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ABSTRACT
This paper reviews literature relating to the improvement of text-
based compiler error messages with the goal of improving cryp-
tic error messages that are written in English for South African
students who are not English speaking. The paper answers three
research questions relating to error commonality, error message
enhancement techniques, and the efficacy of enhanced error mes-
sages. Approaches to answer these questions are discussed includ-
ing limitations present in the reviewed literature. It was found that:
the most common errors are syntactical and semantical; natural
language and visual debuggers are commonly used for message
enhancement; and enhanced error messages typically yield better
coding and debugging performance. The paper concludes with sug-
gestions for further research in this area, including the need for
more research on non-English speaking programmers.

KEYWORDS
Compilers, Error Messages, Novice Programmers, Enhanced Error
Messages

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 syn-
tactic mistakes in the code. If it finds any, it alerts the programmer
by displaying an error message [5].

These error messages are important to programmers, because
without them, theywould spend a great deal of time ascertaining the
cause of their programs’ inability to compile. These error messages
therefore expedite faster and more efficient programming.

Error messages also play an important role in educating novice
programmers by alerting them to mistakes that they make [7]. Un-
fortunately, 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 would not have such

knowledge [11]. Another difficulty experienced by novice program-
mers whose first language is not English is that error messages
are usually written in English. This is pertinent, particularly for
South African students of programming, as English is not the first
language of most South Africans [12].

To address this problem, this study will consider how to improve
the quality and nature of text-based compiler error messages so that
they are more helpful for South African novice programmers). This
study will focus on the improvement of error messages generated
by Java compilers.

To begin, the study will review available literature on improving
compiler error messages to establish what is currently understood
about this area. The literature review will appear in the final pa-
per, along with details including the methodology, findings, and
conclusions of the project.

This paper comprises the literature review. It outlines the datasets
that have been used for testing, the different programming lan-
guages considered, the models and testing methodologies utilised,
the evaluation of these models and methodologies, and the nature
of the test subjects. It discusses these items and sets out conclusions.

2 MODEL AND METHODS UTILISED
It is evident from the reviewed literature that there are three distinct
approaches to improve the quality and efficacy of text-based error
messages. Together these approaches form a process.

The first approach is to identify the most common errors and
therefore the most common error messages encountered by novice
programmers [16]. This usually involves performing some sort
of statistical analysis on a dataset and modelling the data as a
visualisation or a taxonomy (a classification technique) [9].

The second approach is to determine how these commonly en-
countered error messages can be enhanced so that they are more
useful to novice programmers [4, 19]. To do this, researchers may
develop a novel development environment that produces enhanced
error messages, sometimes in a more visual or interactive format
[4].

The third step is to test whether the enhanced messages are
useful to programmers and lead to better performance [18]. This
is often done by giving subjects erroneous code that they did not
write along with enhanced error messages and measuring the time
they take to debug the code [8].

Each study reviewed takes on one or more of these approaches.
This raises the three research questions (RQ) that this literature
review will seek to answer.

RQ1: What are the most common types of error messages en-
countered by novices?
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RQ2: What has been done to enhance the quality and usefulness
of these error messages?

RQ3: Have novices shown an improvement in their coding/debugging
ability when presented with these enhanced error messages?

3 DATASETS USED BY RESEARCHERS
A review of the datasets that have been used in previous research
conducted in improving text-based compiler error messages reveals
where to find datasets that are useful for researchers depending on
their focus of study.

3.1 Datasets for Identifying Common Errors
The Blackbox Project is a large database that contains data collected
from users of BlueJ, a Java development environment that is de-
signed for programming students. The database contains erroneous
code and the error messages that were given when the users tried to
compile the code [16]. The Blackbox Project is a good source of data
because it contains a large set of data frommany thousands of users
who have agreed to contribute their erroneous code for research
purposes [9]. If a study was focusing on identifying common errors
encountered by novices, the Blackbox Project would be a useful
data source to consider because it provides a large sample of the
different error messages encountered by novices. [13, 16].

3.2 Datasets for Error Message Enhancement
Purposes

Prutor is a system that stores each version of code that has been
given to the compiler, as well as snapshots of the code at regular
intervals. Prutor provides a way to track novices’ progress [2].
Prutor would be a good choice from which to obtain data if one
was trying to determine ways of enhancing text-based compiler
error messages as Prutor would be able to give a great deal of detail
as to the natural of error messaging with which novices struggle
as well as the coding habits of novices.

Another data source to consider would be GitHub, a web-based
repository that contains large amounts of source code for huge
numbers of open-source (freely available) projects of high quality.
This is particularly useful if one is trying to generate improved
code as opposed to simply displaying an error messages, as one
could use the code on GitHub to train Machine Learning models or
just to create some sort of template for working code [1].

If one does not need to identify the coding habits of novices
or generate improved code, Stack Overflow should be considered.
Stack Overflow is a web-based question and answer forum, which
allows users to ask and answer any programming related questions.
Due to the vast number of questions and answers on Stack Overflow
[18], one could develop a system that queries the Stack Overflow
database in order to suggest fixes for error messages and use this
data to generate more detailed and more specific error messages.

3.3 Datasets for Testing Enhanced Error
Messages

If a study is seeking to determine whether a set of enhanced error
messages actually improves coding performance, it is preferable

that the study conducts tests on programmers in order to gather
data [7, 8, 17].

4 SUPPORTED LANGUAGES
The reviewed literature contained studies involving the following
programming languages: Java, C, C++, C#, Python, Ada, Scheme,
Eiffel, Swift, Obj. C, and OCaml. [3, 6, 17]

The most common language in the reviewed literature was Java.
65% of the studies (13 out of 20) involved the language. This is likely
due to the vast amount of data available on Java, including those
available from the Blackbox Project [9, 13, 16], as well as Java’s
pervasiveness in industry and in education [7].

5 SYSTEM/MODEL EVALUATION
The literature reviewed took different approaches to evaluate the
models described above. The ways in which each model was evalu-
ated by the various studies is detailed below:

5.1 Evaluation of the Most Common Error
Messages Encountered

In order to determine which error messages are encountered by
novices the most, studies tend to obtain error message data from
large datasets, such as the Blackbox Project, and perform a sta-
tistical analysis on the data [16]. The statistical analysis typically
includes a category development process in which different cat-
egories 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 [15]. This process may
differ among studies, where some may begin with a data filtering
process and end by removing outliers [13] (Figure 1 below provides
a visualisation of this process). It may also use machine learning
techniques 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].

The results varied slightly from paper to paper, but the general
consensus was that syntactic (like missing semi-colons) and seman-
tic (like undeclared variables) tended to be the most common types
of errors among novices [13, 16].

5.2 Evaluation of Error Message Enhancement
Strategies

In order to enhance error messages, studies either produce a set of
guidelines based on their own or others’ research [5] or they apply
known principles for good error messaging and produce their own
enhanced error messages [4, 14].

Guidelines discussed in the papers include Increased Readability,
Reduced Cognitive Load, Provide Context, Use a Positive Tone,
Provide Examples, Offer Hints or Solutions [5, 9, 19].

The reviewed literature discusses various ways in which these
guidelines have been applied. Similarities in the approaches include
the creation of visual debuggers which explain the cause of errors
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Figure 1: Visualisation of the Statistical Analysis Process for
Identifying Most Commonly Encountered Errors

in a visual format [4, 14] or by rewriting the error messages in more
natural language [7, 10, 11].

5.3 Evaluation of the Efficacy of Enhanced Error
Messages

In order to determine whether enhanced error messages improve
the coding and debugging performance of novice programmers,
testing needs to be done on novices to measure the efficacy of the
error messages.

The testing discussed in the reviewed literature often includes
giving test subjects erroneous code to debug. The intervention
portion of the subjects is given enhanced error messages and the
control portion is given errormessages that have not been enhanced.
The researchers then record the time taken by each subject to debug
the code, the number of compiler submissions and the number of
error messages encountered [7, 11].

6 DISCUSSION
The sections above described the various models andmethodologies
utilised in the reviewed literature to improve text-based compiler
error messages and how these models and methods have been
evaluated. It is necessary to discuss what has been learnt from this
research and, in particular, what has not worked in order to guide
further research in this area.

Some studies have tried to understand and categorise errorsmade
by novices by looking at how often a compiler gives certain error
messages [13, 13]. This approach has limitations because different
errors can produce the same message, and different compilers can
produce different messages. Some studies have indicated that a
better way to categorise errors is by manually looking at them and
combining both how often they occur and how difficult they are to
fix. This gives a more accurate understanding of the error messages
with which novices struggle the most [16].

Another problem is that to do with taxonomies. Many studies
looking at themost common errormessages encountered by novices

form taxonomies to categorise error messages. Although these
taxonomies can be helpful, there is a risk of creating too many
categories, which can make the system less efficient. Some errors
may not be easily categorised and require subjective judgment to
resolve. Taxonomies may need to be adjusted as new languages
and features are introduced, and their effectiveness may be limited
by the accuracy of the error diagnostic tools used [4].

Some studies have made the point that while previous studies
have agreed that some errors are more commonly encountered
than others, different studies do not always agree on which specific
errors are the most common [15, 16].

Another significant point is that studies on error frequency often
focus on one particular programming language and therefore the
results of one study may not be relevant to other programming
languages [15].

With regards to enhanced error messages, it has been found that
providing too much information does not always yield positive
results as is what might be expected [4]. This is due to the fact
that the more detail, a message contains, the longer it will take the
programmer to read and therefore will increase coding/debugging
time [4].

Many studies have admitted that their results may have limited
implications, because they only tested a limited number of error
messages, or their study contained a small sample size [1, 6, 9]. This
is particularly true for studies that used the Blackbox Project for
their research as the Blackbox Project only contains data from users
of BlueJ [9, 13, 16].

7 CONCLUSIONS
This literature review identified three distinct approaches taken by
past researchers to improve text-based compiler error messages for
novice programmers and sought to answer three research questions
based on these approaches.

RQ1: What are the most common types of error messages en-
countered by novices?

RQ2: What has been done to enhance the quality and usefulness
of these error messages?

RQ3: Have novices shown an improvement in their coding/debugging
ability when presented with these enhanced error messages?

Although it varied slightly from study to study, it was identified
that the most common types of error messages encountered by
novices are syntactical (like missing semicolons) or semantical (like
using a variable that has not yet been undeclared).

Guidelines for good error messaging have been developed and
these have been applied to create visual debuggers and more de-
tailed error messages that are often written in more concise lan-
guage that is more natural than the typical error messages gener-
ated by compilers so that the messages are more understandable to
novices.

Testing on novices has shown that enhanced error messaging
leads to faster debugging time, fewer compiler submissions, and
ultimately fewer error messages encountered during programming.

The literature reviewedmade nomention of novice programmers
who are not English speaking and what effect, if any, the translation
of text-based compiler error messages would have on their coding
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and debugging abilities. This gap opens the door for further research
in this area.
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