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ABSTRACT

Elixir is a modern functional programming language that is steadily
gaining popularity in the industry. However, there is still limited
research on the internal code quality produced using this language.
To address this gap, this Ph.D. thesis explores code smells and refac-
torings specific to Elixir, taking inspiration from Fowler’s classic
catalogs. The first two studies employed a mixed-methods approach
to identify and catalog 35 code smells (including 23 new ones and
12 commonly known), validated by 181 developers, as well as 82
refactorings (14 of which are novel), validated by 151 developers.
The third study mapped relationships between code smells and
corresponding refactorings, proposing practical guidelines for their
systematic elimination. These findings had a real impact on the
community of developers working with the language, contribut-
ing both to the prevention of code smells and to supporting the
prioritization of refactorings in Elixir development.
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1 Introduction

Ensuring product quality is a key concern in engineering disciplines,
including software engineering. Software quality can be assessed in
terms of external (e.g., usability, efficiency) and internal attributes
(e.g., maintainability, readability) [15]. Over time, repeated mainte-
nance degrades internal quality [13], as noted by Fowler [9], who
attributes a project failure to excessive code complexity.

Fowler’s experience led to a seminal catalog of 72 object-oriented
refactorings and 22 code smells [9]. These smells indicate poor
design and opportunities for improvement. However, developers’
perception of code smells may vary by domain [8, 19], and each
language introduces specific challenges [14]. As a result, several
studies explore smells and refactorings in diverse contexts, such as
mobile apps [10, 11], Web development [7, 17], games [3, 16], and
languages like Java [6], Python [26, 27], Ruby [4], and quantum
computing [28]—most focused on object-oriented systems [1, 18].

Although traditionally less popular, functional languages are
gaining traction in the industry [2]. Elixir, a modern functional
language inspired by Ruby, Haskell, Erlang, and Clojure [12], is
now adopted by over 300 companies worldwide, including Adobe,
Discord, and Brazilian companies like Stone and Rebase.! Known
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for performance in distributed systems [20], in recent Stack Over-
flow surveys,2 Elixir ranked as the second most admired language,
Phoenix®—a well-known framework of the language—became the
most loved web framework, and Elixir developers are among the
highest paid.

Despite its growing relevance, there is no prior research on code
smells or refactorings tailored to Elixir. As with any language, Elixir
developers are susceptible to poor design choices and must refactor
code to improve maintainability and testability, for example. Thus,
this Ph.D. thesis fills this research gap by addressing the absence of
studies on internal quality in Elixir systems.

Our goal is to prospect, document, evaluate, and correlate
code smells and refactorings specific to Elixir, drawing inspira-
tion from Fowler [9], but adapted to a functional setting. The thesis
is organized into three main working units:

(1) We cataloged 35 Elixir code smells from grey literature, open-
source code, and direct interactions with developers. These
were validated by 181 Elixir developers.

(2) We documented 82 refactorings for Elixir, with before-and-
after examples and side conditions, validated by 151 devel-
opers.

(3) We mapped the relationships between the smells and refac-
torings, offering practical guidance to support disciplined
code improvements.

Besides this introduction, Section 2 presents the research meth-
ods, Section 3 details the main results, Section 4 presents some
possibilities for future work, and Section 5 presents the full version
of the paper that describes the main aspects of this thesis, as well
as references to its key scientific and practical contributions.

2 Research Method

In the first, to build a catalog of Elixir code smells, we first performed
a qualitative study extracting smells from 17 grey literature docu-
ments, 25 GitHub community artifacts (issues and pull requests),
and 46 mined code artifacts. Second, we validated this catalog via a
survey with 181 experienced Elixir developers from 37 countries,
who rated each smell’s relevance and prevalence on a 1-to-5 scale.
Figure 1 summarizes this process.

In the second unit, targeting Elixir refactorings, we first con-
ducted a systematic literature review of 135 papers to identify refac-
torings from functional languages compatible with Elixir. Second,
we collected refactorings from 26 grey literature sources and third,
mined 119 artifacts from the top-10 starred Elixir GitHub reposi-
tories. Fourth, we validated the catalog with 151 Elixir developers

Zhttps://insights.stackoverflow.com/survey
3https://phoenixframework.org/
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Figure 1: Overview of methods for cataloging code smells

from 42 countries through a similar survey. Both surveys were
approved by the Research Ethics Committee at UFMG. Figure 2
illustrates key steps in constructing our refactorings catalog.

=i:]
B

391 papers 111 documents
(135 Selected) (26 selected)

</>

§> ©) GitHub o

82 Refactorings
488 artifacts for Elixir
(119 selected)

Figure 2: Overview of methods for cataloging refactorings

In the third unit, aiming to correlate smells and refactorings as
Fowler [9] did, we first manually mapped each of the 35 smells to
one or more of the 82 refactorings, defining applicable refactorings
to remove each smell for Elixir and their recommended order in
a sequence. Second, we classified motivations for refactorings not
linked to smells to understand these gaps.

Detailed descriptions of these methods are provided in Chapters
3-5 of the thesis [5].

3 Results Overview

In the first working unit, we proposed a catalog of 35 code smells
for Elixir, including 23 novel Elixir-specific and 12 traditional
smells (as proposed by [9]). Elixir-specific smells were grouped into
Low-LEVEL CONCERNS (9) and DESIGN-RELATED (14). Each smell was
documented with name, category, problem description, examples,
and suggestions for improvement. The complete catalog is publicly
available at https://github.com/lucasvegi/Elixir-Code-Smells.

The with construct is a conditional feature unique to Elixir,
designed for chaining multiple pattern matches. It evaluates a se-
quence of expressions against specified patterns, returning a prede-
fined result if all matches succeed, or the value of the first failing
match otherwise [12]. Optionally, a with expression can include an
else clause to handle cases where pattern matching fails, which
may introduce a code smell. For instance, Listing 1 illustrates the
COMPLEX ELSE CLAUSES IN "WITH" smell, where consolidating the
handling of multiple error scenarios within a single else clause
negatively affects both readability and maintainability.

Through the results of the survey conducted in this first unit to
validate the smell catalog, we also showed that 97% of the smells
are at least moderately relevant, and 54% are at least moderately
prevalent in Elixir systems, suggesting both practical and research
implications. More details about the survey results and implications,
as well as examples of all smells, can be found in Chapter 3 of the
thesis [5] and in our catalog on GitHub.

Vegi and Valente.

Listing 1: Example of CoMPLEX ELSE CLAUSES IN "WITH"

1 def open_decoded_file(path) do

2 with {:0k, encoded} <- File.read(path),

3 {:0k, value} <- Base.decode64(encoded) do
4 value

5 else

6 {:error, _} -> :badfile

7 error -> :badencoding

8 end

9 end

In the second working unit, we proposed a catalog of 82 refac-
torings for Elixir, classified into 14 ELIXIR-SPECIFIC, 32 FUNCTIONAL,
11 ERLANG-SPECIFIC, and 25 TRADITIONAL refactorings. Full de-
scriptions, examples, and categories are provided in Chapter 4 of
the thesis [5] and online at https://github.com/lucasvegi/Elixir-
Refactorings.

One representative refactoring is PIPELINE USING "WITH", which
replaces nested conditionals with a sequence of pattern-matching
clauses, maintaining the original behavior of the code while im-
proving code clarity. Listings 2 show a before-and-after example of
using this transformation strategy in the update_game_state/3
function.

Listing 2: Example of using the PIPELINE USING "WITH"

1 # Before refactoring:

2

3  defp update_game_state(state, index, user_id) do

4 {move, _} = valid_move(state, index)

5 if move == :ok do

6 players_turn(state, user_id)

7 |> case do

8 {:0k, marker} -> play_turn(state,index,marker)

9 other -> other

10 end

1 else

12 {:error, :invalid_move}

13 end

14 end

1 # After refactoring:

2

3 defp update_game_state(state, index, user_id) do

4 with {:ok, _} <- valid_move(state, index),

5 {:0k, marker} <- players_turn(state, user_id),

6 {:0k, new_state} <- play_turn(state, index,
marker) do

7 {:0k, new_state}

8 else

9 (other -> other)

10 end

11 end

Analyzing the results of the survey that validated the catalog
of refactorings for Elixir created in this second working unit of
the thesis, we found that 70.6% of the refactorings are at least
moderately prevalent and 92.7% are at least moderately relevant,
respectively, suggesting that developers should prioritize learning
and applying them.

Finally, in the third working unit, we correlated all 35 code
smells with 82 refactorings to support their disciplined removal.
We mapped 176 relationships between code smells and correspond-
ing refactorings for Elixir, which can be applied to eliminate these
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smells. Detailed descriptions of these relationships can be found
in Chapter 5 and Appendix D of the thesis [5], as well as at https:
//doi.org/10.5281/zenod0.14990421. We also identified five compos-
ite refactorings (i.e., , sequences of atomic transformations [9]) used
in smell removal. All smells were associated with at least one sup-
porting refactoring, while 12 refactorings were not mapped to any
smell. Traditional refactorings were involved in 51.14% of the map-
pings, reinforcing their relevance even in functional programming
contexts.

The results of this third working unit can assist developers, espe-
cially those new to Elixir, in systematically improving code quality.

All results from this research, including those mentioned above,
are detailed in Chapters 3 to 5 of the thesis [5].

4 Future Work

This thesis opens several avenues for future work: (i) evaluating the
suitability of classical metrics for detecting Elixir-specific smells and
proposing new metrics when necessary; (ii) creating or adapting
smell detection tools for Elixir; (iii) building automated refactoring
tools; (iv) cataloging composite refactorings; (v) studying behavior
preservation during Elixir refactorings; (vi) analyzing interrelations
among Elixir smells; (vii) evaluating refactoring effects on software
quality; (viii) generalizing the catalogs to functional programming.

5 Previous Work Reference

The full version of the paper describing the main aspects of this
Ph.D. thesis was published in the CBSoft’25 proceedings [21]. The
original thesis and the accepted papers resulting from this research
are available at the Institutional Repository of UFMG: the thesis
itself [5], and papers published at ICPC 2022 [22], ICSME 2023 [23],
EMSE 2023 [24], and EMSE 2025 [25], respectively.
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