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ABSTRACT

When programming, students often stumble across typical syntax errors such as forgetting the
semicolon at the end of a command, the curly bracket at the end of a block, or run-time errors
such as null reference exceptions. The compilation errors are often difficult to understand, or
the error misleadingly points to the next (e.g., forgotten semicolon) or last line (e.g., forgotten
closing brackets). This thesis aims to determine typical learner errors using a series of tasks
and write an extension for an online Kotlin programming environment, supporting the students
in finding and correcting errors independently. Based on the typical errors from literature and
the errors found in the material-testing group, the standard compilation error messages are
supplemented by user-oriented error messages. Those consist of up to a user-oriented prob-
lem formulation, a solution hint, a typical example, a link to the relevant point in the manual,
and an exact location display. The effect of the error extension is determined with the control
group design based on quantitative (solution time, number of attempts until solved) and quali-

tative measured values (feedback guestionnaire) in comparison between the test and control

group.



ZUSAMMENFASSUNG

Beim Programmieren stolpern Studenten oft Uber typische Syntaxfehler wie das Vergessen
des Strichpunktes am Ende eines Befehls, die geschwungenen Klammern am Ende eines
Blocks oder Laufzeitfehler wie Null-Referenz-Fehler. Die Kompilierungsfehlermeldungen sind
oft schwer zu verstehen oder die Fehlermeldung weist falschlicherweise auf die nachste (z.B.:
Semikolon vergessen) oder letzte Zeile (z.B.: schlieRende Klammer vergessen) hin. Diese Ar-
beit zielt darauf ab, anhand einer Reihe von Aufgaben typische Lernfehler zu ermitteln und
eine Erweiterung fur eine Online-Kotlin-Programmierumgebung zu schreiben, die die Studie-
renden dabei unterstutzt, Fehler selbststéandig zu finden und zu beheben. Ausgehend von den
typischen Fehlern aus der Literatur und den gefundenen Fehlern in der Materialpriifungs-
gruppe werden die Standardfehlermeldungen um anwenderorientierte Fehlermeldungen er-
ganzt. Diese bestehen aus einer anwenderorientierten Problembeschreibung, einem Ldsungs-
hinweis, einem typischen Beispiel, einem Link zur entsprechenden Stelle im Handbuch und
einer genauen Fehlerpositionsanzeige. Der Effekt der Fehlermeldungserweiterung wird mit
dem Kontrollgruppendesign anhand quantitativer (Lésungszeit, Anzahl der Versuche bis zur
Lésung) und gqualitativer Messwerte (Feedback-Fragebogen) im Vergleich zwischen Test- und

Kontrollgruppe ermittelt.
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Introduction

1 INTRODUCTION

A central part of this work is developing a tool to support the handling of errors when learning
to program. To this end, an extension is being implemented for the Kotlin programming lan-
guage. Kotlin is a modern, concise, and safe programming language?, first released 20162.
Every time a student presses "Execute", the entire code and the compilation errors should be
saved to see which errors the students make along the way. The compilation errors are inter-
cepted for logging into a database. In the test group, the error messages that are difficult for
students to understand should also be translated into more easily understandable error mes-
sages at this point. This translation is intended to make the error message easier to understand
by providing additional explanations about the error, its typical causes, and tips for solving the
problem. If the type of syntax error allows this, a typical example or a link to the manual is also
given. The purpose, however, is not to replace the standard error message but to assist with
explanations and highlight the critical information in the error message because the students
should then be able to interpret the error message without this assistance and not be depend-
ent on it. In the end it is evaluated what influence the compilation error translation has on the
learning progress and the students' independence.

1 https://kotlinlang.org/
2 https://blog.jetbrains.com/kotlin/2016/02/kotlin-1-0-released-pragmatic-language-for-jvm-and-android/

6



Research gquestions

2 RESEARCH QUESTIONS

The research questions that this thesis aims to answer:

1.

Is Kotlin (as a potential successor of Java) better suited in preventing typical
student errors? Are the compilation error messages already improved in terms
of understandability compared to Java?

A comparison of typical student errors of Java (Section 4) found in the Literature (Sec-
tion 3) and a questionnaire survey (Section 7.1) was carried out to answer this question.
Can user-oriented error messages support students in solving compilation er-
rors in less time and tries?

User-oriented error messages are understood as a formulation of the error messages
from the perspective of the students. Custom user-oriented error messages are devel-
oped and compared to the standard error message given by the Kotlin compiler. The
user-oriented error messages consist of a subset of the following components (what
makes sense and is possible for each type of error): User-oriented problem description,
Solution tips, Examples, Link to the manual, Problem location. Since the user-oriented
error messages are longer than the standard error messages, it was expected before
doing this study that students would take longer (at least for the first few encounters)
to solve an error. In exchange, it was expected that students would need fewer tries to

solve an error message due to the increased understanding of the error message.
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3 RELATED WORK

To the best of my knowledge, this is the first work concerning the comprehensibility of error
messages for novice student programmers for the programming language Kotlin. Therefore,
primarily state of the art for the language Java is described, the most similar and ancestor
language for Kotlin.

Compilers translate human-readable program lines into computer-executable instructions.
However, they only "understand" a clearly defined syntax dependent on the programming lan-
guage, and if there are any deviations, they will throw a syntax error. According to Traver
(2010), these syntax error messages are written from the compiler's point of view and describe
at which step of the compilation which error occurred rather than explaining what could have
caused the error or what programmer's mistake could have caused the error. Also, since pro-
grammers (especially students) have no insight into the inner functionality of compilers, the
error messages of the compiler can appear cryptic and unhelpful for finding and solving the
syntax error.

According to Nienaltowski, Pedroni, & Meyer (2008), novice programmers are most affected
by compiler-centric written error messages among student programmers. Traver (2010) means
this is problematic since error messages also influence the programmer's mental model of
computing. In contrast to helpful error messages, which help correct the error and help develop
those learning models, cryptic error messages hinder the development of those learning mod-
els. To still try to solve the error, newbies to programming tend to make random code changes
in the hope of solving the bug, as observed by Rodrigo & Baker (2009). When random changes
do not fix the errors or even produce more errors, the programmers' frustration increases,
primarily if students treat these errors as personal failures (Fitzgerald et al., 2008).

Kadekar, Sohoni, & Craig (2019) examined the influence of the type of error message using
an assembly language called the Progressive Learning Platform Instruction Set Architecture
(PLPISA). They developed three types of error messages: Default, Link, and Example. The
Default error message provides an assembler-centric single line error message. Link is a pro-
gram-centric detailed error description with a hyperlink for more information. The Example er-
ror message type also provides a program-centric detailed error description but with a relevant
example. The students' knowledge models were captured using a think-aloud programming
exercise. They concluded that the Link type of error message helped fix the error in less time
and fewer steps. In contrast, giving a relevant example may lead to confusion among student
programmers.

Nienaltowski et al. (2008) also studied three types of error message representations: short-
form, visual-form, and long-form. They found out that providing more information in the error

message does not necessarily lead to more correct answers. Their study also showed that
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giving more information in the error message does not reduce the response time. Nienaltowski
et al. (2008) also concluded that providing additional information in a long-form message does
not seem to aid message comprehension or help identify the error faster or better. So, making
compilation error messages longer to include additional information does not significantly ben-
efit novice programmers, and one must look elsewhere. The presented approach is different
from the approach of Nienaltowski et al. (2008), as the user-oriented error messages contain
the information of the standard error message in a more student-understandable way, instead
of just providing more information in a compiler-centric manner. Furthermore, they provide
typical solution hint that a teacher would give its students,
Karam, Awa, Carbone, & Dargham (2010) argue that the compiler's error messages are diffi-
cult to interpret for novice student programmers. They give some examples for those mislead-
ing error messages:
"For example, placing a semicolon after the parenthesis that defines the "if* condition
is a syntax error that is detected by a Java compiler; however, its generated message
"else without if" does not hecessarily point the student in the direction needed to fix the
error. Placing a semicolon after the parenthesis that defines the for or while loop con-
dition does not generate error messages but renders the true blocks of the bodies of
the for and the while loops inaccessible." (Karam et al., 2010)
Karam et al. (2010) use the parser generator ANTLR (Another Tool for Language Recognition)
("ANTLR Parser Generator," n.d.) to locate and identify syntax errors. With a Typical Error
Library (TEL) they identify which error message should be shown. The TEL contains syntax
sub-trees representing either compile-time or run-time errors that a beginner programmer can
make. Their library includes the following set of common mistakes that are more likely to be
unintentionally made by inexperienced students:
# Error

= versus ==
== versus .equals (Faulty string comparisons)

Mismatching, miscounting and/or misuse of {}, [], (), “”, and *’

&& vs. & and || vs. |

Incorrect semicolon after an if selection structure

Incorrect semicolon after the for condition

The if statement or after the for or while repetition structure before the respective for
or while loop

Separating the initialization, testing and update clauses of a for structure with com-
mas or other punctuation in place of semicolons.

An if followed by a bracket instead of by a parenthesis.
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# Error

Inserting the condition of an if statement within brackets instead of parentheses.
Using keywords as method names or variable names

Forgetting parentheses after method call

Incorrect semicolon at the end of a method header

Leaving a space after a period when calling a specific method

>= and =<

[(&]

il Mistyping the header of the main method

—

able 3-1 The student mistakes identified by (Karam et al., 2010)

To measure how much time syntax errors take to be solved, they recorded when an error is
the first time detected as the starting time and kept looking for the following snapshot that does
not have the error (ending time). The difference between both is the time a student spent trying
to solve the error. The same metric is used in this thesis.

Qian & Lehman (2020) examined with a data-driven approach the common errors of Chinese
high school students using an automated assessment tool. They identified 15 common com-
pilation and six common test errors. Five underlying student difficulties were identified that

resulted in those errors. The 15 common compilation errors are:

No Error No. of students Frequency
Program name error 18/19 152
: expected 15/19 179
Reached end of file 15/19 93
Cannot find symbol 14/19 126
lllegal start of expression 11/19 69
n Class expected 11/19 65
Not a statement 11/19 43
n ) expected 10/19 84
n Incompatible types 9/19 37
Possible loss of precision 8/19 27
Identifier expected 7/19 57
Variable is already defined 7/19 26
Incorrect use of operators 6/19 63
lllegal start of type 6/19 38
lllegal character 6/19 17

—

able 3-2 Students® common Java compilation errors (Qian & Lehman, 2020)

From those common errors, they identified five underlying difficulties:
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1. Deficient knowledge of fundamental Java program structure: Seven of the com-
mon mistakes mentioned in Table 3-2 were related to students not understanding the
fundamental Java program structure.

2. Confusion about Java variables: The most common error in the study of (Qian &
Lehman, 2020) — cannot find symbol — falls under this difficulty. The difficulty is that
variables cannot be used without or before the declaration and cannot be declared
twice. Also, assigning values of different types than the declared type of the variable
and incorrect use of operators falls under this difficulty.

3. Misunderstandings of Java expressions: Compilation error related to incorrect us-
age of Java expressions like "illegal start of expression".

4. Missing required punctuation in the output: Automated tests mostly need exact
punctuation to pass, which students do not take so seriously.

5. Forgetting to consider special cases: Students often failed to consider boundary
conditions or special cases of the input data for their code.

Apart from those common errors, for non-English speakers, their English ability may also be a
significant predictor of their success in learning to program (Qian & Lehman, 2016). Bennedsen
& Caspersen (2005) found that students™ performance in math and science are important pre-
dictors of their coding performance.

Hristova, Misra, Rutter, & Mercuri (2003) conducted a survey of college professors, teaching
assistants, and students in Computer Science to identify relevant Java programming mistakes.
In combination with their own experiences as teaching assistants, they obtained a list of errors
and misconceptions. Out of 62 reported errors, they identified 20 errors they felt were essential
to the educational aspect of their project. Brown & Altadmri (2014) used 18 of the 20 errors
Hristova et al. (2003) identified as basis for their analysis (see Table 3-3). They excluded two
mistakes are "leaving a space after a period when calling a method" and "improper casting",
which they found not clearly enough described to operationalize. Brown & Altadmri (2014)
asked teachers to rank those 18 student mistakes on a scale based on their frequency. They
found that educators formed only a weak consensus about which mistakes are most frequent.
The educator's error frequency rating had only a moderate correspondence to the students in
the Blackbox dataset (Brown, Kélling, McCall, & Utting, 2014). The educators' experience did
not affect the level of agreement. This result shows that educators mostly do not know well
enough which errors their students are most likely to commit. Altadmri & Brown (2015) repli-
cated their previous study Brown & Altadmri (2014) and reviewed the timeline of the errors
students make over the timespan of a computer science course. They concluded that semantic
errors tend to increase in frequency later in the timespan of a course while syntax errors de-

crease, suggesting that semantic errors are a more serious challenge than syntax errors.
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Ahadi, Lister, Lal, & Hellas (2018) also based their study on Brown & Altadmri (2014) and
showed that while the research methodology and the data collection tools are the same, results
can differ solely due to how the course is conducted.

R
Confusing = wit

Mismatched {},[], (), “”, and *’

Confusing & with && or | with ||

Incorrect semicolon after if, for, while statement

Wrong separator in for loops

Brackets around an if condition instead of parenthesis

Using reserved keywords as method/variable names

Forgetting parentheses when calling methods

Incorrect semicolon after method header

Less-than / greater-than operators wrong, e.g., =<

Syntax
U r XN « I @G Mmoo

Including types in method invocation

| Calling method with wrong argument types

Type

Type mismatch when assigning method result

Using == to compare strings

Q
B
M Invoking instance method as if it was static
N Ignore/discard method return value

O

Missing return statement

o
=
c
G
(S
)
»
S
[d)
<
=
O

Missing methods when implementing interface
Table 3-3 The 18 students mistakes reviewed by Brown & Altadmri (2014), Altadmri & Brown (2015)

and Ahadi et al. (2018) based on the 20 errors of Hristova et al. (2003). Two mistakes were excluded

and error M was altered, since it was described the wrong way around by Hristova et al. (2003).

Miller & Settle (2016) examined student syntax errors for the Python programming language
and concluded that students mainly had problems with the explicit use of the self-reference. In
Python, the self-reference must be included as a parameter of an instance method to access
a class instance variable, which 53% of students forgot.

In conclusion, previous research resulted in a similar list of most frequent student errors for the
Java programming language. Unfortunately, teachers mostly do not know well enough which
errors their students make. Students™ performance in math and science are significant predic-
tors of their coding performance. Ultimately, providing more detail in an error message does

not necessarily increase the students' understanding.

12
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4 PRE-ANALYSIS TYPICAL ERRORS

As this is (to the best of my knowledge) the first scientific work that examines the students'
typical compilation errors for the programming language Kotlin, an analysis of which typical
errors from other languages also exist in Kotlin will be done. The errors encountered in litera-

ture (described in the previous chapter) will be used as the basis.

4.1 Compilation errors that do not exists anymore
in Kotlin.

4.1.1 ==versus equals

Both Hristova et al. (2003) and Karam et al. (2010) reported as frequent Java mistake the

confusion of the reference comparison operator == with the content comparison operator

equals for strings. In Java == is just true if both sides point to the same reference. In Kotlin,

== does the same as equals and === must be used to get reference comparison:

var name: String = "Alex"

if(name == "Alex") { name.equals("Alex")
printin("True")

} else {

println("False")
}

Qutput: True

4.1.2 Wrong separators in for loops

Separating the initialization, testing, and update clauses of a for structure with commas or
other punctuation in place of semicolons is a common student error in Java when working with
Array Indices (Karam et al., 2010) (Hristova et al., 2003).

int[] array = new int[]{1, 5, 3, 6, 8};

for (int 1 = 0, i < array.length, i++) {
System.out.println(array[i]);

}

In this example, ; was confused with , which resulted in three compilation errors:

java: ';' expected
java: > expected
java: illegal start of expression

13
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The designers of Kotlin did not see strong use cases for the for loops which could not be
supported in a more idiomatic way with range loops and higher-order functions on collections?.
Therefore, they did not implement a similar loop that could have those kinds of student errors.
Instead, one must use one of those foreach-loops on collections*:

val array = intArray0f(1, 5, 3, 6, 8);
for (value in array) {

printin(value)
}

for (1 in O until array.size) {
printin("${i}: ${array[i]}")
}

for (i in array.indices) A
printin("${i}: ${array[i]}")
}

for ((i, value) in array.withIndex()) {
printin("${i}: ${valuel}")
}

to archive the same effect.
4.1.3 Mistyping the header of the method main

Karam et al. (2010) reported that a frequent student error is mistyping the header of the main
function public static void main(String[] args). In Kotlin this is barely possible

anymore due to the reduced syntax: fun main().

4.2 Compilation errors that persist in Kotlin, but the
error message got improved

42.1 =versus ==

Both Hristova et al. (2003) and Karam et al. (2010) reported as frequent Java mistake the
confusion of the assignment operator = and the comparison operator ==. This can lead to

accidental reassignment in conditional expressions:

boolean x = false;

if(x = true) {
System.out.println(x);

}

3 https://discuss.kotlinlang.org/t/for-loop-with-dynamic-condition/57/9
4 https://kotlinlang.org/docs/control-flow.html#for-loops

14
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If the right side of the assignment is not a Boolean expression (example below), the compiler

is also complaining:

java: incompatible types: int cannot be converted to boolean

var x = 1

if(x = 1) {
println("Test");

}

In Kotlin, this error persists, but the compilation error is more specific to the source of the

problem:

Kotlin: Assignments are not expressions, and only expressions are
allowed in this context.

(131

4.2.2 Mismatching, miscounting and/or misuse of { }, [, (), “

and ss"

Unbalanced parentheses, brackets, square brackets, and quotation marks, or

using these different symbols interchangeably is a typical student error in Java (Hristova et al.,
2003) and persists in Kotlin. Only languages like Python that rely on indentation instead of {
} to define the content of a block (e.g., if, else, for, while) do not have this issue for curly
brackets { }. However, they still have this issue for rectangular [ ] brackets, parenthesis (
), and quotation marks ""and ' ‘. Although this issue was not solved with Kotlin, the error

messages were improved compared to Java:

java: reached end of file while parsing

In Java, students just get a generic parse error, while in Kotlin they get the information which

symbol is "missing™:

Kotlin: Expecting'}'

4.2.3 Anif followed by a bracket instead of by a parenthesis

Inserting the condition of an if statement within brackets instead of parentheses
if {y == 1} { F

gives the following errors in Java:

15
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java: '(' expected
java: not a statement
java: ';' expected

In Kotlin the error messages are:

Kotlin: Expecting a condition in parentheses' (...)'

Kotlin: 'if' must have both main and 'else' branches if used as an
expression

Kotlin: Expression 'if {x == 1}' of type 'Unit' cannot be invoked
as a function. The function 'invoke()' is not found

While the first error message more clearly explains the issue, the other two might confuse the

students.
4.2.4 Forgotten parentheses after the method call

When a method is called, it is always followed by parentheses, sometimes with arguments in
them.
fun main() A{
sayHello
}

fun sayHello() A{
println("Hello")
}

The error message is hard to understand in Java:

java: not a statement

which is better in Kotlin:

Kotlin: Function invocation 'sayHello()' expected

4.3 Compilation errors that persist in Kotlin and the
error messages are as confusing as in Java

431 &&vs.&and]||vs.|

Confusing “short-circuit” evaluators (&& and ||) with conventional logical
operators (& and |) is also a typical student error. Depending on the value of the first condition,
"short-circuit" evaluators may ignore the second condition. This can cause problems if the user

relies on the second condition being evaluated (Hristova et al., 2003). This issue still exists in

16
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Kotlin. However, Java's & and | are in Kotlin the infix® functions and and or, which might not
be so easily confused with its "short-circuit" variants. Unfortunately, the errors if students at-

temptto use & or | (e.g., if (true & false)) are rather confusing:

Kotlin: Expecting')
Kotlin: Expecting an expression

Kotlin: Unexpected tokens (use ';' to separate expressions on the
same line)

4.3.2 Incorrect semicolon after condition

Inserting a semicolon after the parentheses defining 1f, for, or while condition results in the
program's doing nothing when the if condition is true, or for the duration of the loop. This is
valid code but generally undesirable and often inadvertently done by beginning programmers
(Hristova et al., 2003). In Kotlin, semicolons are optional and just required as command-sepa-
rators when placing multiple commands in one line. Therefore, the effect of placing a semicolon
after an if condition is the same in Kotlin as in Java: The content of the block gets skipped.

var x = 1

if(x == 1); {
println("Hallo")

}

4.3.3 Using keywords as method or variable names

There are 50 keywords in Java that cannot be used outside of their given purpose. That means
that programmer-defined functions and new variables cannot have keywords as their names
(Hristova et al., 2003). The error messages are similar confusing in both languages:

int for = 1;

java: not a statement

val for = 1

Kotlin: Expecting property name or receiver type

5 Infix means that instead of writing isValid.and(isTouched), one could write isValid and
isTouched (isvalid and isTouched are boolean variables/expressions).

17
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4.3.4 Invoking methods with wrong arguments

The types of the arguments in a method call must match the types of the arguments in that
method's definition. For the same example in Java and Kotlin (just Kotlin variant shown), the
error messages are similar in the understandability:

fun main() {
val x: Int =1
test(x)

}

fun test(x: String) {
println(x)
}

java: incompatible types: int cannot be converted to
java.lang.String

Kotlin: Type mismatch: inferred type is Int but String was expected

4.3.5 Incorrect semicolon at the end of a method header

There should never be a semicolon at the end of a method header (the first line of a method
definition) if not inside an abstract class or interface.
fun main() {
sayHello()
}

fun sayHello(); {
println("Hello")
}

In Java, this produces an error message that hints at a missing body:

java: missing method body, or declare abstract

A similar error is shown in Kotlin (the second error message) but also two other confusing ones
are shown:

Kotlin: Expecting a top level declaration
Kotlin: Function 'sayHello' must have a body
Kotlin: Function declaration must have a name

Neither of both languages points out that a semicolon needs to be removed to fix the issue.
This might leave students wondering why the compiler complains about a missing method

body, since the content inside the curly brackets is due to the semicolon no recognized as

18
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content of the defined method. Instead, the compiler thinks it's the content of another method

where the method header declaration was forgotten.

4.3.6 >=and=<

The equal sign in a greater than or equal (or less than or equal) comparison operator always
follows the greater than sign (or less than sign) (Hristova et al., 2003): <=, >=. If the order is
exchanged, e.g.:

if(x =< 1)

, the error messages are misleading in Java as well as in Kotlin:

java: illegal start of type
java: ';' expected

Kotlin: Expecting an element

Kotlin: Expecting')

Kotlin: Unexpected tokens (use ';' to separate expressions on the
same line)

4.4 Summary

For about half of the students' compilation errors found by Hristova et al. (2003) and Karam et
al. (2010), the developers of Kotlin did get rid of by the language's design or improved the
understandability of the error messages. For the rest, the compilation error messages are sim-
ilar confusing as in Java. Therefore, Kotlin makes the life of students and teachers easier and
a better choice than Java concerning the handling of compilation errors. However, other factors
also need to be considered when choosing which programming language to teach students,
e.g., pre-knowledge of the students, planned application area, programming languages

knowledge of the teacher, job offers, etc.
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5 COURSE MATERIALS DEVELOPMENT

The topics and exercises are summarized in this section, to give the reader an overview of the
course material. The entire course material (in German) and scripts are provided as Git repos-

itory®.

5.1 Basics

To introduce students to Kotlin, print and println were explained, and students were

asked to do the following exercises:

e Print Hello + your name on the screen

e Print the result of a calculation.

5.2 Variables

The keyword var and the data types String, Int and Double were introduced. It was de-
cided to leave out the read-only variable variant va'l to not confuse the students. The students

were asked to do the following exercise:

e Calculate the addition of the variables a and b, store the result in a variable and print
it.

5.3 Branches

The concept of if-else branches was explained and the syntax of the comparison operators ==,
1=, >, >=, <, <= and the logical operators &&, | | were introduced. The students were asked

to do the following exercises:

e Check if the password entered matches "secret". If it matches, print "Logged it", else
"Wrong password".

e Finish the program "Rock-Paper-Scissors". The logic to enter the player's and comput-
er's choices was provided, the students had to program the Win-, Lose-, Draw-Condi-

tions and -Outputs.

6 https://github.com/mpointner/UniWienMasterThesisMaterial
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5.4 Repetitions

The for loop with start .. end (including end), start until end (excluding end) and
start downTo end (including end) Sequence were introduced. The students were asked to

do the following exercises:

o Happy New Year countdown: Count down from 10 to 0 and then print the provided
firework Ascii image.

e Multiplication table: Print the multiplications table (first ten rows and colums) using
nested for loops.

5.5 Functions

Functions were introduced as a way of structuring a program. The examples sayHello, max
of two numbers, sum of three number, and faculty were provided, and the students

were asked to program two functions:

e Write a function that gets the original price, discounts the percentage passed, and re-
turns the discount price.

e Write a function that calculates the number of glasses/bottles of your favorite beverage
that you can consume in a bar with the money in your wallet. Furthermore, an entrance
fee must be subtracted in the calculation. The function receives the budget, entrance
fee, and beverage price as parameters and returns the number of consumable units of

the beverage.

5.6 Arrays

A bonus section about arrays was included to handle the students’ different speeds and allow
faster students to learn something extra instead of being bored when finished. The concept

and syntax of arrays was explained, and two exercises were given:

e Bubble Sort: The students were asked to program the "Bubble Sort" sorting algorithm.
The "Swap"-Technigue (exchanging two array entries with the help of a third temporary
variable) and tips on how to program it were given.

e TikTakToe: In the exercise, the students had to write the Win/Lose/Tie-Checks of 3x3
Board Game after each turn of the player/computer to complete the Game. The graph-

ical user interface was already provided.
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6 IMPLEMENTATION OF TEACHING UNITS
6.1 Testrun

Since the teaching materials and exercises were untested, a test run was conducted in a third
class that was not part of the evaluation. This test run had the purpose of testing the material,
finding poorly explained or misleading descriptions/explanations in the course material, and
improve those parts for the actual evaluation groups.

6.1.1 Preparation

As preparation for the test run, a zip archive containing a modified IntelliJ Community, JDK
(Java Development Kit), a portable Git, and SSH Keys was provided for the students to down-
load. The source code of the software IntelliJ Community was modified such that compilation
errors are logged into a CSV (Comma-separated values) file. Furthermore, the possibility to
extend the standard compilation error messages with further custom explanations was added

(see Figure 6-1).

s Event Log 4, Build

:5 CRLF UTF-8 4spac

Figure 6-1 IntelliJ modified to contain custom error messages.

A shell script was included to check out the learning lessons from a Git repository, copy a set
of included RSA Keys (needed to push back on the Git repository), and start the IDEA. Since
Shell is not installed by default on windows, a Batch script was included that runs the shell
script with the portable shell instance included in the portable Git instance. Unfortunately, | did

not get the IntelliJ build and shell script for Linux and Macintosh running. Therefore, since two
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students had a Macintosh operating system instead of Windows, | had to improvise in the
lesson. | asked them to download IntelliJ and Git from the official websites and manually clone
the repository. All students were asked to download the Zip Archive in advance of the lesson,
which all of them did. However, the automatic checkout of the repository and starting of IntelliJ
did not work on most students’™ computers. For two students, the script failed while checking
out the repository due to authentication issues (SSH Keys have been included in the Zip Down-
load). One student could not unzip the ZIP (The result was an empty folder), and for another
student, the antivirus program blocked the execution of the program. Just for one student, the
automated startup process worked as tested in advance of the lesson. The issues on the stu-

dents' devices could not or just partly be fixed within the lesson.
6.1.2 Switching to an online IDE

Exercise: Hello + your name

Print Hello + your Name on the screen, e.g.:

Hello Thomas

Remember to use print() or println() like the previous examples.

fun main() { | 4
[ ] printIn{“Hello Thomas")
}

@ Unresolved reference: printIn
Problem: 'printIn' is unknown.
Solution hint: If 'printIn' should be a
- command, have you mistyped it? Check similar letters, correct upper/lower-case.
- variable, have you forgotten to declare the variable?

- class, have you forgotten to impert it?
Location: Line 215:4-11: printIn("Hello Thomas™)

Figure 6-2 Kotlin Playground Online Script Editor, embedded between the explanations.

To fix the occurred issues in the test run for the second lesson of this class and prevent those
issues from occurring in the test and control group, a different setup for the experiment was
needed. The solution was found in switching to using Kotlin Playground’, an online IDE. The
descriptions were converted from Markdown to HTML and put on a public website for students
to access, alongside the exercises packed into a Kotlin Playground IDE (see Figure 6-2).

The source code of the Kotlin Playground script was modified such that the students' code and
the compilation errors/output are sent to a server endpoint for logging purposes on each code
compilation and execution. Session cookies are used to identify the students (with a random
identifier string) and their belonging group. It was desired that the cookies should remain saved

in each student's browser over all three lessons such that the development over all three

7 https://play.kotlinlang.org/, Repository: https://github.com/JetBrains/kotlin-playground
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lessons can be analyzed. Despite correct server configuration in my influence range, this did
not work as expected, and the cookies got lost from one week to the next. For grading pur-
poses, the end code state of each exercise was sent with the student's name independently
from the analysis data. This separation was needed to ensure the logged analysis data was
anonymous. However, thanks to these grading hand-ins, the relationship between the logging
of each week could be reconstructed. By comparing the anonymized grading hand-ins with the
latest log of each task, session, and week, the inter-lesson-relationship between the session
ids could be reconstructed with high confidence. It was highly taken care that the anonymity of

the logging data is not compromised with this process.

You have great problem solving skills! :)

To better understand which error messages helped you to resolve the errors, please answer a few questions about the error
messages you just received.

Which of the following error messages helped you most in solving the problem (choose at least 1):

Unresolved reference: printin
Problem: 'printin’ is unknown.
Solution hint: If ‘printIn’ should be a
- command, have you mistyped it? Check similar letters, correct upper/lower-case.
- variable, have you forgotten to declare the variable?
- class, have you forgotten to import it?
Location: Line 215:1-8: printIn(“Hallo Christian®)

Expecting '}’

~ Problem: A '} is expected at this location.

u Solution hint: Add a }' to fix the problem.
Location: Line 215:26-27: printIn("Hallo Christian)

‘ Submit ‘

Figure 6-3 Dialog to ask students which error message helped them to solve the compilation failure.
Shown are all error messages (duplicates removed) from the first run that did not compile to the first run

where all compilation errors were solved.

The students' agreements for the analysis were collected at the beginning of the lesson. The
students were asked to state which of the error messages they have seen helped them solve
the compilation failure to get insight into which error messages helped the most. This was done
by giving the students a uniquified checkbox list of all the error messages they have seen, of

which they were asked to check at least one (see Figure 6-3).
6.1.3 Findings

The main occurring problem was that some students did not understand that they had to use
the previously described print or println function to do the first exercise. The first exercise
was to print Hallo + your name, which they tried literally by adding this combination to

various locations of the given empty main function:
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fun main(Hallo + vicki) {
// Hallo + vicki

hy

This issue was fixed by adding a hint right before the exercise.

6.2 Development of mappings

Based on the most common errors in the test run, 38 mappings were developed to be displayed
for the test group. Since this work, to the best of my knowledge, is the first concerning user-
oriented error messages for the programming language Kotlin, the error messages had to be
developed without any previous work to base them on. This also means that the user-oriented
error messages' quality assurance is only based on my own programming and teaching expe-
rience, and they are not empirically tested. Depending on what makes sense for each type of
error, up to five different parts were developed for each error message. The full list of mappings

is included in the Appendix.
6.2.1 Problem

A user-oriented problem description that explains the problem in a student-understandable

language, e.qg.:

You are defining the parameter/variable '$1' but never use it.

6.2.2 Hint

The hints are solution tips that teachers would give their students if they only knew the error

message without seeing the whole code.

If '$1' should be a

- command, have you mistyped it? Check similar letters, correct up-
per/lower-case.

- variable, have you forgotten to declare the variable?

- class, have you forgotten to import it?
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6.2.3 Example

The example demonstrates in a minimal similar code what the problem is, e.g., for repeated

variable declaration:

var a = 1
var a = 2 // Cannot be named the same
6.2.4 Link

Link to the manual to read up more about the error's topic, e.g., how to use lambdas:

https://kotlinlang.org/docs/reference/lambdas.html. This should help in cases where the prob-

lem is too complex to explain in the other error message parts, and the students are best

supported by providing them resources to look up.

6.2.5 Location

Since the list of errors can be confusing to students and they might not know which line to
touch to fix the error, the location error part shows a copy of that line with the character range

of the error underlined, e.g.:

Line 216:1-8: printIn("Hello World")

6.3 Test/Control-group run

After fixing the software and explanation issues in the test run, the preparation for the test/con-
trol group runs was done. For the test and control group, two school classes with 11 students
each were available. At first, it was decided to use class 1 as the control group and class 2 as
the test group. However, as it turned out in week one that the diversity between both classes
is likely to distort the results. Class 2 had a different teacher in the previous year, and on
average a lower pre-knowledge according to my subjective observation in the lessons. While
the students of group 1 were quite similar in their performance, two students of group 2 were
low in performance, and one was quite advanced. To reduce the influence of the performance
differences between those classes, their role was switched in week 2. The third week was to
ensure also the slowest student could complete all exercises. For the faster students, two bo-
nus exercises were provided. In Table 6-1, the group assignments and the number of hand-
ins are shown. Since the lessons were performed in an online setup over the videoconferenc-

ing tool Microsoft Teams, it was challenging to accomplish that all students were present,
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actively participated, filled out the questionnaire, and handed in their finished exercises. Unlike
in a classroom setting, one could hardly enforce "Nobody leaves the room before handing in
their exercise". This reflects in the difference between the number of hand-ins for each type
(see Table 6-1). The questionnaire had to be split into two parts for class 1 because two ques-
tions concerned the user-oriented error messages and could not be asked when class 1 par-
ticipated as the control group. Unfortunately, different to 7 participants in the first week, only 3
students participated in the second part of the questionnaire. Last week, the hand-ins were
also lower because not all students participated in the voluntary bonus exercises or decided

not to participate in this last lecture before Christmas.

I T N

Group assignment Control Test Test
‘_| . .
7 Logging Hand-ins 10 10 7
(‘_j Grading Hand-ins 8 7 6
Questionnaire Hand-ins 7 (Part 1) 3 (Part 2)
Group assignment Test Control Control
N . .
0 Logging Hand-ins 12 11 3
8 Grading Hand-ins 9 10 1
Questionnaire Hand-ins 11

Table 6-1 Group assignments in test/control group and amount of hand-ins

6.4 Lesson protocol

The section is to document noteworthy occurrences, students' presences, and the teachers'

interventions (e.g., to help students).

Lesson 1 (Week 1, Class 1)

In the first lesson, there were some issues with the Kotlin Playground editor not being rendered,
which could be solved by refreshing the page. Since the students did not know yet that in
programming, they had to use a point as the decimal point separator, the were some issues in
the first exercise where they had to write numbers. However, those issues could quickly be
solved by making an announcement in the class's video conference to prevent further students

from stumbling over this problem.

Lesson 2 (Week 1, Class 2)

In class 2, two students needed special attendance since they had problems understanding

the variables topic. One student did not understand that if-else chaining is the short form of
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putting another if-else into the else block of an if-else. Here was helped by explaining the topic

more in detail to that one student.

Lesson 3 (Week 2, Class 1)

In this lesson, one student finished early with the last exercise. | investigated his handed-in
exercise and noticed some advanced coding paradigms in his submission. This code included
Generics and Boolean flags, two topics that were not covered in the lessons. A quick online
search revealed that the student copied the code from an online code example. The student

was confronted and given the opportunity to hand in the exercise again in a self-written form.

Lesson 4 (Week 2, Class 2)

In this lesson, one student did not understand that he could encapsulate one loop in another
loop. Two students asked back what they had to do in the shopping exercise.

Lesson 5 (Week 3, Class 1)

The last lesson in both classes was intended to ensure all students finish with all required
exercises for this thesis. Two bonus exercises were provided to keep the fast ones busy. How-
ever, since it was the last lesson before Christmas in both classes, some students did not
participate. Just a few participated, and one student requested help in one of the bonus exer-

cises.

Lesson 6 (Week 3, Class 2)

In this lesson, just three students participated, and no questions were asked/help requested.
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{ ANALYSIS

7.1 Qualitative analysis

Before looking at measurements, the questionnaire results will be analyzed that were an-
swered by the students after the first/second lesson (see Table 6-1). This should help under-
stand possible causes for the results. The questionnaire consisted of 6 questions, of which
four were single-choice, one multiple-choice, and one open question. For the single-choice
guestions, an "other"-option was given if none of the available options matched.

How did you find Kotlin compared to previously learned
programming languages?
About the same to learn from the difficulty

I
B Or 10 | ar N

Group 2
More difficult to learn P
Kotlin is my first programming language = Group 1
Other
0 1 2 3 4 5

Number of students that ticked this option

Figure 7-1 Kotlin compared to the previously learned programming languages of the student.

At first, to the best of my knowledge, this is the first study that examines student errors for the
programming language Kotlin. Therefore, the students were asked how difficult they found
learning the programming language Kotlin (see Figure 7-1). The students were not asked
which previous programming language they are comparing. However, from their teacher |
know, that they previously learned C#. Most students (8) found that Kotlin was equally
tricky/easy to learn than their previously learned programming language(s). Double as many
students (6) found that Kotlin was easier to learn than found that it was harder to learn (3). One
student stated that Kotlin is his/her first programming language. It is hard to verify why this
student, different from the rest of the class, has not learned any previous programming lan-
guage. Maybe that student switched school in the middle of the school year or was sick for a
longer time when the rest of the class learned C#. When comparing the two groups, group 1
found Kotlin easier to learn (no one found it more difficult), while in group 2, more students
found it more difficult than easier to learn.

Most students found the course material "was basically ok, but there are explanatory gaps in
afew places"” (see Figure 7-2). This is not surprising to me since Kaotlin is a rather new language
with hardly any course material available online and therefore, the material had to be devel-
oped from scratch. It usually takes a few iterations for a teacher to find and fill all explanatory

gaps in the course material. Only one iteration (as explained in Section 6.1) was possible to
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identify and erase explanatory gaps in this setting. Three students found the difficulty perfectly
fitting. Just one student responded that the course material was too difficult. The one "Other"-

answer was "It was OK. If you did not know something, you could ask."

The Kotlin course (description + examples) ...

was basically ok, but there are explanatory
gapsin afew places

fit perfectly in terms of difficulty L
|
|

1

Other
B Group 2
was too difficult for me, | didn't know my way

around in many places B Group 1

was too easy for me

0 1 2 3 4 5 6 7 8 9
Number of students that ticked this option

Figure 7-2 Quality of the Kotlin lessons

Which statement applies to you regarding the error
messages?

The error messages were understandable to
me and helped me solve the problem

| didn't understand the error messages
(mostly).

| preferred to solve the errors by trying
around.

The error messages were (mostly) too long to

read for me H Group 2

The error messages were not detailed enough
for me B Group 1

l

| solved bugs in my code without reading /
using the error messages.

Other

0 1 2 3 4
Number of students that ticked this option

Figure 7-3 Which statement applies to you regarding the error messages?

Regarding the error messages, students were asked how helpful the error messages were.
The same number of students ticked the option "The error messages were understandable to
me and helped me solve the problem" as ticked "I didn't understand the error messages
(mostly)". This might have to do with the language barrier since the students native language
was German, and the error messages were written in their first foreign language English. To
keep the comparison between standard and enhanced error messages fair and not measure
the translation effect, the user-oriented error messages were also given in English not to com-
promise the validity of the research results. Surprisingly, five students and therefore just one
student less than those first two options ticked "I preferred to solve the errors by trying around”
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(experimental learning). This shows that almost one-third of the students seem not to be willing
to read and can hardly be reached by written error messages. We will better understand this
with the next. Just one student answered, "The error messages were (mostly) too long to read
for me".

To better understand how students use error messages to solve the compilation failures, they

were asked, "What did you do if your code threw errors and didn't work?" (See Table 7-1).

Answer to the question "What did you do if your code threw errors and didn't work?"

| looked at the error message and corrected what was wrong
| rechecked everything and went through everything again
| either went to the next one or tried around what could be wrong and how to fix it.

| asked classmate [Name]

Group 1

| rechecked the code and looked for errors. Only when | really did not know what the
problem was, | looked at the solution hints.

| looked at the error message and asked colleague [Name]

| have compared my code with the examples.

Usually, it was a small mistake that | could spot quickly. Sometimes the syntax error
helped me, and now and then, | had to do some research online.

| read through the explanations, which mostly always helped me.

Look at what the error relates to and try to find the error source.

Mostly researched on the Internet or asked friends.

| read the error message carefully and was able to fix the problem

Read again and try again

| tried to do the task again after taking a closer look, and luckily, it always worked.

| asked friends how they did it

| tried to correct the mistake myself, or | asked the teacher.

Try different ways of solving the error

With some, it took me longer

Table 7-1 Answers to the question "What did you do if your code threw errors and didn't work?"

Out of the 18 answers, only seven mentioned in their responses to have used the error mes-
sages to solve the compilation failure. Five students used the help of colleagues or the teacher.
Five students mentioned in their answers that they "tried around" to solve the errors. If we sum
those last two groups up, more students preferred to "try around” or "outsource the problem
solving to another person” than work with the error messages. One possible explanation might
be that "error messages" are something specific for IT systems and how to read and work with

them must be learned. Although all students except one have learned one programming
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language before, they are still relatively new to programming since it's their first programming

course, and the school year started only three months before this study.

The extended error messages consisted of up to 5 parts, depending
on the type: Which parts of them did you find helpful ...

Solution hint, e.g.: Add a',' to fix the problem. —

Description of the problem, e.g .: 'printin' is |
unknown. —

Example, e.g.: var a= 1 var a= 2 // Cannot be =
named the same = Group 2
Error position, e.g .: Location: Line 4: 4-11:
println (result: a + b)
Link to the manual, e.g .:
https://kotlinlang.org/docs/reference/lambd...

H Group 1

(0] 1 2 3 4 5 6 7 8 9
Number of students that ticked this option

Figure 7-4 Which part of the extended error messages was most helpful.

The enhanced error messages provided to the test group consisted of up to five parts: De-
scription of the problem, solution hint, example, link to the manual, and error position. The error
position (copy of the lines of the code where the error was reported, with the character range
of the error highlighted) could be given for every mistake, and the rest depended on the type
of error (see the complete full list in the Appendix). For most, a subjectively "easier to under-
stand" description of the problem and a solution hint that contained the author's known typical
causes for the error were given. An example and link to the handbook were just possible for a
few. So little surprise that students found the two most frequent given parts as most helpful

(see Figure 7-4). Of those two, solution hint was found slightly more useful.

Those results also reflect in the questionnaire that Test group students filled out after solving

a compilation failure (see Section 6.1.2).

Most helpful error messages Total Problem  Solution Exam- Linkto Error
descript. hint ple manual  position
Unresolved reference 72 X X X
Expecting closing symbol 45 X X X
Expecting a top level declaration 9 X X X
Expecting an expression 9 X X
Unexpected tokens 8 X X X
Expecting an element 7 X
Conflicting variable declarations 6 X X X X
Type mismatch 6 X X X
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Most helpful error messages Total Problem  Solution Exam- Linkto Error

descript. hint ple manual  position

The literal does not conform the 4 X X
expected type
For-loop range must have an it- 3 X X X
erator method

Table 7-2 Most helpful error messages.

For the two most useful errors, "Unresolved reference" and "Expecting closing symbol", just a
problem description and a solution hint, which seemed to have been enough to make them the
most helpful error messages. The highest-ranked error message that also had an example
provided was "Conflicting variable declarations" with place seven and the highest-ranked "Link
to manual"-error message is "For-loop range must have an iterator method" at place ten.

To better understand if the user-oriented error message extensions had a benefit to the stu-
dents, they were asked if the extensions of the error messages were helpful, had no added
value, or were rather confusing (shorted answers, see Figure 7-5 for complete answer options).
Seven students found the extensions helpful and did not get sufficient help from the standard
error messages alone. The extended error messages had no increased benefit to the standard
error messages were answered by five students, and one found them somewhat confusing.

One student did not notice that they existed.

Inthe programming examples you went through, the standard
error messages (firstline, in red) have been expanded (from
the second line, see example image). Complete the following

sentence: The extension ...

helped me, because most of the time | didn't F
understand the standard error message.
had no added value for me, the standard error —
messages we enough help for me.

rather confused me, because of all the text | no  —pymn M Group 2

longer knew what to look at.
M Group 1

Other NN

0 1 2 3 4 5
Number of students that ticked this option

Figure 7-5 Influence of the error message extensions.
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7.2 Quantitative analysis

To analyze the benefits of the extended error messages, the following data on each program

execution was sent to a server and saved in a database:

Group Test/Control

User Auto-generated User ldentifier to identify program execution of the same
- student (does change when cookies are deleted)
& Task Exercise-Name
Time Time of execution
Code The program artifact that was executed
Output The program output in case of no compilation errors
StartLine, StartColumn, Faulty code segment
E Endline, EndColun
- Severity, ClassName Categorization in Error/Warning
Message Error Message

7.2.1 Performance metric

Like the previous work (Karam et al., 2010), the solve time was calculated from the first time
that a type of error appeared to the time that the error disappeared. Error messages of the
same type were detected using a regex expression (see the full list in the Appendix). For ex-
ample, the regex "Unresolved reference: ([~<]*)$ detects Unresolved refer-
ence: printline and Unresolved reference: printLn as the same type of error. A

typical log would log like:

Time

(RO fun main(){} No errors

RO fun main(){printline(”Hello”)} Unresolved reference: printline
A fun main(){printLine(“Hello”)} Unresolved reference: printlLine
(RS0 fun main(){printLn(“Hello”)} Unresolved reference: printLn
RO fun main(){printin(“Hello”)} No errors
The time to fix this example error type would be one minute, from the first appearance of the
unresolved reference error at 12:01:00 to the first run without that error type at 12:02:00. It is
just checked if a kind of error is present and not differentiated between appearances of the
same type of error at different locations in the code.
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Unfortunately, the resulting list of solve-times in seconds contains many outliers to the upper

end, significantly influencing the average (see Figure 7-6).

SOLVE TIME FOR THE MOST OCCURING ERROR
"UNRESOLVED REFERENCE"

3000
2500

2000

[] Control
1500 2
[] Test
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o
(]
500 fif 8
] &

0

Figure 7-6 Boxplot Solve Time for the most occurring Error "Unresolved Reference": This shows that
the data has many outliers (one outlier in the test group with the value 18789 is not shown in the graph

for better visibility)

Therefore, the median instead of the average is used to compare solve time because the me-
dian is less prone to outliers. However, the median is not a good measurement for the number
of attempts needed until solved, as the values span over a concise span of discrete numbers

(see Figure 7-7).

"NUMBER OF TRIES UNTIL SOLVED" FOR THE MOST
OCCURING ERROR "UNRESOLVED REFERENCE"

14
12
10

[eJio ]

[[] control

[ ] Test

]

o N B O 00
b—o—|

Figure 7-7 Boxplot "Number of Tries Until Solved" for the most occurring Error "Unresolved Reference":
Notice that here the median is one for the control group but two for the test group. Due to the short
discrete value span (1 to 13), the median is not a good measurement: Control group 41/72 (57%) one's
vs. test group 27/58 (47%) one's. As for the control group, the one's are little more than half of the values
(57%) and for the test group, they are barely not (47%), the median is a different value (1 for control vs.
2 for test). In contrast, the mean tells a different story (see Table 7-3). The average number of runs of

the test group (2.2) is slightly less than for the control group (2.3).
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Therefore, the median is used for the solve time to avoid outliers, and the average is used for
the number of attempts until solved to get decimal precision. Average and median numbers
are compared in Table 7-3. For the most occurring error type "Unresolved reference” the me-
dian solve time slightly improved with the extended error messages when comparing the test
with the control group (58 vs. 63.5 seconds). However, the average is more than double for
the test group. This might be due to the fact that students needed more time for reading when
they first got an error, but the more profound understanding of the error might have caused

faster solving for the subsequent times that they got the same type of error.

Unresolved
reference m Number of Runs m Number of Runs

72.0 58.0

166.9 2.3 461.5 2.2

63.5 1.0 58.0 2.0
1542 13 18789 8
5 1 7 1

Table 7-3 Statistic measurements for the most occurring error "Unresolved reference”.
7.2.2 Analysis per group

After having discussed which metrics to use in the context of the data of the most occurring
error type "Unresolved reference”, we will have a look at the other error types and the total
numbers (see Table 7-4). At first, we can observe that the error types appeared in the compi-
lation errors of the students at a different frequency. Just three error/warning types appeared
more than 50 times ("Unresolved reference”, "Expecting closing symbol", "Variable is never
used") while more than half appeared less than ten times. The solve time and the number of
attempts improved for some errors when comparing Control with Test group while others had
worsened. In total, the median solve time has improved 7% in the test group, and the average
number of attempts needed to solve an error enhanced by 9%.
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Error Occurence Solve Time [Seconds] Attempts needed to
(Median) solve [Count] (Average)
Total Control Test [Control Test Change|Control Test Change

Unresolved reference 130 72 58 63.5 58 -9% 2.3 2.2 -4%
Expecting closing symbol 107 56 51 59.5 92 55% 2.7 3 11%
Variable is never used 61 33 28 230 171.5 -25% 4.1 2.5 -39%
Unexpected tokens 45 20 25 97 47 -52% 2.3 1.4 -39%
Expecting an expression 34 17 17 62 47 -24% 2.1 2.1 0%
Expecting an element 33 23 10 91 55.5 -39% 1.7 1.5 -12%
Lambda Expression unused 28 11 17 102 25 -75% 2.6 1.3 -50%
Expecting a top level declaration 24 10 14 29.5 101 242% 1.6 2.2 38%
Name shadowed 20 12 8 69.5 50.5 -27% 1.8 1.1 -39%
Type mismatch 20 7 13 55 21 -62% 1.7 1.6 -6%
Assngnn’yents are not exptjesyf)ns, and only 16 9 - 115 88 >3% a1 17 e
expressions are allowed in this context
The expression is unused 16 9 7 141 27 -81% 2.4 1.3 -46%
Variable expected 15 8 7 48 162 238% 1.1 1.7 55%
Conflicting variable declarations 15 8 7 44.5 50 12% 1.1 1.1 0%
Parameteris never used 14 6 8 232.5 144 -38% 1.7 3.8 124%
Function declaration must have a name 12 5 7 24 111 363% 1.4 2.3 64%
The value assigned to is never used 11 7 4 118 117.5 0% 3.9 1.8 -54%
This var{able mus.t e.l.th?r have a type 1 5 6 62 214 245% 1 13 20%
annotation or be initialized
Variable is assigned but never accessed 10 5 5 115 92 -20% 3.6 1.6 -56%
No value passed for parameter 9 7 2 24 153 538% 1.1 1.5 36%
The literal does not conform to the 5 7 5 a5 163.5 367% 1 45 350%
expected type
For-loop range must have an iterator
method 9 4 5 52.5 33 -37% 1.3 2.2 69%
Function invocation expected 8 3 5 141 78 -45% 1.3 1.2 -8%
Expecting a condition in parentheses 7 4 3 107 124 16% 1.3 1.7 31%
Too many arguments for function 6 4 2 26.5 37.5 42% 1.3 1.5 15%
Operator cannot be applied 6 3 3 138 33 -76% 1 1 0%
Function must have a body 4 4 (o] 68 - 1.8 -
None of the following functions can be
called with the arguments supplied 4 2 2 o1 21 7% 1.5 1 ~33%
Variable must be initialized 3 3 (o] 18 - 1 -
Expecting comma or closing parenthesis 2 2 0 178.5 - 2 -
Unexpected type specification 2 1 1 317 53 -83% 2 1 -50%
Dec.la.ratlons are not allowed in this 5 1 1 199 243 229% 1 1 0%
position
Type annotation required 1 1 0] 294 - 3 -
Conflicting overloads 1 1 (o] 28 - 28 -
Overload resolution ambiguity 1 1 0 91 - 3 -
Unreachable code 1 1 (o] 63 - 3 -
XY on function parameteris not allowed 0 0 (o] - - - -
Unresolved reference receiver type o o o B B B )
mismatch
Return expression required 0 0 0 - - - -
Totall Average (9ccurence, Attempts) / 215 10.6 10.9 73 68 7% 23 21 oo
Median (Solve Time):

Table 7-4 Solve time and attempts needed to solve for each error type and for all error types together
7.2.3 Analysis over time per lesson

Next, we analyze the development over the timespan of all three lessons between test group
and control group (see Figure 7-8). As already mentioned in Section 6.3, the role of the two
classes was switched after lesson 1 of both classes to reduce the influence of the heteroge-
neity of the two classes concerning pre-knowledge and performance. When we observe class
1 in Figure 7-8 (blue background), the solve time increased from 59 seconds the first week to
the second week 95 seconds, when the class was the first time confronted with the longer

user-oriented error messages. It is not much surprising that the students needed more time to
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read and get accustomed to the new format. However, surprisingly the solve time and the
number of runs needed to solve dropped in the third lesson below the first lesson's values,
where the class worked with the default compilation error messages. Class 2 (gray back-
ground) started in week 1 with the user-oriented error messages (Test group) and needed
more time and runs when being the control group in the succeeding two weeks. This is sur-
prising, because one would expect that students would need less time to solve the error with
the shorter standard compilation error due to the reduced text to read. It might be that the
students got used to the more descriptive user-oriented error messages and therefore needed
more time to understand when just having the default compilation error messages available.
In week three, the solve time outlier might come from the fact that it was the last lesson and
the week of Christmas (students less motivated to be productive), and just a few students were
present, which might also be the slowest in class. If we compare the test with the control group
for each week, we see that the test group was faster in two of three weeks (exception: week
2).

Date Class Group Solve Time- Runs needed to solve
(Seconds, Median) (Count, Average)
04.12.2020 Class 1 Control 59.0 2.3
07.12.2020 Class 2 Test 50.0 1.5
11.12.2020 Class 1 Test 92.0 24
14.12.2020 Class 2 Control 60.5 2.1
18.12.2020 Class 1 Test 41.0 2.1
21.12.2020 Class 2 Control 294.0 1.8

Figure 7-8 Development over time

In contrast, for the number of attempts, just one week wins the comparison (week 1). In week
2 and 3, the control group needed fewer tries to solve the compilation errors. This shows that
the role changing of both classes was necessary since comparing the performance of each
class in the different roles gives us more insight than comparing the two classes between each
other. To summarize, we could observe an improved solve time and number of attempts
needed to solve between each class's different role assignments. When comparing both clas-
ses for each week, we cannot derive a clear conclusion if students could work better with

standard or user-oriented error messages.
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7.2.4 Analysis per student

Student LSolve Time (Median) | #Runs (Average) Count Submissions

1 1 80 232 1.9 1.7 15 21
1 2 405 165 3.1 2 15 2
1 3 43 228 31 1 29 13
1 4 102 9600.5 1.5 1.3 34 4
1 5 101 196 1.6 5 18 1
1 6 101 not present 3.3 not present 22 not present
1 7 59 not present 3.2 not present 39 not present
1 8 38 not present 2.3 not present 63 not present
1 9 not present 35 not present 1.9 not present 8
2 10 18 103 1.4 1.8 24 37
2 11 24 175 1.8 4.9 6 13
2 12 194 84 1.6 2.8 24 48
2 13 370.5 95 25 2.2 2 21
2 14 214 143 2 21 1 7
2 15 26 21 2.7 1.4 19 12
2 16 43.5 not present 1.5 not present 8 not present
2 17 not present 240 not present 1.9 not present 7
2 18 not present 19 not present 1 not present 1
2 19 not present 71 not present 3 not present 1
2 20 not present 102 not present 2 not present 28

Figure 7-9 Comparison Solve Time and Number of Runs needed to solve between Control and Test
group per student. Unfortunately, some students were just present in the lessons where their class had
the role of Control/Test group but not when the role was switched, so just for eleven students (Student
1-5 and student 10-15), we can compare the results between Test and Control group. The lower num-

bers for those eleven students are printed in bold.

Since both classes differ in performance, we also look at the result on a per-student level (see
Figure 7-9). Unfortunately, only about half of the students were present in at least one lesson
where their class got to be Control group and in at least one lesson where their class got to
Test group. So just for those eleven students, we can compare their performance between
both roles. Five students were faster in solving the compilation errors when presented with the
extended error messages (Test group). In contrast, six students needed longer with the user-
oriented error messages. Six students needed on average fewer attempts to solve the compi-
lation errors in the Test group role. One would expect that students need more time to solve
the compilation errors since they have more to read with the user-oriented error messages but
need fewer tries to solve the compilation error due to the higher understanding. However, this
just applies to three students. Three students were faster and needed fewer tries with the user-
oriented error messages, but also three students were slower and needed more attempts with

the extended error messages. So, there is no correlation on the per-student level.



Conclusion

8 CONCLUSION

As shown, user-oriented compilation error messages can improve the solve time and number
of tries until a compilation error was successfully solved. The experiments' results are a 7%
improvement for the median solve time and a 9% improvement for the average number of tries
needed to solve a compilation error. The test/control group design was used to compare stu-
dents' performances between test/control groups. The test/control group assignment between
both classes was switched after the first lesson to reduce the influence of the pre-knowledge
and performance in programming between both classes. Due to this switching, a comparison
of each class/student in both roles as well as between both classes was possible. While com-
paring total test/control group results over all three lessons as well as for one class over the
timeline of the three lessons showed an improvement with user-oriented compilation error
messages, the result between both classes for one lesson and for each student individually
did not show a clear image. For this, the group sizes of 9 students in class 1 and 11 students
in class 2 throughout three lessons might have been too small, and further research is required.
It might be better to research this topic in a university course with more than hundred students
to get more a stable setting where individual factors of students don't affect so much the result.
As previous research has shown, the student's language, mathematics and science knowledge
have a higher influence to a student's performance in solving compilation errors than the for-
mulation of the compilation error messages which can just be canceled out by more homoge-
neous or bigger test/control groups. Collecting code snapshots and compilation error mes-
sages is a challenging task as experienced in this thesis, so the development of an IntelliJ
Plugin or integrating the Kotlin Playground in a learning platform might be a better choice for
feature research. Also, the 38 user-oriented error messages are just a start and not a complete
covering of all possible error messages of Kotlin and they are not aware of the context, e.g., if
an unresolved reference is a misspelled variable, method, or class name. Therefore, analyzing
the whole code to provide context-aware suggestions could also help. This thesis provides a
starting point for further research in this area by showing that the language Kotlin got rid of
many frequent student errors and user-oriented error messages are a way of helping students
understand the often cryptic compilation error messages and solve them without the help of

the teacher.
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A APPENDIX

The complete course material (in German language) and logging code is available at

Appendix

https://github.com/mpointner/UniWienMasterThesisMaterial. For a short version, see Section

5. The following table shows all error mappings developed for this thesis:

Error
Unresolved

reference

Expecting a
top level

declaration

Parameter
iS never

used

Expecting
closing

symbol

Unex-
pected to-
kens

Variable is

never used

Mapping

Regex: AUnresolved reference: ([*<]*)$

Problem: '$1' is unknown.

Hint: "If '$1' should be a

- command, have you mistyped it? Check similar let-
ters, correct upper/lower-case.

- variable, have you forgotten to declare the variable?
- class, have you forgotten to import it?"

Regex: “"Expecting a top level declaration$
Problem: Expected a top level structure declaration
before this closing symbol.

Hint: Most probably you have this closing symbol too
much, try to delete it.

Regex: "Parameter '([*<]*)' is never used$

Problem: You are defining the parameter/variable
'$1' but never use it.

Hint: If you are not planning to use this parame-
ter/variable, remove it, else you can ignore this warn-
ing.

Regex: “Expecting ([*<]*)$

Problem: A $1 is expected at this location.

Hint: Add a $1 to fix the problem.

Regex: “"Unexpected tokens \(use ';' to separate ex-
pressions on the same line\)$

Problem: Unexpected token

Hint: It seems like you have written two commands
in the same line without separating them with a ';".
Regex: MVariable '([*<]*)" is never used$

Problem: The variable '$1' is defined but never used.

Test code
fun main() {

test

fun main() {

}
}

fun main() {

varx =1

fun main() {

var passwort: String = "test"
if (passwort == 1234){

printin(
}

fun main() {

geheim™)

printin (Hello vicki))

}

fun main() {

vara: Int=1
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Error

Lambda
Expression

unused

Type anno-
tation re-

quired

Expecting
comma or
closing pa-
renthesis
Function
must have

a body

Variable
expected

Mapping
Hint: If you are not planning to use this parame-

ter/variable, remove it, else you can ignore this warn-

ing.

Regex: ~"The lambda expression is unused. If you
mean a block, you can use ‘run{ ... }'$

Problem: You are passing a <a href="https://kotlin-
lang.org/docs/reference/lambdas.html' tar-
get='_blank'’>Lambda expression</a> (expression
between '{}') that is unused.

Link: https://kotlinlang.org/docs/reference/lamb-

das.html

Regex: MA type annotation is required on a value pa-
rameter$
Problem: The declared function/class parameter is
missing a type declaration
Hint: Add a type to the parameter, e.g.: parameter:
String
Regex: “"Expecting comma or '([*<]*)'$
Problem: A comma or '$1' was expected
Hint: Try adding a comma or '$1' to resolve the is-
sue.
Regex: “Function '([*<]*)' must have a body$
Problem: The function '$1' cannot remain without a
body
Hint: Add after fun $1 (...) brackets {} with a content
inside.
Example: fun $1 (...) {

printin("*"Test™")
}
Regex: NVariable expected$
Problem: A single variable is expected at the given
location, instead you provided something else.
Hint: Replace the marked location with a single vari-
able.

Appendix

Test code

var b: Int = 2

/I Ab hier fehlt noch dein
Code

var ergebnis: Int=a+b

}

fun main() {

var passwort: String = "ge-
heim"

if var passwort: String =
readString("geheim"){
printin("Eingeloggt")
}else {

printin("Falsches Passwort")
}

fun main(Hallo + vicki) {

// Hallo + vicki

fun main(Hallo + vicki) {
1

}

fun main()

fun main() {

var a: Int = readInt("Gib
die erste Zahl ein:")

var b: Int = readInt("Gib
die zweite Zahl ein:")
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Error Mapping Test code
Example: x = ... at+b=erg
print(erg)
}
Conflicting  Regex: *Conflicting declarations: ([*<]*)$ fun main() {
variable Problem: You have defined the same variable '$1' at var a: Int = readInt("Gib
declara- least twice. die erste Zahl ein:")
tions Hint: Rename one variable '$1' of the conflicting vari- var b: Int = readInt("Gib
able declarations. die zweite Zahl ein:")
Example: "vara=1 vara=7
var a = 2 // Cannot be named the same" var b =90
}
Name Regex: "Name shadowed: (['<]*)$ fun main() {
shadowed Problem: The variable '$1' was defined before and var a: Int = readInt("Gib
would be overridden by this. die erste Zahl ein:")
Hint: Choose a different variable name than '$1". var b: Int = readInt("Gib

die zweite Zahl ein:")

vara=7
var b =90
}
Function Regex: “Function declaration must have a name$ fun main() {
declaration  Problem: Incorrect declaration of a function, must var ich: String = "Schere"

must have  consists of: fun name ( ... ) { ... } and the name may }if (ich == "Stein") {
a name not be a keyword. }
Hint: If you did not intend to make a function, you

might have closed a'}' too early.

Unex- Regex: “Unexpected type specification$ fun main() {

pected type Problem: No type definition, e.g.: 'x: Int', was ex- vara=1

specifica- pected at this location. varb =2

tion printin(ergebnis: a+b)
}

Assign- Regex: MAssignments are not expressions, and only  fun main() {

ments are expressions are allowed in this context$ vara=1

not expres- Problem: You used an assignment (e.g. 'x = ...") varb =2

sions, and  where only an expression (no '=', e.g.: 'x + 1) is al- print(a + b = x ""x™"

only ex- lowed. }

pressions

are allowed

in this con-

text
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Error Mapping Test code
Too many Regex: ~“Too many arguments for ([*<]*) defined in fun main() {
arguments  ([*<]*)$ vara=1
for function  Problem: You are calling the function $1 (defined in varb =2
$2) with more arguments than expected. print(a + b = x "x")
Hint: Make sure you call the function with the ex- }

pected number of arguments.

No value Regex: “No value passed for parameter '([*<]*)'$ fun main() {
passed for  Problem: The function is expecting a parameter' $1' print"Hallo Natalia"
parameter  which you do not pass. }

Hint: Make sure you pass the parameter '$1'.

Function in- Regex: ~Function invocation '([*<]*)' expected$ fun main() {
vocation Hint: You might have forgotten the brackets for the print "
expected function call $1. }

Example: printin("Hello")

Expecting a Regex: “"Expecting a condition in parentheses '\(...\)’$ fun main() {

condition in  Problem: A condition (something that can be var passwort: String =
parenthe- true/false) is expected in parentheses' (...)". readString("Passwort
ses Hint: "- If you have written a condition, wrap it into eingeben:")
parenthesis. if var passwort: String =
- If you have forgotten the condition, add it." readString("geheim"){

printin("Eingeloggt™)
}else {

printin("Falsches Pass-

wort")
}
The ex- Regex: ~The expression is unused$ fun main() {
pressionis  Hint: Use or removed the unused expression. var passwort: String =
unused readString("Passwort
eingeben:")

if var passwort: String =
readString("geheim"){
printin("Eingeloggt™)
} else {
printin("Falsches Pass-
wort")
}
None of the Regex: “None of the following functions can be fun main() {

following called with the arguments supplied: ([*<]*)$
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Error
functions
can be
called with
the argu-
ments sup-

plied

Expecting
an expres-

sion

XY on func-
tion param-
eter is not

allowed

Conflicting
overloads

Mapping

Problem: This function cannot be called with the pro-

vided arguments, since it does not match none of the

declarations: $1

Hint: Compare your code with the declarations of

that function and find the argument mismatch.

Regex: “"Expecting an expression$

Problem: An expression, e.g. '(x == 1)', was ex-

pected.

Regex: M([*<]*)' on function parameter is not al-

lowed$

Hint: Remove the forbidden keyword '$1' from the

function parameter.

Regex: ~Conflicting overloads: (.*)$

Problem: You have defined the same thing twice: $1

Hint: Remove/Rename one.

Appendix

Test code

var passwort: String =
readString("Passwort einge-
ben:")
if (passwort == "geheim"){

printin("Eingeloggt") {

}else}

printin("Falsches Pass-

wort")
}
fun main() {

var passwort: String =
readString("Passwort einge-
ben:")
if (passwort == "geheim"){

printin("Eingellogt")

}else }

printin("Falsches Pass-

wort")
}
fun berechneAnzahlLieb-
lingsgetraenk(var geldMinus-
Eintritt: Double) {}
fun main() {

var getraenkAnzahl = be-
rechneAnzabhlLieblingsgetra-
enk(1.0)

printin("Juhu, du kannst dir
${getraenkAnzahl} Glae-
ser/Dose/Flaschen von dei-
nem Lieblingsgetraenk leis-
ten!")
}
fun main () {

printin(**)
}
fun main() {

printin("")
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Error
Type mis-

match

Variable is
assigned
but never

accessed

The value
assigned to
iS never

used

Mapping

Regex: ~"Type mismatch: inferred type is ([*<]*) but
(["<]*) was expected$

Problem: You are providing a variable/expression of
type $1 where type $2 was expected.

Hint: Correct the provided or expected type.

Regex: Variable '([*<]*)' is assigned but never ac-
cessed$

Problem: You are assigning/writing a value to the
variable $1 but never access/read it.

Hint: Maybe you have forgotten to use the value of
the variable, else you might want to remove the un-

necessary variable.

Regex: ~The value '([*<]*)' assigned to '([*<]*)' is
never used$

Problem: You are assigning the value '$1' to the var-
iable' $1' but never use it afterwards.

Hint: You might not need the variable anymore, so
you could remove it. If you haven't come to the point,

where you use it, you can ignore this.

Regex: ~Overload resolution ambiguity: ([*<]*)$

Appendix

Test code
fun calc() {
var getraenkAnzahl: Dou-
ble = 1.0
return getraenkAnzahl
}
fun main() {
calc()
}
fun main() {
var passwort: String =
readString("Passwort einge-
ben:")
/I Ab hier fehlt noch dein
Code
if (passwort = "geheim")
printin(""Eingeloggt"")
}else {
printin(“falsches Passwort")
}
fun main() {
var passwort: String =
readString("Passwort einge-
ben:")
[/l Ab hier fehlt noch dein
Code
if (passwort = Sam){
print("willkommen")
}
elsef

print("versuchs nochmal®)
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Error
Overload
resolution

ambiguity

The literal
does not
conform to
the ex-
pected type
For-loop
range must
have an it-
erator

method

Unresolved
reference
receiver
type mis-

match

Unreacha-

ble code

Mapping
Problem: It's not clear from your code, which of the

following functions should be used: $1

Regex: The ([*<]*) literal does not conform to the ex-
pected type ([*<]*)
Problem: You provided type $1 where type $2 was

expected.

Regex: ~“For-loop range must have an ‘iterator\(\)'
method$

Problem: Incorrect definition of a for loop, must be
iterable.

Link: https://kotlinlang.org/docs/reference/control-
flow.html#for-loops

Regex: ~Unresolved reference. None of the following
candidates is applicable because of receiver type
mismatch: (.*)$

Problem: The command/function $1 is not defined

for this receiver data type.

Regex: “"Unreachable code$

Problem: This code cannot be reached because you
are returning this function/exiting the program in the
line before.

Hint: Make sure this code can be reached.

Appendix

Test code
fun berechneGetra-
enke(pBudget : Double,
pEintritt : Double, pGetra-
enkePreis) {

return (pBudget - pEintritt)
| pGetraenkePreis
}
fun main() {

var getraenkAnzahl = be-
rechneGetraenke(3.0, 2.0,
4.0) /I <- hier fehlt noch dein
Funktionsaufruf
}
fun main() {

var a: Int = readInt(2)

var b: Int = readInt(3)

}

fun main() {
for (i in 1 to 10){
printin(i)

fun fak(x: Int): Int {
return 1
}
fun main() {
var aktionsPreis = fak(3)
printin("Das Kleidungsstu-
eck kostet an der Kasse
${aktionsPreis.formatiere-

DoubleAlsEuro()}")
}
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Error Mapping Test code

This varia-  Regex: ~This variable must either have a type anno-  fun main() {

ble must ei- tation or be initialized$ vara: Int=1

ther have a  Problem: You must either specify the type of this var b: Int =2

type anno-  variable or initialize it, so that the type can be in- print (var a + var b)

tation or be  ferred. }

initialized

Operator Regex: “Operator ([*<]*) cannot be applied to ([*<]*)  fun main() {

cannot be and ([*<]*)$ var passwort: String ="

applied Hint: The operator $1 might only applicable to two if (passwort == 123){

variable/expressions of the same type. printin(“richtig")

}else {

printin(“falsch")

}
}
Return ex-  Regex: A 'return' expression required in a function fun sum(a: Int, b: Int): Int {
pression with a block body ({...})$ print(a)
required Problem: A function of type != Unit needs 'return’ ex-
pression. }
Hint: fun sum(a: Int, b: Int): Int { fun main() {
return a + b // A return statement like this is miss- sum(l, 2)
ing }
}
Declara- Regex: “Declarations are not allowed in this posi- fun main() {
tions are tion$ var a: Int=1
not allowed Problem: Variable declarations are not allowed here. var b: Int= 2
in this posi- print (var a + var b)
tion }
Variable Regex: MVariable ([*<]*) must be initialized$ "fun main() {
must be ini-  Hint: You must assign a initial value to the variable var aktionsPreis = / 100
tialized $1. printin(*"Das Kleidungs-

stAvick kostet an der Kasse
${aktionsPreis}")

p
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