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SQL compiler error messages are the primary way users receive feedback when they encounter syntax errors or
other issues in their SQL queries. Effective error messages can enhance the user experience by providing clear,
informative, and actionable feedback. Despite the age of SQL compilers, it still remains largely unclear what
contributes to an effective SQL error message. With 2,052 answers yielded by 165 participants for qualitative
analysis, this study is an attempt to understand what novices perceive as effective elements in SQL error
messages. The results uniformly indicate that communicating the precise error position, articulating what is
wrong in the query with clear natural language, and showing hints on how to fix the error are perceived as
the most effective elements for error recovery. These insights have potential to be utilized in providing more
effective error messages in SQL compilers and SQL learning environments, and for guiding generative AI
for enhanced error messages in order to minimize frustration caused by cryptic error messages, improving
learning and adoption, and reducing debugging time.
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1 Introduction
Software developers spend a significant amount of time interpreting error messages [4]. Several
studies have shown the importance of the development environment’s role in improving the user
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experience [14], reducing debugging time [30], facilitating student motivation [11], and increasing
user confidence [41]. Despite this practical importance, error messages are still perceived as a
source of much confusion and frustration [6, 25]. This state of error messages, especially regarding
programming language compiler error messages, is arguably not due to a lack of scientific research.
In fact, a recent literature review summarized hundreds of studies on programming language
compiler error messages [6], concluding that the effects of enhancing error messages on error
recovery are still inconclusive.

Despite the age of SQL and the compilers of different databasemanagement systems (DBMSs),
and the fact that SQL is still the de facto language for data management, taught in effectively all
information technology curricula in higher education [22, 45, 46], the number of studies on SQL
error messages is scarce. However, some studies have shown that there are differences in the
effectiveness of different SQL error message designs [41, 43], which arguably warrants further
investigation into the elements that make some SQL error messages more effective than others.

A recent study [43] compared the effectiveness of SQL error messages of four popular relational
DBMSs: MySQL, Oracle Database, PostgreSQL, and SQL Server by several factors. The results
indicated that PostgreSQL error messages facilitated somewhat higher rates of error fixing success
than those of MySQL, and that study participants felt that PostgreSQL error messages were more
helpful in error fixing than those of MySQL and Oracle Database. Other differences in error
message effectiveness between the DBMSs were not statistically significant or uniform. A recent
mixed-methods study [40] analyzed the results of eight relational DBMSs collectively rather than
individually. While this approach provides a broader understanding of general trends and patterns,
examining a single DBMS in isolation allows for deeper insights into system-specific behaviors
that might be obscured in an aggregate analysis. Such a focused approach can help refine database-
specific recommendations and contribute to a more nuanced understanding of error message design
and usability. For these reasons, we chose to investigate effective elements in PostgreSQL error
messages with the following research question (RQ):

RQ: What error message elements are perceived to contribute to an effective SQL error message?

To address this RQ, we collected data from 165 query formulation novices who had received
formal training in SQL and the fundamentals of relational databases. Our primary reason behind
studying query formulation novices is that beginners such as students arguably need more support
in query writing than experts, and benefit more from effective error messages. The participants
were shown 16 different erroneous SQL queries and respective error messages, and were asked to
both fix the errors and describe which elements in the error messages facilitated error recovery.
Therefore, our study focuses specifically to PostgreSQL error messages in a controlled setting where
the participants do not engage in a feedback loop with the PostgreSQL query compiler, but rather
fix pre-determined SQL errors and describe their experiences with the error messages.

The results indicate, among other findings, that novices value that the error message (i) commu-
nicates the position of the error, which is done in PostgreSQL via a line number as well as with a
caret symbol pointing to the precise error position on the erroneous line, (ii) clearly communicates
what is wrong, i.e., provides an explanation on what principle is violated, and (iii) contains a hint
on how the error could be fixed or speculates what the user might want to accomplish. We detail
the effective elements of each of the 16 queries, as well as discuss which error message elements the
participants deemed detrimental to efficient error recovery. These results are applicable in designing
SQL error messages for DBMS compilers, for SQL learning environments which implement custom
error messages, and for guiding language model-enhanced error message generation.

The rest of this study is structured as follows. In the next section, we describe the error recovery
process in general, prior works on compiler error messages as well as works specific to SQL error
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messages. In Section 3, we detail the participants, our data collection instrument and pilot study,
and data analysis. Section 4 and Appendix A contain the results, and Section 5 the implications of
our findings as well as threats to validity. Section 6 concludes the study.

2 Background
2.1 Error Recovery Process
Error messages are one of the primary methods an end-user communicates with software. Error
messages may be general system messages [38] displayed by operating systems, web pages, or
applications, or error messages output by computer language compilers [6]. Both of these types of
messages serve different end-users: some are intended for and read by software professionals, while
others serve all types of users. When an end-user encounters a system message, an error recovery
feedback loop begins [49, 51]. This loop is different for compiler error messages and general system
messages. In general system messages, the end-user has relatively limited options provided by the
user interface, while with compiler error messages, it is typically up to the developer to recover
from the error.

From a software developer perspective, error recovery consists of three phases [49, 51]. First,
error detection refers to the act of understanding that the piece of software code contains an error.
In terms of syntax errors, this is often communicated to the developer by the compiler via an error
message. In relational DBMSs, the syntax of SQL statements is checked by the query parser [17],
a software component responsible for determining aspects such as syntactical validity as well as
access rights to different database objects. Second phase, explaining refers to the developer trying to
interpret the error message and find the error. As SQL statements, especially transaction processing
statements, are often relatively short compared to units of execution in programming languages,
finding the erroneous part arguably plays a less significant role in SQL than in programming
languages. In the final phase of error fixing, the developer attempts to modify the software code to
fix the error. As this process of submitting a fix and receiving output from the compiler typically
repeats until the error is fixed, this process is often called a feedback loop between the developer
and the compiler. From a human perspective, the compiler is largely a black box that determines
whether the feedback loop ends or continues. Consequently, it is only natural that especially
novices view the compiler as an unerring authority [41] that has the final say whether the query is
erroneous or not.

2.2 Error Messages
In contrast to programming language compiler error message research, SQL error messages have
received little scientific attention. Programming language compiler error messages have been
studied extensively [6] with languages such as Java, C#, and Python. Scholars and educators have
focused on topics such as understanding the most common logical [15] and syntactical errors
[10], student difficulties with error messages [1, 29], proposing tools to facilitate error recovery [2,
26, 28, 32], and enhancing compiler error messages [3, 8, 9]. Especially enhancing programming
language compiler error messages has been seen as a vital research goal, and there have been
several proposals for error message redesign guidelines [47], as well as attempts to study if and
how enhanced error messages facilitate error recovery. However, while some studies have shown
success in enhancing error messages [e.g., 5, 6], other studies have implied inconclusive or negative
results [e.g., 31, 52].

Several authors have proposed guidelines for more effective, user-centered error messages, many
of which are based on expert opinion. For example, a study on programming language compilers
published in 1974 proposed guidelines such as be as specific as possible, be user-directed, and be
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source-oriented, the latter two meaning that the error message should focus on what the user has
done instead of what the compiler has done, and this should be communicated in regards to the
user’s source code instead of the compiler’s source code [18, p. 543]. In 1982, a study on more
general system messages proposed rather similar guidelines such as be brief and be comprehensive
[38]. Guidelines along similar lines have also been proposed later [cf. e.g., 47]. More recently,
scholars have also focused on more nuanced aspects such as error message readability [7, 12, 13].
Additionally, generative AI tools have been proposed in enhancing error messages of programming
language compilers [27], yet the results in educational contexts have at least initially been minor
or even detrimental [24].

2.3 SQL Error Messages
For a programming language, there is often a limited selection of compilers available. In contrast,
the SQL language is defined by the SQL Standard [20, 21], which is in turn implemented by a
myriad of DBMSs (such as PostgreSQL) or storage engines (such as InnoDB). Each implementation
is different regarding how query syntax is processed and what is considered a syntax error [33], as
well as which keywords are available and how they work [39]. Consequently, effectively all DBMSs
have different SQL error messages.

In late 1970s and early 1980s, a set of studies proposed that the DBMS should provide at least some
lexical support in query writing such as a synonym dictionary for database objects such as table
and column names [34–36]. More recently, studies have shown that different SQL error messages
seem to have an effect on syntax error fixing success and the user’s error recovery confidence in
both older relational DBMSs [43] as well more novel NewSQL systems [41].

Despite scientific efforts towards enhancing programming language compiler error messages, it
still remains largely unclear what contributes towards making an SQL error message effective. One
study on SQL error messages indicated that the general system message guidelines [38] poorly
explain error fixing success in SQL query formulation [40]. The same study—in contrast to many
guidelines based on expert opinion [e.g., 18, 38, 47]—formulated a framework for SQL error message
design based on empirical data. The framework consists of nine guidelines such as explain why
the error occurs and provide working examples of similar query concepts. Despite the fact that the
framework was based on empirical, qualitative data, the effects of designing SQL error messages
based on the framework have shown that some of the guidelines proposed by the framework
facilitate more successful error recovery, while other guidelines might be detrimental to error
recovery [42]. In other words, what query writers think would help them in error recovery seems
to be partly separated from what actually helps them in fixing errors successfully. On the other
hand, at least one study [41] has shown correlation between perceived error message usefulness
and effective usefulness.

Given the prior body of knowledge, especially the mixed-method study on error messages in
different DBMSs [40], our work makes the following contributions. First, we provide insights
specific to PostgreSQL, as opposed to a more general approach (eight different DBMSs). Second, our
analysis is based on a large qualitative dataset of 165 participants, as opposed to fewer observations
(approximately 40 observations for PostgreSQL). Third, this study provides scientific evidence
potentially supporting or contesting the more general insights provided by earlier studies.

3 Method
3.1 Participants
We recruited the study participants from an undergraduate database and data management course
given at the university of the second author. The students majored in computer science, software
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engineering, or information systems. The course outline consisted of conceptual modeling, database
normalization, database distribution, data warehousing, and practical SQL exercises with SQLite.
In addition to course material such as lectures and exercises, students could use any resource at
their disposal during the course. At the end of the course, the students were asked to answer our
survey. Answering was voluntary, and carried no advantages or disadvantages. Prior to answering,
the students were shown a full privacy statement detailing how the data they submit will be used
in our analysis. A total of 165 students (response rate 81%) chose to participate. As we wanted to
focus on the technical aspects of SQL error messages, we chose not to complicate or lengthen our
data collection with demographic data.

3.2 Data Collection Instrument
A prior study reported several data collection instruments for assessing the SQL error message
qualities [43]. Since the same study reported that PostgreSQL error messages are, with a small
margin, the most effective by several metrics, we chose to utilize the instrument for PostgreSQL
error messages to understand what makes them effective. The data collection instrument consists
of 16 SQL queries (or tests), each of which contains a different syntax error, and the corresponding
error message output by PostgreSQL. Each of the 16 queries embodies one of the 16 most frequent
SQL syntax errors identified by an earlier study [44].

All participants were shown each SQL query, one at the time, and asked to fix the error, and
to describe what elements make the error message effective, given the purpose of the query. Both
questions were answered in free-form input fields. In some cases, participants were verbose on what
makes the error message effective, providing several considerations. In some cases, the participants
left their answer blank. The data collection instrument is available as supplementary online material
S31 of a prior study [43]. Each test in the data collection instrument consists of a database schema
diagram, a task in natural language, a corresponding yet syntactically erroneous SQL query, a
resulting error message, and questions for the participant to answer. We modified this instrument by
removing the four control questions and three Likert questions, and adding the free-form field for
describing the effective elements in the error message. The instrument has not been systematically
validated.

3.3 Pilot Study
We conducted a pilot study with 25 participants. These 25 participants belonged to an earlier student
cohort as the 165 participants in the study proper. The pilot study was conducted with the same
protocol as the subsequent study proper. All the 25 participants answered the 16 questions provided
in the data collection instrument, yielding a total of 400 answers for qualitative analysis. The pilot
study data were analyzed by the first two authors by utilizing conventional content analysis [19],
according to which the data are analyzed without preconceived categories, and the categories and
their names are conveyed from the data. The first two authors analyzed the data by discussing each
of the 400 answers, solving discrepancies, formulating categories of explanations, and merging and
splitting categories to achieve a certain level of abstraction. Nine explanations for what elements
make PostgreSQL error messages effective were found: the error message (i) shows the position of
the error, (ii) tells what is wrong with the query, (iii) speculates on what the user might want to
accomplish, (iv) is written in common English, (v) contains an example, (vi) tells how to fix the
query, (vii) contains a hint on what the user might want to accomplish, (viii) is descriptive, and (ix)
has a line number that shows the position of the error. These explanations are not listed in any
particular order. It is worth noting that there is some level of overlap in these explanations, e.g., in

1https://ars.els-cdn.com/content/image/1-s2.0-S016412122100131X-mmc3.pdf.
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Fig. 1. Initial data analysis steps and authors (A) who participated in the analysis steps; a white rectangle
represents raw data, a gray rectangle an analyzed dataset, a solid line analysis, a dashed line division of data,
and a blue dotted line comparison of analyzed datasets to determine inter-rater agreement; Cohen’s kappa
(κ) and 95% confidence intervals are presented along with the dotted lines.

(i) and (ix). This is due to different levels of abstraction different participants chose. The overlap of
these particular explanations might be due to the fact that PostgreSQL indicates the error position
with both line numbers as well as a caret symbol (cf. Figures in Appendix A).

3.4 Data Analysis
In addition, for preliminary testing of the research setting, the nine explanations from the pilot
study provided a starting point for the analysis of the answers yielded by the 165 study participants.
We analyzed the data by utilizing directed content analysis [19], using the nine explanations as
initial codes. When an answer that did not fit any of the explanations was encountered, a new
code and explanation was formulated. This was done in three phases. First, we selected 10% of the
dataset. This subset was divided into four parts, and each part was independently coded by one
author (authors A3 to A6, cf. Figure 1). Second, another author (A2) independently coded the same
10% of the dataset, and the first author (A1) compared the codes of the second author (A2) and the
rest of the authors (A3 to A6) to determine inter-rater agreement to assess the portion of subjective
interpretations with Cohen’s kappa (κ). Inter-rater agreement was observed to be high (κ being
between 0.72 and 0.87), possibly due to the brevity of the answers. Next, authors A3 to A6 each
proceeded to code the rest of the answers for error messages assigned to them. Finally, authors A1
and A2 convened to discuss whether new codes created independently by authors A3 to A6 were
similar enough to be merged. We coded a total of 2,052 responses.

ACM Transactions on Computing Education, Vol. 25, No. 2, Article 24. Publication date: June 2025.
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Table 1. The Number of Mentions of Elements in All 16 Error Messages Which Facilitated or Complicated
Error Recovery

Facilitating element Complicating element
813 (40%) Shows error position. 180 (9%) Does not tell what is wrong.
526 (26%) Tells what is wrong. 179 (9%) Is not written in clear English.
184 (9%) Shows the line number. 169 (8%) Does not provide an example.
130 (6%) Is descriptive. 104 (5%) Does not show exact error position.
129 (6%) Contains a hint. 30 (1%) Does not mention other errors in the query.
92 (4%) Tells how to fix the error. 28 (1%) Describes an error that is not relevant in this context.

The theoretical maximum number of occurrences of one element is 2,640 (16 queries × 165 participants), although not all
error messages contain all the elements.

4 Results
During the analysis, we observed that many participants, in addition to describing the elements
contributing to effective error messages, also pointed out elements that complicated error recovery.
Due to the large number of these mentions in the data, we have also listed elements complicating
error recovery in Table 1, although several of them are simply a facilitating element phrased
differently. The numbers of occurrences of the elements are closely related to the 16 queries
described in Section 3.2. For example, the number of occurrences of the facilitating element error
message contains a hint would arguably be greater if more than three of the queries contained a
hint. Therefore, Table 1 merely provides an overview of the facilitating and complicating elements
of error messages, and for more in-depth analysis, please refer to Appendix A. For example, simply
providing a hint is not intrinsically helpful, but the hint must also be phrased correctly. Only the
six most mentioned elements are listed in Table 1, as the numbers of occurrences of other elements
were less than 1%.

Query-by-query insights on the facilitating elements are detailed in Appendix A due to their
length. Most of the effective elements in the 16 error messages were uniform. The participants
appreciated, above all, that the error message shows the position of the error (with a line number
or more accurately, with a caret symbol), tells what is wrong in the query, is descriptive, and helps
the query writer fix the error by providing hints or more straightforward suggestions. In contrast,
if the error message failed to indicate what is erroneous or was worded ambiguously, the error
message was perceived to hinder error recovery.

The responses of the participants were overall short, typically consisting of one or two short
sentences. Table 2 contains selected quotations based on the insights gained during the coding
process. We deemed these quotations particularly representative, insightful, or detailed enough to
include. For example, quotations #1, #7, #8, #9, and #15 commended the error message for giving a
hint, or suggested adding a hint if one was missing. Quotations #4 and #5 commended the error
message for pointing specifically to the erroneous position, while quotations #6, #10, #11, and #13
criticized the error message for being misleading about the error position. Quotation #3 goes into
detail on several positive and negative aspects of the error message, as well as discusses how the
compiler perhaps worked in this error recovery situation. Quotation #2 expresses frustration about
the generally obscure nature of the error messages, and quotation #14 criticizes the message for
not communicating that the problem was a duplicate clause. The quotations in Table 2 also show
the dual nature of the responses, as some participants discussed elements that were helpful, some
elements that were detrimental to error recovery, and others discussed both.

Overall, the participants valued error messages which clearly communicated the position of the
error. Additionally, hints in error messages were appreciated when they were useful. For example,
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Table 2. Selected (Q)uotations with (P)articipant and (E)rror (M)essage Identifiers

Q# P# EM# Quotation
1 12 T01 The error message specifically stated what type of error it was and from which line it could be

found.There is not too much data in error messages in this scale… so it probably wouldn’t hurt
to list found redundancies, e.g., “column ‘name’ in table Product, ‘name’ in table Supplier…”
etc.

2 101 T01 For a novice SQL user, error messages don’t really tell anything. Every error message is
checked using the famous Google. The situation would surely be different if I had more
experience with SQL.

3 153 T02 Useful was the reference to the occurrence of the error, a general description of the nature
of the error, and detailed information about the column causing the error in this case.
Admittedly, the error message did not direct the user straight to the correct solution because,
in this case, the user was not supposed to compare the values of two columns but one column
value to a fixed string. However, since both use cases are possible, the compiler cannot, in
my opinion, infer which use case the user has in mind in a general case. Therefore, I don’t
think there’s a reason to try to improve the error message in this regard. The compiler seems
to stop processing when encountering the first error, so the equivalent error hidden in the
second operand of the OR operator may go unnoticed by the user, so the error message could
possibly be improved by searching for and printing other similar errors.

4 99 T03 Useful was that I knew where the error was and that the statement was correct up to that
point. However, this leads me to act in a way that I check up to that point, try again, and
move on to the next error… so the end might be incorrect even after fixing the error, which
confuses me.

5 120 T04 Pointed to the right place but misled about the cause of the error. In my opinion, the error
message should not assume the cause of the error if it cannot be entirely certain about it.

6 43 T05 Again, the same as before—the error message points out the wrong position, which may be
misleading at first glance. However, the crucial aspect is that the error message indicates on
which line the error is, as it is easy to start investigating from there.

7 12 T07 A quite perfect error message when the description of the error was accurate, and a hint was
provided on an appropriate way to fix the error.

8 117 T07 In my opinion, this is an exemplary error message that provides both necessary general and
detailed information for fixing the error, along with clear instructions for correction.

9 162 T07 By far the most useful error message so far. The error message was so helpful that it would
solve the problem even for someone who is not very familiar with SQL.

10 76 T08 Maybe it pointed to the right line, but placing the error at the LIKE part made finding the
actual error unnecessarily difficult.

11 3 T08 The error message indicates the location of the error. However, since the error message reads
that the error is near the LIKE part, and line 3 presents the entire statement, one might not
necessarily pay attention to the incorrectly written WHERE keyword. In my opinion, it would
be better if the error directly referred to the WHERE keyword.

12 102 T09 The error message led me completely to wrong tracks… I started looking into why the system
would treat e-mail as a Boolean. However, this time the location of the error was correct,
which was a plus.

13 66 T11 The “Error” statement precisely indicates where the issue is, but on the other hand, the caret
now slightly misleadingly points to the wrong line. As an improvement suggestion, another
arrow pointing to the GROUP BY line.

14 90 T13 The error message does not tell what’s wrong in the syntax, as the WHERE clause was written
correctly. The message could suggest using AND because there were multiple WHEREs in a row.

15 22 T15 The error was easily found, but there was no hint for correction. For example, “Did you mean
p.price_usd?” might not be entirely impossible as an error message.

The error messages are listed in Appendix A.
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the error message for query T07 (Figure A7) seems to be the archetype of an effective PostgreSQL
error message. The hint in this error message (“HINT: Perhaps you meant to reference the column
‘employee.fname’ or the column ‘employee.sname’.”) was deemed effective by 34 participants (over
20%), while the hint in the error message of query T04 (Figure A4, “HINT: No operator matches
the given name and argument types. You might need to add explicit type casts.”) was not deemed
effective by any of the participants. On the other hand, many participants were disappointed or even
frustrated when the error message incorrectly identified the error position or provided misleading
suggestions.

5 Discussion
5.1 General Discussion
It has been hypothesized that especially self-reliant students merely read the line number from
error messages [37]. If students can fix the errors without further consulting the error message,
choosing not to read the error message further should not be problematic. It has also been proposed
to encourage programming students to deliberately formulate erroneous code in order to engage
more with error messages [48]. Although this approach appears productive in terms of learning,
we believe it is justified to speculate whether novices should learn both the computer language and
the language of the compiler, i.e., how a compiler communicates and what the messages mean.
An earlier study on SQL error messages showed a quote from a participant, reading “Perhaps the
message is technically the correct way to describe the error, but from a human perspective, this
seems incomprehensible.” [40]. In this regard, some error messages can make sense only if the
reader understands how the compiler processes information. Arguably, this approach is easier for
the developer designing the error messages, but unnecessary, since the compiler does not need
to understand the error message, only output it. The following cynical quotation from one of our
participants, “The best thing about error messages is that you can copy-paste them into Google,”
somewhat highlights the fact that some students simply skip trying to interpret the error message
themselves, as some error messages are only useful when complemented with online search engines.
Teaching students how a DBMS compiler interprets queries does not seem feasible, since all DBMS
compilers work differently, and output different error messages for the same syntax error. For
several DBMS vendors, the detailed documentation of DBMS internals (compiler included) is not
publicly available.

Our interpretation is that the participants acknowledged that errormessages are often problematic
in their wordings and content. Possibly for this reason, many participants valued that the error
messages accurately pinpointed the erroneous part of the query. In PostgreSQL error messages,
the caret symbol seems to be the single most useful element in the error message, although at
least one participant did not understand what the caret is supposed to represent. Given the simple
and short nature of the erroneous queries in the test suite, and the fact that pinpointing the error
position was deemed the single most effective element, it seems reasonable to argue that long SQL
statements which can span dozens or even hundreds of lines of code will benefit even more when
the error position is clearly shown in the error message.

Several participants pointed out in their responses (e.g., quotations #5, #6, #10, #11, #12 and #13
in Table 2) that the error message provided an incorrect hint or confused them in some other way.
As can be seen in the quotations, such discrepancies in what the respondents know is incorrect and
what the SQL compiler deems incorrect is a source of frustration, at least among novices. These
findings are in line with programming language error message studies [47, 50]. It remains unclear
whether misleading hints caused lower success rates in query fixing. While our research setting has
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Table 3. A Summary of Practical Implications of the Results of This Study Divided into Education and
Software Industry

Practical implication

Ed
uc

at
io
n Teaching students how to read error messages can now focus on the most effective elements of the message.

Novices may now focus on the most effective elements when debugging queries.
By focusing on systems with clear error messages, student frustration can potentially be reduced.
Error messages with the identified elements may be implemented in SQL learning environments.

In
du

st
ry

SQL compiler feedback can be redesigned to focus on the effective elements identified.
SQL error message wording and structure can be iterated based on the findings.
Error messages that are effective potentially reduce time spent on debugging.
By implementing user-centered error messages, DBMS vendors can differentiate their products in the market.

confounding factors (e.g., differences in query complexity) that make determining this relationship
unreliable, this remains an interesting future research topic.

Overall, our findings are, with some exceptions, in line with what was suggested in a closely
related, earlier study [40]. However, due to the fact that our study was only concerned with
PostgreSQL, and this previous study [40] with the error messages of eight DBMSs, the quantities
of mentions of different effective or detrimental elements cannot be compared. That is, some
error message problems identified in the earlier study are not applicable to PostgreSQL error
messages. Despite the different RQs and focus of these two studies, the results presented in our
study partly validate the results presented earlier [40], as many of the suggestions for error message
improvements are in line with the elements deemed effective in our study.

5.2 Practical Implications
There are several potential implications of redesigning error messages, summarized in Table 3. SQL
compiler error messages are the primary way users receive feedback when there is a syntax error in
their SQL queries. Thus, as the results of this study showed, it is important that effective messages
include clear (“shows error position”), informative (“tells what is wrong”), and actionable (“tells
how to fix the error”) feedback to enhance the user experience and reduce user frustration. Effective
error messages can potentially reduce the time it takes for users, including database administrators
and developers, to locate and fix SQL errors. This can, in turn, lead to more efficient troubleshooting
and software development. Especially for individuals new to SQL, well-crafted error messages can
be valuable learning tools, as they can provide insights into SQL syntax and help users understand
the language better, potentially promoting the adoption of SQL or a particular DBMS. Furthermore,
database support and maintenance can be costly. More effective error messages might help users
resolve common issues independently, which could reduce the need for extensive technical support,
and help more casual SQL users write queries easier.

An earlier study [40] analyzed the SQL error messages of eight relational DBMSs and participant
answers on how to improve the error messages. The findings of that study suggest that the error
message should (i) not contain unnecessary information such as error codes or environmental
variables (PostgreSQL does not report either), (ii) mention all syntax errors in the query (PostgreSQL
mentions only the first error encountered, yet SQL Server tries to mention several), (iii) specify the
position of the error (PostgreSQL does this with both the line number as well as the caret symbol),
and (iv) describe what causes the error and how the error can be fixed.

An earlier study remarks that many SQL compilers have qualities that others do not [40]. These
qualities can either facilitate or hinder error recovery, and the presence or absence of these qualities
does not seem to be tied to the age of the compiler [40]. That is, it seems that the implementation
of human–computer interaction practices are not necessarily taken into account in compilers
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developed in the 1980s, nor in the 2010s. In summary, many DBMSs have effective error messages,
but none of the eight DBMSs studied before [40] seem to implement all beneficial qualities. If we
examine the error message qualities of eight DBMSs in light of the findings yielded by this study,
we can observe that line numbers are provided by SQL Server and PostgreSQL, and sometimes
by MySQL (InnoDB), SingleStore (InnoDB), and NuoDB, while Oracle Database, CockroachDB,
and VoltDB provide no line numbers in their error messages. However, CockroachDB sometimes
implements the caret symbol pointing to the erroneous position, along with PostgreSQL and
NuoDB. Providing merely a line number can be problematic if the line of SQL code is long, as there
are no technical limitations on the length of lines of code. On the other hand, providing merely
the caret symbol may be problematic, if there are similar lines of code in the same, lengthy SQL
statement. Only PostgreSQL and VoltDB seem to provide hints on how to fix the error, but only for
some syntax errors.

DBMS vendors have been seemingly reluctant in revising and redesigning SQL compiler error
messages [39]. Consequently, we are not particularly hopeful that the results yielded by this study
will change that. However, as different language models have shown much promise in both natural
language to SQL translation [16, 23], interpreting and correcting strange and cryptic error messages
seems arguably a goal at least partially achievable in the near future. We are currently investigating
how to incorporate small, domain-specific language models into learning environments and as
plugins to DBMSs to enrich and restructure DBMS error messages, similarly to tools such as pg4n.2

Rather than perhaps using language models to formulate yet another set of cryptic error messages,
we hope that the results attained here can guide the instructions on which elements the refactored
error messages should and should not contain. An example of a practical application would be to
send an input to a generative AI service which uses a language model, and use its output as an
iterated error message [cf., e.g., 24]. The input could consist of the original, erroneous query, the
original syntax error output by the DBMS, database structure which can be queried from DBMS
metadata, and natural language instructions following the insights uncovered in this study, e.g.,
“show the position of the error in the query, tell why the query is erroneous, and show hints on
how the error could be fixed, but do not fix the error.”

5.3 Threats to Validity
The dataset analyzed in this study was collected from one student cohort, from one university,
which poses a threat to validity regarding the generalizability of the results. Despite this one-cohort
limitation, the coding of the dataset yielded by the pilot study (i.e., a different cohort) indicates that
largely similar observations were made on the effectiveness of the error messages regardless of
student cohort. However, the potential effects of, e.g., culture and teaching style related differences
remain open questions due to the one-university aspect of the dataset.

In this study, we considered only error messages output by PostgreSQL. Therefore, it is intrinsic
that the participants focused on the elements that they perceived effective in the error messages of
PostgreSQL. It is possible, even likely, that there are other DBMSs that have effective elements in
their respective error messages, which are not present in PostgreSQL’s error messages. However,
we wanted to limit the scope of this study to PostgreSQL, which has been shown to have relatively
effective error messages in terms of error fixing success rate [43]. A potential future research
avenue would be to find out whether other DBMSs have different effective elements. One earlier
study has briefly discussed the elements in different DBMS error messages without investigating
which of these elements are effective [40].

2https://pypi.org/project/pg4n.
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The data collection instrument used in this study introduces an unnatural environment. While it
is common that software developers read and interpret program code (SQL included) written by
others, it is also common that learners write their program code from scratch. The data collection
instrument had erroneous SQL queries which the participants were instructed to fix.These erroneous
queries were not written by the participants, but given as-is by the data collection instrument.
Furthermore, the data collection instrument did not initiate an error recovery feedback loop, because
the participants were not informed whether they fixed the erroneous query correctly. We considered
using a more free-form data collection environment instead of the survey instrument, but deemed
the potential confounding variables larger threats to validity. For example, if we did not provide
the erroneous queries, but let the participants commit the syntax errors themselves, we would
have risked that the participants would not have committed syntax errors, or committed syntax
errors which would not have invoked different PostgreSQL error messages for the participants to
describe. In summary, our research setting focused our participant responses to technical aspects
we wanted to study, while introducing an unnatural error recovery environment.

Finally, it is worth noting that the results of this study, while empirical findings, are still sub-
jective opinions of the study participants. We did not study if the elements found effective by the
participants indeed contribute to, e.g., higher success rates in error recovery or less time taken to
fix SQL syntax errors. However, it has been shown that subjective perceptions on what is useful
in SQL error messages correlate with objective metrics for success in SQL error recovery [41].
An interesting future research topic would be to divide study participants into groups, where one
group is shown an error message with a selected element, the other one without this element,
and then compare success rates or fix time in error recovery to understand whether a particular
element is indeed effective.

The interpretation of Cohen’s κ depends on the context of the data and the field of study. In this
study, the observed values of κ were high. As inter-rater agreement is context-dependent, even low
values would arguably not have posed significant threats to validity, as the goal of our study was
to qualitatively assess error message qualities, and the number of occurrences of specific mentions
of each effective element plays a smaller role in our analysis.

6 Conclusion
SQL error messages are the primary way of communication between software developers and SQL
compilers in error recovery situations. Despite the prevalence of SQL, many DBMSs have cryptic
and unhelpful error messages. Some studies have shown that PostgreSQL has some of the more
helpful error messages. In this study, we set out to investigate which elements of PostgreSQL’s error
messages are perceived most helpful by novices in error recovery situations. The results indicate
that novices value, above all, that the error message communicates the location of the error, uses
clear descriptive language, and suggests how the error could be fixed. These findings are applicable
in redesigning SQL compiler error messages in both DBMS compilers and in different learning
environments and DBMS extensions.
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Appendix
A Effective ElementsQuery-by-Query
This appendix contains all the queries with a syntax error, the resulting error message, and partici-
pant answers on which elements are effective in the error message. In Figures A1–A16, the numbers
inside parentheses indicate the number of participants who deemed the element effective. We list
elements that were mentioned at least twice in the data. The theoretical maximum number of
occurrences for a single element is the number of participants (165). The number of coded responses
for each query is indicated in the figure captions. One response may mention several elements.

Fig. A1. Query T01 (156 responses).
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Fig. A2. Query T02 (117 responses).

Fig. A3. Query T03 (122 responses).

Fig. A4. Query T04 (123 responses).

Fig. A5. Query T05 (113 responses).
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Fig. A6. Query T06 (117 responses).

Fig. A7. Query T07 (165 responses).

Fig. A8. Query T08 (119 responses).
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Fig. A9. Query T09 (119 responses).

Fig. A10. Query T10 (132 responses).

Fig. A11. Query T11 (119 responses).

Fig. A12. Query T12 (140 responses).
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Fig. A13. Query T13 (120 responses).

Fig. A14. Query T14 (128 responses).

Fig. A15. Query T15 (134 responses).

Fig. A16. Query T16 (128 responses).
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