performance who were in Mid Preoperational Stage.

5. 6 Students were in the sensorimotor stages in test 1. By the end of the test (Figure 4.24) 2
out of 6, 2 students showed better performance one student moved from sensorimotor stage
to preoperational and another one was made to late preoperational.

Students

m Advanced Same

Figure 4.24: Student’s performance who were in Sensorimotor Stage.

6. There were some additional results to which brought some interesting observations to our
research that there were 4 students who were unable to perform in test 1 and scored 0 which
we could categorize as sensorimotor or maybe not. But out of 4 students (Figure 4.25), 2
students scored the marks which were enough to put them in the stage of pre-operational
and another one into the stage of late preoperational. It clearly states that by the end of the
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semester when given formal instruction of the statements and programming problems they
get to know the idea of attempting the question and which model they should follow.

Students

® Advanced = Same
Figure 4.25: Student’s performance in who scored 0 scores.

The performance of students in both the tests gave us insights on various points which we discussed
before and here is one question which arises that even most of the students performed well by the
end of the semester and still many could not show the transition from lower Neo Piagetian stages
to higher ones or vice versa. This brought our attention towards considering the opinions of
students which they provided us in the survey about the difficulties which they could have faced
during the course.

Ques. Overall how does pandemic affect your study?

Pandemic Response

B Slightly Negative Influence B Negative Influence
H No Influence Slightly positive Influence

M positive Influence

Figure 4.26: Pandemic Responses provided by students.
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We asked the students did the pandemic affected their study sessions. We received 62 responses
from the students. Out of 62 responses (Figure 4.26), 33 students chose that it brought a slightly
negative influence and 12 students felt that it had a negative influence and as a result affected their
result and the remaining opinions included no influence or positive influence. But more than 50%
of students felt that their study was affected due to a pandemic which was reflected in their scores
in the tests. As most of them agreed that attending university and the environment for studying is
important in the learning process.
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5. Conclusion and Future Work

In our research, we tried to replicate the original study [7] we have conducted 2 tests one in the
beginning and one by the end of the semester with students at the Chemnitz University of
Technology, where students showed active participation in the test. As it is important to mention,
that even during the pandemic the proper course structure was planned for learning skills and
knowledge in the area of programming. The students were also provided with assignments and
every query has been solved through group discussion or even by taking appointments with the
instructors.

This research was conducted to predict the success rate among the students who begin to learn to
program but many students did have previous experience or were familiar with programming
languages. But we designed the test keeping in mind they all are at the beginning of the semester
and attending online lectures to learn to program. Programming can be an innate talent and it
cannot be denied, but our results did not focus on this part instead we tried to Figure out, if students
get better at reasoning and understand the correct model which is required to attempt the
programming questions, they will have better chances to pass the tests or introductory
programming courses. Neo Piagetian focuses on developing cognitive skills which are primarily
learned and cannot be considered as innate. As it can be clearly said that working on reasoning
skills can help the student to getter better at learning programming languages.

5.1 Threats to Validity

1. Test 1 results showed better performance amongst students, and we tried to relate the
results with Neo Piagetian theory. As many students were successful to achieve good marks
and were fit in the category of the Concrete Operational Stage, but in test 2 students in this
category were not able to show the same performance and secure their place in Concrete
Operational Stage.

2. We found that many students possessed experience in programming but still were not able
to reach higher Neo Piagetian stages. Even though if we assume these students were better
in reasoning skills and had experience in programming then why they could not show the
concrete reasoning skills by the end of the semester.

5.2 Future Work

1. These are some areas that need to be researched upon that the students who were able to
secure their place in Concrete Operational Stage and scored full marks in test 1 could not
give the same performance as in test 2.

2. Students who possessed experience in programming were unable to show the reasoning
skills as expected which did reflect from their scores in both the tests.
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Thus, more empirical work could be done in these two areas, that what other better methods could
be adopted to make reasoning skills better so, it could help students to perform better at
introductory courses.

5.3 Conclusion

In terms of Neo Piagetian theory, we predicted that the students who did not perform better and
who exhibited a lower Neo Piagetian stage, in the beginning, were predicted to show higher stage
by the end of the semester and will possess higher formal reasoning and better understanding
towards solving programming questions.

Most of the students who could not perform better in test 1 and were in the lower stage of Neo
Piagetian were able to manifest better results by the end of the semester. Even with the students
who scored 0 as we took this case too, where 50% of students did reach the Late preoperational
stage. 53 students were able to secure place in Late preoperational stage after test 2, as compared
to test 1 where 11 students were in the same stage. There were also fewer students in the early
stages such as Sensorimotor or Early Preoperational Stage and moved themselves to higher stages
such as Preoperational and Mid-Range Pre-Operational. This signifies and supports our prediction
that improving cognitive skills and reasoning and following the correct model of execution, is the
dimension that should be worked upon. To push yourself to higher Neo Piagetian stages students
must gain consistency in following the correct model and reasoning skills.
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4.11: Data (Sample) received in test 2.

4.12: The Pandemic survey data in test 2.
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Appendix
Appendix A

A.1 Survey Test 1 using the online survey tool SoSci, which included questions explained in
section 4.1.1 where students required to select the options and complete the test.

127321, 11:20 AM Galley-proof base (EarylndicatorsofSucces) 03.12.2021, 11:22

oFh - der onlineFragebogen

EaryindicstorzofSucces = baze 03.12.2021, 11:29

Page 01

Welcome to our Survey

In this study, we investigate how programming skills evolve over time. To this end, we show you several assignment
statements, which you should try to understand as quickly and accurately as possible and then answer the question.
This should take around 15 minutes.

At the end of the semester, we like to understand whether your performance in this test is related to the performance
in the course. To assure anonymity, you can generate a unique code at the end of the experiment. We use this code to

map the test results to the results in the course, no one can map the test results to your person.

If you have questions, feel free to contact us at:
arooba.ageel @informatik.tu-chemnitz.de

marc.weiss@s52018.tu-chemnitz.de

Thank you for your participation!

Figure A.1.1: test 1 for students Page 1
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120321, 11:20 AM Galley-proof base (EarlyindicatorsofSucess) 03.12.2021, 11:22

Please enter the name of your degree program e.g. BS Informatik, MS Automative Engineering etc.

Page 02
- GQ123
1. Are you currently studying in:
Lest
Masters
Bachelors
Other:
. GQ143
2. What is the name of your degree Program ?

3. Which course are you currently studying ?

Please enter the name of course &.g. Software Engineering Programming Basics , Softwaretechnologie,

Softwarepraktikum etc.

4, In which semester are you currentlyin ?

Eg. Itis my1semester

Itis my { semester

Figure A.1.2: test I for students Page 2

Q13
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127321, 11:20 AM Galley-proof base (EarylndicatorsofSucess) 03.12.2021, 11:22

5. What is your current profession?
University student (undergraduate, bachelor)
University student (graduate, master/PhD)
University employee (postdoc, professor)
Professional programmer/developer

Other:

Page 03

GQO13
test

6. How much experience do you have with programming?

Learning Programming years
Programming

years
Professionally I—l

7. How do you evaluate your programming skills compared to your course mates?

Much less Less Around equal Higher

Figure A.1.3: test 1 for students Page 3

Much higher
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123721, 11:20 AM Galley-proof base (EardyindicatorsefSuccss) 03.12.2021, 11:22

Page 04
GQ103
8. How experienced are you with C?

Very inexperienced Inexperienced Moderately experienced Experienced Very experienced

GQo9 3
9. How experienced are you with C++ 7

Very inexperienced Inexperienced Moderately experienced Experienced Very experienced

GQ113
10. How experienced are you with Python ?

Very inexperienced Inexperienced Moderately experienced Experienced Very experienced

GQOS5*=
11. How experienced are you with Java ?

Very inexperienced Inexperienced Moderately experienced Experienced Very experienced
12. How many additional languages do you know (moderate experience or better)?
Page 05
In the boxes, write the values in the variables after the following code has been executed:
a=1
b=2
a=3

Thevalueinais and the valueinbis

Figure A.1.4: test 1 for students Page 4
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127321, 11:20 AM

Galley-proof base (EarlylndicatorsofSuccss) 03.12.2021, 11:22

r=2

s=4

r=s

In the boxes, write the values in the variables after the following code has been executed:

The value inrisl and the value insisl

Page 06

$10273

p=1

In the boxes, write the values in the variables after the following code has been executed:

Thevalueinpis and the value inqin I

Page 07

s103 3

x=7

y=5

In the boxes, write the values in the variables after the following code has been executed:

Thevalueinxis | ins_ Jandzis

Figure A.1.5: test 1 for students Page 5

Page 08

$104
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1273721, 11:20 AM Galley-proof base (EarlylndicatorsofSucces) 03.12.2021, 11:22

In the boxes, write the values in the variables after the following code has been executed:
x=7
y=5
z=0
z=x
xX=y
y=z

The value inxis. _|yis~ and zis

In the code above, what do you observe about the final values in x and y?

Write your observation (in one sentence) in the box below.

Page 09

$105 =

In one sentence that you should write in the box below, describe the purpose of the following
three lines of code, for any set of possible initial integer values stored in those variables.

Assume that variables i, j and k have been declared and initialized.

j=i

Assume the variables "first™ and "second”™ have been initialized.

Write code to swap the values stored in first and second.

Page 11

Figure A.1.6: test I for students Page 6
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1273721, 11:20 AM Galley-proof base (EarlylndicatorsofSucces) 03.12.2021, 11:22

Page 12
PDO7 =
13. What is your biclogical gender?
Male
Female

Prefer not say

PDO8
14. How old are you ?
Iam years old.

Page 13

15. To enable us to link your data anonymously across multiple studies, we ask you to generate a uniqu
code below:

Please use the following instructions to compose the code

The second Thesecond The first letter The first letter The second The second
digit of your letter of your of your fathers of your first letter of your letter of your

birthday. mothers name name. schools name city of birth first name
e.g.: e.g.: e.g.: e.g.: e.g.: e.g.:
04.12.1998 Lisa Karl Goethe Schule Chemnitz Marla

| l ! | 1 l

~

4 G h a

16. If you would like to receive your code per e-mail, you can enter your e-mail address here. We will u
mail-address for no other purpose.

Email address l ]

Unique Code [ l

Figure A.1.7: test I for students Page 7
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1273021, 11:20 AM Galley-proof base (EarlylndicatorsefSucces) 03.12.2021, 11:22

Page 14

Thank you for completing this survey!

If you have questions, feel free to contact us at:

aroobz.ageel@informatik.tu-chemnitz.de

marc.weiss@s2018.tu-chemnitz.de

Thank you for your participation!

Last Page

Thank you for completing this questionnaire!
We would like to thank you very much for helping us.

If you have questions, feel free to contact us at:
arooba.ageel@informatik.tu-chemnitz.de
marc.weiss@s52018.tu-chemnitz.de

Thank you for your participation!

Arooba Ageel, Marc Wei , Chemnitz University of Technology — 2020

Figure A.1.8: test 1 for students Page §
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A.2 Survey test 2 which included the questions about the pandemic, that how it affected their
study whether it laid a positive or negative effect.

07/04/2021 Variables Listing
Variables Listing

Questionnaire - internal data

Apart from your gquestions, will find in the data record additional variables, as far as you have not deactivated this
option when downloading data record.

CASE Serial number of the subject

REF Reference, if such has been provided in the link to the questionnaire

LASTPAGE Page number of the questionnaire that has been edited and sent last

QUESTNNR ID of the questionnaire that has been edited

MODE Information if the questionnaire has been started by pretest or by a project member
STARTED Time the interviewee opened the questionnaire

FINISHED Information if the questionnaire has been completed up to the last page

TIME_001... Time that an interviewee has spend on a questionnaire page

Please note that you can not read the internal variables of the guestionnaire with the function value(). For interview
number and reference there are the PHP functions [§5] PHP function caseMNumber() and 5] PHP function reference()

Details about additional variables can be find in the manual: EE| Additional Variables in the Data Set

Section PD: general

[PD07] Selection
PassedExam
“Did you successfully pass your exam?”

PDO7 PassedExam
1=Yes
2=No
3 = Dont knows { Dont have the Result yet
-9 = Not answered

[PD14] Text Input
UniqueCode

PD14_01 [01]
Free text

[PD16] Text Input

Note

“Could you tell us your grade?”
PD16_01 [01]

Free text

Section WI: Notes

Section ST: study specific
[ST01] Selection
precourse
“Did you artend to the precoursefs of the university? (Such as the Math or Computer Science precourse)”
STO1 precourse
1=Yes
2=No
-9 = Not answered

[ST02] Selection
lermraum
“Did you use the learning room (Lemraum) of the faculty?”

STO3 lemraum
1l=Yes
2=No
-9 = Not answered

Figure A.2.1: Survey questions for students in test 2
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07/04/2021 Variables Listing

[ST02] Selecticn
precourse helpful
“Did you find the Precourse helpful n passing the exam?”

ST02 precourse helpful
1=Yes
2=No
-9 = Not answered

[ST04] Selection
lernraum helpful
"“Did you find the learning room ("Lernraum®) helpful in passing the exam?”

ST04 lemraum helpful
1=Yes
2=No
-9 = Not answered

[ST05] Text Input
lernraum how often
“How often did you use the learning room ("Lernraum”)?”

ST05_01[01]
Free text

[ST06] Selection
group
“Were you part of a learning group?”

STO6 group
1=Yes
2=No
-9 = Not answered

[STO07] Selection
groupSize
"How many pecple (you included) were in this group?”

STO7 groupSize
1=2Persons
2 =3 Persons
3 =4 Persons
4 =35 Persons
5 =5 or more Persons
-9 = Not answered

[ST08] Text Input
groupMeeting
“How did you meet and communicate as a group during the semester?”

ST08_01[01]
Free text

[ST09] Selecticn
tutorial
"Did you use the tutorial or other *offers* of the coursa?”

STO9 tutorial
1=Yes
2=No
3 = There where no such offers
-9 = Not answered

[ST10] Selecticn
selfLeamingMaterial
"Did you use selfiearning material provied by the course?”

ST10 selfLearningMaterial
1=Yes
2=No
3 = There where no such offers
-9 = Not answered

Figure A.2.2: Survey questions for students in test 2



07/04/2021 Variables Listing

[ST11] Text Input
CourseTime
“Overall, how many hours per week did you inwest for the course?”

STI11_01[01]
Free text

[ST12] Text Input
ExamTime
“Overall, how many hours did you invest in preperation for the exam?”

ST12 01[01]
Free text

[ST13] Selecticn
futherGropu
“Do you plan on further doing learning groups?”

ST13 futherGropu
1=Yes
2=No
-9 = Not answered

[ST14] Text Input
futherGroupWhy
“Why or why not?”

ST14_01[01]
Free text

[ST15] Text Input
precourseFreeText

“Why or why not?”

ST15_01[01]
Free text

[ST16] Text Input
precoursehelpfulFreeText

“Why or why not?”

ST16_01[01]
Free text

[ST17] Text Input
lemraumFreeText

“Why or why not?”

ST17_01[01]
Free text

[ST19] Text Input
GroupText

“Why or why not?”

ST19 01[01]
Free text

[ST20] Text Input
TutorialText
“Why or why not?”

ST20_01[01]
Free text

[ST21] Text Input
selflearningText

“Why or why not?”

ST21_01[01]
Free text

Figure A.2.3: Survey questions for students in test 2



07/04/2021 Variables Listing

[ST1B] Text Input
lemraumhelpfulFreeText
“Why or why not?”

ST18_01[01]
Free text

Section CR: Corona

[CR01] Selecton
room
“Do you have a room in which you can learn alone?"

CRO01 room
1=Yes
2=No
-9 = Not answered

[CR02] Selecton
parents
"Do you currently live with your parents?”

CRO02 parents
1=Yes
2=No
-9 = Not answered

[CR03] Selection
town
"Do you live in the same town or near where your university is?”

CRO3 town
1=Yes
2=No
-9 = Not answered

[CRO4] Text Input
KM
“How many Kilometers away do you live fram your university town?”

CR04_01[01]
Free text

[CR05] Scale (fully labeled)
influence
"Overall, how has the pandemic influenced your study?”

CRO05_01 [No Description] 01
1 = Negative influence
2 = Slightly negative influnce
3 =Noinfluence
4 = Slhightly positive influence
5 = Positive influence
-9 = Not answered

[CRO6] Text Input
influence why
“Why?"

CR06_01[01]
Free text

Figure A.2.4: Survey questions for students in test 2
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Conclusion

I confirm that I have independently prepared my thesis and all the required information which I
took from research papers and all the other help I have mentioned in my thesis.

Chemnitz, 5.12.2021

76



