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ABSTRACT
Python and Java are popular programming languages, especially
among novices. One of the significant challenges that novice pro-
grammers face is understanding the languages’ error messages. As
the primary source of feedback, error messages can be a barrier to
learning if novice programmers struggle to interpret and respond
to them effectively. There is significant literature on enhancing
compiler error messages to improve their usability and effective-
ness. These studies either produce or apply guidelines formulated
by other researchers to improve error messages. The studies show
varying effects on improving the usability of error messages, with
some studies reporting improvements. This research has focused
primarily on how to improve an error message’s usability, without
assessing its readability. While most researchers have emphasised
the importance of error message readability, its impact on improv-
ing error messages remains unclear, the literature lacks in concrete
criteria for achieving and assessing it. Furthermore, in the context
of South Africa, where people speak different languages, there is
a need to investigate the impact of using alternative languages to
present error messages. This paper proposes a system to enhance
the readability of Python and Java error messages. Reproducing a
recent study, the system applies a set of recently guidelines, includ-
ing simpler language, full sentences, and word economy, with the
assistance of first-year Computer Science lecturers, TAs or tutors
and natural language processing tools. Additionally, the system
presents error messages in isiXhosa and Afrikaans for Python and
Java, respectively, to assess the impact of providing error messages
in alternative languages. The effectiveness of the guidelines is eval-
uated based on first-year Computer Science students’ perceptions
and statistical analysis of debugging time. The translations will be
generated by a linguist and will be based on the already enhanced
error messages. The goal of this research is to validate existing
guidelines and to determine the impact of presenting error mes-
sages in different natural languages.

1 INTRODUCTION
Computers understand machine code, a binary language which
comprises ones and zeros. As machine code is a difficult language
for humans to understand, many programmers write in high-level
languages, which are closer to natural languages (like English).
Due to this practice, there is a need for compilers, a special type of
program that reads and translates programs written in high-level
languages into equivalents written in low-level languages (like
assembly languages), which can be assembled into machine code
so that computers can run the programs. Before translating the

program, the compiler checks for any syntactic mistakes in the
code. If it finds any, it alerts the programmer by displaying an error
message [3].

Error messages also play an important role in educating novice
programmers by alerting them to mistakes that they make [4].
Unfortunately, the error messages generated by the compiler are
not always helpful to novices, because many error messages lack
detail and use complicated terminology. This may be useful for
expert programmers, who are more familiar with how the different
types of errors are caused, but not for novices who do not have such
knowledge [7]. Becker et al. [2019], in their work synthesise the
work done to enhance error messages in an attempt to improve their
usability and effectiveness to novice programmers. After analysing
the work of 107 papers in the literature, they concluded on a call
for research based on identified gaps. This included:

• Determining a formal definition for readability as well as a
way to assess it.

• Gathering empirical evidence in support of one guideline
or related pedagogical practice.

• Determining whether the use of identifiers and external
documentation could be used to improve the understanding
of error messages.

Denny et al. [2021] present their efforts in response to the first point
above: Readability. Their work establishes 4 readability guidelines
that may be used to transform programming error messages. The
proposed research continues from their work and applies these
guidelines on Python and Java errormessages in order to investigate
whether they improve the readability of error messages.

Another difficulty is that error messages are almost always pre-
sented in English, which does not accommodate for people who
speak other languages. This is pertinent, particularly for South
African students of programming, as English is not the first lan-
guage of or only language spoken by most South Africans [8]. As
such, the proposed research considers the impact of presenting
programming error messages in alternative languages that are spo-
ken by programmers, instead of solely English, as presently done.
Although preliminary, there have been some positive results of cre-
ating programming languages for non-native English programmers
[6, 9, 15]. The proposed research aims to investigate the impact of
this translated presentation for error messages.

The following research questions arise:

• RQ1: Will enhancing programming error messages using
the expertise of first year Computer Science lecturers, TAs
or tutors and natural language generation tools validate
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a recently established set of guidelines for improving the
readability of programming error messages?

• RQ2: Will these enhanced error messages allow first year
computer science students at UCT to debug code faster than
with default error messages?

• RQ3: Will enhanced messages written in an alternative lan-
guage (Afrikaans or isiXhosa) spoken by first year computer
science students at UCT allow them to debug code faster
than with default error messages?

This paper is laid out as follows: In section 2 the Related Work is
presented. This will be followed by the Procedures and Methods in
section 3. Thereafter the Ethical, Professional and Legal Issues are
presented in section 4. Section 5 discusses the anticipated outcomes
and finally, section 7 presents the Project Plan.

2 RELATEDWORK
This section provides a discussion on the past work that informs
the proposed research.

In order to determine which error messages are encountered
by novices the most, studies tend to obtain error message data
from large data sets, such as the Blackbox Project, and perform a
statistical analysis on the data [13]. The statistical analysis typi-
cally includes a category development process in which different
categories of errors are decided upon and a category hierarchy is
formed. A process of categorisation is then done, assigning each
error message to a category. From here a data analysis can be com-
pleted by calculating error frequencies, levels of error message
coverage and error difficulties and severity [12]. This process may
differ among studies, where some may begin with a data filtering
process and end by removing outliers [10] (Figure 1 provides a
visualisation of this process). It may also use machine learning tech-
niques to analyse data, such as Hierarchical Clustering, Support
Vector Machines, Probabilistic Topic Modelling and/or Multi-Label
Classification (whereby the process of hierarchy generation and
categorisation is automated) [1].

Enhancing error messages, which refers to the process of inter-
cepting standard programming errors and changing them before
being presented to users, has been investigated bymany researchers.
In order to enhance error messages, studies either produce a set
of guidelines based on their own or others’ research [3] or they
apply known principles for good error messaging and produce their
own enhanced error messages [2, 11]. Becker et al. [2019] gathered
ten general categories of guidelines for enhancing programming
error messages using a corpus of 107 papers, which are as follows:
Increased Readability, Reduced Cognitive Load, Provide Context,
use a Positive Tone, Provide Examples, Offer Hints or Solutions,
allow dynamic interaction, provide scaffolding, use logical argu-
mentation, and report errors at the right time. Some of these studies
discuss various ways in which these guidelines have been applied.
Similarities in the approaches include the creation of visual debug-
gers which explain the cause of errors in a visual format [2, 11] or
by rewriting the error messages in more natural language [4, 5, 7].

Although there is a general consensus throughout this literature
that readability is essential for enhancing error messages effectively,
the literature lacks actionable guidelines for achieving it. In a recent

Figure 1: Visualisation of the Statistical Analysis Process for
Identifying Most Commonly Encountered Errors

study, Denny et al. [2021] conducted three experiments in order to
determine the factors that affect the readability of an error message,
and the extent to which each factor has an impact on error message
readability. In the first experiment, 1st year students doing a CS1
course were tasked with providing numeric ratings to evaluate the
readability of the top 20 error messages derived from 3 widely used
programming languages: Java, Python and C. This study revealed
that participants perceived error messages that were shorter and
had less jargon, such as “EOF” or “positional argument” to be more
readable. The second experiment involved showing 8 error mes-
sages, four of which were standard and four which were reworded
to participants. Participants were asked to describe what made
each message easy or difficult to read, considering factors such as
word count, word length, specific characters and line numbers. The-
matic analysis of the participant responses identified length, jargon,
sentence structure, and vocabulary as common factors affecting
readability. The third experiment involved 18 error messages from
the 1st experiment and participants were asked to rate them on
a fixed set of criteria derived from the first two experiments. A
strong correlation with earlier ratings in the first experiment was
reported. The research concluded by providing four guidelines for
error message readability, namely:

• Remove jargon
• Write messages in complete sentences
• Use simple vocabulary
• Use an economy of words

that can be applied to improve the readability of programming
error messages. As far as the researchers of the proposed research
know, one other study has applied the established guidelines using
a machine learning model[14]. The study found positive results in
terms of the guidelines improving the readability of programming
error messages. This project aims to reproduce this study. Using a
different set of methods and new set of participants, the proposed
research will investigate the validity of the guidelines in improving
readability of programming error messages for CS1 students.
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With the large percentage of SouthAfrican citizens being non–native
English speakers, there is a gap in the literature to investigate the
impact of having error messages entirely in English and whether
changing this would improve them. So far there has not been any
work done in literature to investigate the impact of specifically
changing the language in which error messages are presented. How-
ever, there is research on the broader issue of localising program-
ming languages which is reporting positive results. This includes
the work of Guo [2018] who investigated the barriers faced by non-
native English speakers when learning how to program; and the
work of Dasgupta and Hill [2017] and Raj et al. [2018] who conduct
empirical investigations on the influence of learners’ native lan-
guage on their ability to learn a programming language. The study
by Guo [2018] reported that localising programming languages
(presenting them in a language spoken by the programmer) can
have a positive impact for non–native English speakers. It found
that Italian-speaking novice programmers performed better and
showed a more positive attitude when using a localised version
of Scratch, a visual programming language, compared to using
the English version. Raj et al. [2018] reported positive reactions
from Tamil-speaking students who were taught programming in
their native language and English. Overall, the studies suggest that
multilingual programming languages may improve novice program-
mers’ learning experience, but more research is needed to evaluate
its effectiveness and how it can be incorporated to improve error
messages.

3 PROCEDURES AND METHODS
This section describes the proposed system design, along with how
it will be utilised to gather the data that will be required to answer
the research questions.

3.1 Enhancing Standard Error Messages
The first step towards enhancing the standard error messages will
be to determine the subset of error messages that will be used.
This will be subset of error messages that are mostly encountered
by inexperienced programmers. For the Java system, this data set
will be extracted from the Blackbox project and for the Python
error messages, the data set will be extracted from [16] and Python
documentation. After determining the subset of error messages to
enhance, the four readability factors will be applied, jargon will
be removed, messages will be rewritten in full sentences, simple
words will be used and the economy of words in defining templates
will be used to generate the new error messages. The templates will
be in the form of predefined formats to generate error messages
based on their types (i.e., all syntax errors presented in a similar
structure and all run-time errors will be presented in a different
structure). These templates will be designed using the expertise of
CS1, TAs or tutors. They have experience with first year Computer
Science students and are aware of the programming difficulties
that the students experience when it comes to programming and
reading error messages. The templates will be designed such that
they include placeholders for the relevant information that cannot
be predefined (which are specific to the error message that occurs),
such as the line number where the error occurred, the variable or

expected data type. For example, the template for a python run-time
error might look like this:

• “Error”: There is a {error type} on line {line number}. {text}.
A ZeroDivisionError, which has the standard form:

• Traceback (most recent call last): File "C:.py", line 1, in <mod-
ule> print (2/0) builtins.ZeroDivisionError: division by zero

in Python would be:
• Error: There is a ZeroDivisionErroron line 2. You cannot

divide by zero.
Generating error messages using these templates will allow for

the enhanced error messages to be presented in a consistent way.
After having designed the format for the different error types, al-
gorithms based on a parsing mechanism that can extract relevant
information from standard error messages, such as the error type,
line number or any other relevant context will be designed. The
information will be given to the NLG tool. The NLG tool will use
the information to generate an enhanced error message, based on
the guidelines and templates with which it has been provided.

3.2 Prototype System for Enhancing Error
Messages

To investigate the research questions, an experiment will be carried
out in which test subjects will debug code in an IDE. The IDE will
contain a plugin that the researchers will build. The plugin will take
the default messages provided by the IDE (PyCharm for Python and
JGrasp for Java) when the code is run as input. The input will be
passed to the developed NLG algorithms, which generate enhanced
error messages, which will be given as output and presented to
the subject instead of the default error messages. The plugin will
have an option to generate the enhanced error messages in English,
Afrikaans or isiXhosa (the most commonly spoken languages in
the Western Cape).

The architecture of the system has three main components: The
IDE (PyCharm for Python and JGrasp for Java), which is the main
component and is responsible for providing an interface for writ-
ing, debugging, and executing code. The enhanced error message
handler plugin, which is to be installed and activated in the IDE. It
will override the default error messages of the IDEs and retrieve
corresponding enhanced/ translated for given errors from the data-
base. Error message database, which stores mappings between error
messages and corresponding enhanced error message templates in
two different languages (English and Afrikaans for Java system)
and (English and isiXhosa for Python system).

Figure 2 depicts the IDE as the top-level component, which in-
cludes the logic, presentation, and data layers. The enhanced error
message handler, which is the core component of the system, re-
sides in the logic layer and handles the processing of error messages.
The error message database and the mappings component, which
are part of the data layer, provide the necessary templates for the
enhanced error message generation to the enhanced error message
handler. The user interface (console), which is part of the presenta-
tion layer, provides a way for students to interact with the system.
When an error occurs, the Handler processes the error message
using the error message database and mappings to produce an
enhanced/ translated error message, which is then displayed via
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Figure 2: Diagram depicting the different components of the
system in a layered format

the console interface. Organising the system into separate layers
improves its modularity, maintainability and scalability. Each layer
has a well-defined responsibility, which makes it easy to modify
and update the system without affecting the other layer (i.e., to add
new error message mappings, the error message database can be
modified without affecting the other layers.

3.3 Evaluation
To investigate the research questions, a user study will be conducted
with a sample of first year computer science students at UCT. There
will be two separate studies, one using the Python system and one
using the Java system. However the same methodology will be
used. The study will be designed as follows: Approximately 20 to
40 participants will be recruited. Within the two studies, partici-
pants will be divided into two equally split groups: a control group
and an intervention group. The control group will have access to
the IDE without the plugin, so will be presented with the default
error messages when completing the debugging tasks. The inter-
vention group will have access to the IDE with the plugin, so will
be presented with the enhanced error messages when completing
the debugging ta. Participants should be able to speak English and
either Afrikaans or isiXhosa (and preferably there should be a fair
distribution between Afrikaans and isiXhosa speakers). Before the
study begins, participants will be expected to complete a mini sur-
vey and a few programming tasks to assess their programming
skills. The survey will use an online survey with Likert scale ques-
tions with questions such as: “On a scale of 1 to 5, how confident
are you in your ability to write code in Python/Java?" Programming
tasks on different difficulty levels for first year programming will be

designed for participants to complete. Assessment of programming
skills will establish the baseline for comparison and control for
differences in programming skills.

Participants will then be given erroneous code to debug. The
coding tasks will be written by the researchers and will contain
deliberate errors based on introductory programming principles
such as data types, variables, operators, conditional statements
and loops. The CS1 lecturers, TAs or tutors will be asked to assist
in the development of these tasks. This will allow the different
levels of difficulty of the programming tasks to be controlled. The
total number of the tasks to be given to users depends on the
subset of error messages that will be supported by the system.
Participants will be given one task at a time in random order along
with a brief explanation of what the code is supposed to do and
the sample input/ output so that they can determine when they
have successfully debugged the code. To ensure that participants
do not consult other sources, such as Stack Overflow during the
experiment, clear instructions will be given to the participants at the
beginning of the study that they are not allowed to use any external
resources to complete the debugging task and the participants will
be monitored throughout the exercise. This plugin will keep track
of the time taken by each participant to complete the task. Every
time the code is run, the plugin will record the current time and the
time after the first successful compilation will be stored. This will
be done for both enhanced error messages that are presented in
English and those presented in the Afrikaans/isiXhosa. A statistical
analysis will be performed on the time data. It will determine if
there are any significant differences between the mean time to
solve erroneous code between control and intervention groups.
This analysis will provide answers for RQ2 and RQ3. After the
participants have completed these tasks, they will be asked to fill
out a survey at the end of the experiment to determine RQ1 based
on student perceptions about whether the enhanced error messages
were more readable and understandable relative to the standard
ones. This information will be analysed through by the means of
thematic analysis to find patterns in user responses.

4 ETHICAL, PROFESSIONAL AND LEGAL
ISSUES

In order to formulate enhanced error messages, first year Computer
Science lecturers, TAs or tutors will be consulted. These discussions
will not involve anything potentially dangerous or unethical. Their
participation in the study will be beneficial to their students as the
study aims to makes learning coding easier.

In order to evaluate the efficacy and usefulness of the enhanced
error messages, a group of first year students will be recruited and
will be given a debugging task to complete. All first year students
should be at the age of majority. The debugging task will not involve
anything potentially dangerous or unethical. The students’ partic-
ipation in the study will positively contribute to the experience
of future students and their participation may be compensated by
means of a simple voucher. The students’ participation will be vol-
untary and informed consent will be sought. A clearance form will
be submitted to ensure that the study complies with UCT’s research
ethics for human subjects. The researchers recognise that error mes-
sages are an integral part of the programming learning process,
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and the proposed changes to their presentation may potentially
affect students’ comprehension. However, they believe that any
such risk is minimal, considering that the study will not last longer
than two days. To further mitigate this risk, the researchers will
explicitly inform the participants that the enhanced error messages
used in the study are not intended to replace the standard error
messages, nor are they claimed to be more effective. Participants
will be informed that this is an experiment aimed at collecting data
on presenting error messages and its impact on students.

The code used in the debugging task will be generated by the
researchers themselves andwill complywith any language licensing
requirements. The code will only be used for research and not for
commercial gain. The plugin will measure the time taken by the
participants to complete the task. After the first successful run
(when the code is error free), the current time will be stored in a
database.

5 ANTICIPATED OUTCOMES
5.1 System
The system is expected to be in the form of an IDE plugin that
will take raw error messages as input, and produce enhanced error
messages as output.

The raw error messages will be classified by means of an error
hierarchy data structure, and then mapped to a corresponding
enhanced error message in a database.

A potential design challenge would be to design an algorithm
that will be able to correctly classify every possible error message
provided by a compiler/interpreter. This will be dealt with by only
including errors in the debugging task that the algorithm can cor-
rectly classify. Future work on this can investigate improvements
to the algorithm.

5.2 Impact
Firstly, it is hypothesised that if a set of guidelines (remove jargon,
use full sentences, and use an economy of words) is applied to an
error message, its readability will improve.

Secondly, if an error message is displayed in another language
spoken by the programmer, the error message will be easier to
understand.

This is expected tomake learning programming easier for novices.

5.3 Key Success Factors
It is expected that the project will improve the coding and debug-
ging abilities of novice programmers by means of enhanced error
messages. If the guidelines are effective, users will find the error
message more readable. This will be demonstrated by whether the
user found the error messages easy to read. It will also be demon-
strated by an improvement in time-to-fix. If the students who were
given the enhanced error messages debugged the code faster than
the students who were given the raw error messages, the project
would be judged as a success. If the language of the error message
is changed to the another language spoken by the programmer,
users will find the error message more understandable. This will be
demonstrated by an improvement and time-to-fix: If the students
who were given the translated error messages debugged the code

faster than the students who were given the raw error messages,
the project would be judged as a success.

6 PROJECT PLAN
The project will be divided up as follows:

Danny Guttmann will create a plugin for the JGrasp IDE that
will convert the default Java error messages into enhanced error
messages.

Mandisa Tunzi will create a plugin for the PyCharm IDE that
will convert the default Python error messages into enhanced error
messages.

All parts of the system as described in the architecture will be
implemented using separate tools for the Python and Java systems.
The approach will be the same (template-based approach), but the
IDE and natural language processing tools or libraries that will be
used for extracting information from the standard error message
and into the templates will be implemented separately.

The project will require a laptop with a good Internet connection
to complete the coding component. A suitable number of first year
computer science students will be needed for testing. PyCharm and
JGrasp will be used for obtaining raw error messages and will be
integrated with the developed plugin.

The potential risks and how they will be managed are outlined
in Figure 5. The significant milestones of the projected are depicted
in Figure 3. Figure 4 contains a Gantt Chart featuring the project
timeline and full labour plan.
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Appendix A PROJECT MILESTONES

Figure 3: Diagram Depicting Project Milestones
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Appendix B GANTT CHART

Figure 4: Gantt Chart Depicting Project Timeline
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Appendix C RISK MATRIX

Figure 5: Table Depicting Identified Risks of the Project Ranked in Order of Likelihood
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