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ABSTRACT

The growing reliance on Application Programming Interfaces
(APIs) in modern systems architecture makes the quality of
their documentation critical for abstracting complexity and
ensuring effective consumption by developers. However, API
documentation frequently suffers from issues arising from
maintenance and prioritization failures, leading to opera-
tional difficulties, integration errors, and systemic malfunc-
tions. This work presents a Systematic Mapping Study (SMS)
focused on identifying and categorizing problems, impacts,
and mitigation strategies related to API documentation. The
primary study search stage retrieved 314 studies from the
Scopus database, which, after filtering and snowballing, re-
sulted in the selection of 61 studies. The mapping revealed 26
distinct problems organized into four categories: “Content”,
“Presentation”, “Usability”, and “Sustainability”. From the
identified problems, 20 correlated impacts were characterized,
exposing a cascading causal relationship where certain im-
pacts manifest as new problems. In light of the magnitude of
these challenges, the literature demonstrates a limitation in
mitigation strategies, covering only 8 types of actions, which
often lack specificity. The results highlight a gap in practical
solutions and provide a consolidated foundation to guide
future research and the development of more effective tools
for the API ecosystem.
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1 INTRODUCTION

In software development, APIs (“Application Programming
Interface”) are fundamental for providing functionalities and
resources to consumers [17, 22, 25, 52, 57], abstracting com-
plex workflows and promoting code reuse [17, 22, 31, 34, 57,
63]. Whether in local libraries [34] or on the Web [23, 63], the
correct utilization of an API requires the comprehension of
its documentation [56, 65], an essential artifact for extracting
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operational information [9, 25, 52, 56]. However, the qual-
ity of the documentation varies significantly; high quality
attracts users, whereas deficient documentation discourages
use or leads to the abandonment of the technology [55]. In
the context of modern Web development, where applications
heavily depend on the integration of multiple third-party
REST APIs and microservices, documentation quality be-
comes a critical factor for successful service composition and
consumption [12, 23, 63].

This paper presents a Systematic Mapping Study (SMS)
[44] investigating the state of the art on problems related
to API documentation reported between 2016 and 2025. We
purposely adopt the term “problems related to API docu-
mentation” to address not only the issues within the docu-
mentation itself but also the challenges surrounding its usage
context. This broader scope encompasses the absence of doc-
umentation, difficulties in maintenance or access, and other
systemic issues that extend beyond its textual content.

The methodology combines a targeted search string with
snowballing to ensure a wide literature coverage, resulting
in a final selection of 61 primary studies. Following a rig-
orous selection process based on well-defined inclusion and
exclusion criteria, selected papers underwent full-text analy-
sis. Our findings reveal 26 distinct problems organized into
four categories (“Content”, “Presentation”, “Usability”, and
“Sustainability”) and characterize 20 correlated impacts, ex-
posing a cascading causal relationship where certain impacts
manifest as new problems. Furthermore, the mapping high-
lights a critical gap in current literature: mitigation strategies
cover only 8 types of actions, which frequently lack specificity.
Ultimately, these results provide a consolidated foundation
to bridge this shortage of practical solutions and guide future
research and tool development within the API ecosystem.

As a contribution, this work provides: (1) an updated and
extended taxonomy that expands the original set of cate-
gories proposed by Uddin and Robillard [55] with two new
dimensions, capturing operational and contextual obstacles;
(2) the academic community and software professionals with
an updated knowledge base on problems related to API doc-
umentation for the conscious construction and consumption
of documentation. The consolidation of problems, impacts,
and mitigations aims to reduce comprehension bottlenecks
and mitigate the incorrect use of APIs, increasing efficiency
in Software Engineering.
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The remainder of this article is structured as follows: Sec-
tion 2 presents the theoretical background and related work;
Section 3 details the SMS methodology; Section 4 exposes
the obtained results; Section 5 discusses the findings; Section
6 points out the limitations; and Section 7 closes the paper
with conclusions and future work.

2 THEORETICAL BACKGROUND

This Section presents the fundamental concepts for under-
standing this work and the comparative mapping of the main
related studies.

2.1 APIs and Their Documentation

In Software Engineering, the use of APIs is a consolidated
practice to abstract the complexity of specific implementa-
tions and promote code reuse [18, 32, 37, 38, 54]. However,
their effective utilization requires understanding their archi-
tectural diversity, since the interaction format is intrinsically
linked to their type [34, 56, 66].

A common format is Library APIs [5, 34], which are lo-
cally integrated into the project via dependency managers.
Listing 1 illustrates this model using the NumPy library®
in Python. In contrast, Web APIs are made available over a
network, requiring a remote connection and specific commu-
nication protocols [3, 43], as exemplified by consumption via
a cURL request in Listing 2 and via an interactive Swagger
documentation?.

Listing 1: Example of usage of NumPy API

import numpy as np
matrix = np.array ([[1,2,3], [3,2,1]])

Listing 2: Example of usage of a Web API

curl —location 'https://randomuser.me/api/’

Regardless of the architecture, the correct and effective
use of an API requires a complete understanding of its docu-
mentation, which acts as a formal contract between provider
and consumer. High-quality documentation must detail input
parameters, return structures, business rules, and practical
usage examples. This work aims to map problems in docu-
mentations of any API nature.

2.2 Definition of Problems, Impacts, and Actions
Relate to API Documentation

To guide data extraction and the analysis of the results of
this SMS, three central concepts were defined: Problems: De-
ficiencies, failures, gaps, or anti-patterns described directly
or indirectly in the content, presentation, maintenance, or
context of a documentation (e.g., the lack of format standard-
ization pointed out by Cao et al. [10]). Impacts: Negative
consequences resulting from documentation-related problems,
affecting usability, users, and the quality of the final artifact
(e.g., the finding by Nybom et al. [41] that developers who

Thttps://numpy.org/devdocs/reference/index.html
2https://swagger.io/
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resort to StackOwverflow instead of official documentation
produce less secure code). Proposed Actions: Solutions or
mitigations presented in the literature to bypass such prob-
lems (e.g., the combination of manual writing and automated
contract extraction suggested by Pandita et al. [42]).

2.3 Related Work

In the scope of API documentation problems, the works of
Uddin and Robillard [55] and Ajam et al. [2] stand out. The
former, published in 2015, compiled 10 failures categorized
into “Content” and “Presentation”. Uddin and Robillard [55]
explores problems from the perspective of documentation
analysis and practitioners’ opinions. However, the authors
do not compare their results with the existing literature.
The latter, from 2021, explores key quality dimensions of
API documentation in existing literature. However, Ajam
et al. [2] do not explore the specific problems related to those
quality dimensions. Both papers also lack the discussion of the
impacts caused by API documentation problems, and actions
that are suggested to overcome or to mitigate the problems.
Finally, the problems and quality dimensions observed by
Ajam et al. [2], Uddin and Robillard [55] are confined to the
content and presentation of the API documentation itself,
and do not consider problems that affect the context of its
usage, e.g: the lack of documentation.

Therefore, the current paper aims to expand the catalog
proposed by Uddin and Robillard [55], building upon their ini-
tial taxonomy, but extending it. The following categories are
adopted to classify the findings of this study: “Content” and
“Presentation”: Focus, respectively, on the textual/technical
information provided and on the visual/structural way they
are exposed. “Usability” and “Sustainability”: Act, respec-
tively, on the operational constraints caused to the developer
and on the health, evolution, and long-term maintenance of
the artifact.

3 METHOD

According to Petersen et al. [44], Systematic Mapping Study
is a secondary study method designed to provide a compre-
hensive overview of a research area, structuring the field by
identifying, categorizing, and quantifying existing literature
to uncover trends and research gaps. In this paper a SMS was
executed in three main stages, detailed below: research ques-
tions formulation (Subsection 3.1), search strategy and study
selection (Subsection 3.2), and mapping of the extracted
information (Subsection 3.3).

3.1 Research Questions Formulation

To guide data extraction and identify gaps, challenges, and
solutions regarding the topic, three research questions were
formulated:

e RQ1. What are the problems related to API documen-
tation? — Aims to map recurring gaps and difficulties
faced in the literature by practitioners in the field.

e RQ2. What are the main impacts, or consequences,
related to the problems raised in RQ1? — Analyzes
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how such failures negatively influence productivity and
quality in software development.

e RQ3. What are the actions proposed in the literature
to solve these documentation problems? — Identifies
solutions and recommended approaches to mitigate the
mapped problems.

3.2 Search and Selection of Studies

To search for primary studies, we used the search string
presented in Listing 3, submitted to the Scopus database®,
due to its broad coverage in Software Engineering, on the
first semester of 2025. We selected Scopus as the single search
source because it indexes the proceedings of major software
engineering venues (including ACM and IEEE conferences).
While this introduces a single-source limitation (discussed
in Section 6), we applied systematic snowballing to expand
coverage beyond database boundaries. Then, the period from
2016 to 2025 was filtered, initially resulting in 314 articles.

Listing 3: String search

(( api ) AND ( problem OR challenge OR
difficult OR issue ) AND documentation)

For study selection, the following Exclusion Criteria (EC)
were applied:

e ECO01. The paper does not address API documentation
within the context of software engineering;

e ECO02. Published in a language other than Portuguese
or English;

e ECO03. Publication type differs from conference or jour-
nal article;

e EC04. Documentary inaccessibility (unavailable for
download via the CAPES portal or under a paywall);

e ECO05. Duplicate paper;

e EC06. Work in progress (not completed).

Following the guidelines of Petersen et al. [44], quality
assessment was not applied as a filtering criterion in this sys-
tematic mapping study. Unlike systematic literature reviews
(SLRs), which aim to synthesize evidence and therefore re-
quire quality appraisal, SMS studies focus on classifying and
structuring the research landscape. Nevertheless, we acknowl-
edge that incorporating quality assessment could strengthen
the validity of frequency-based claims, and this remains an
opportunity for future work.

The ECs were applied through the reading of titles and
abstracts, disregarding 234 studies and leaving 80. To this
amount, the single Inclusion Criterion was applied (IC01: The
paper explores API documentation problems and challenges in
software engineering), evaluated by reading the introduction
of the works, which resulted in 34 articles. Finally, a snow-
balling process was performed, applying all exclusion and
inclusion criteria to the references of each one of the included
works, then adding 27 new studies. The complete selection
workflow, which totaled 61 accepted articles, is summarized
in Figure 1.

Shttps://www.scopus.com/home.uri?zone=header&origin=sbrowse
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Figure 1: Representation of the article selection stages

Scopus: 314

Total: 314 articles

Preliminary
selection

Application of filters

Included

3.3 Data Extraction and Mapping

Data extraction was conducted through a full analytical
reading of the 61 selected primary studies to identify and
record problems, impacts, and mitigating actions related to
API documentation.

To ensure rigor and minimize bias, the screening, full-
text assessment, and data extraction were independently
performed by three researchers. The team met weekly to
review findings and reach a consensus on the data extracted
from each paper, resolving any disagreements through col-
laborative discussion. To answer the research questions, we
synthesized the qualitative data using Thematic Analysis [13]
combined with the Card Sorting technique [50].

This method allowed us to systematically group the ex-
tracted problems (RQ1), extending the initial taxonomy pro-
posed by Uddin and Robillard [55], as well as map all reported
impacts (RQ2) and actions (RQ3) while explicitly establishing
their causal relationships. Finally, the resulting card sorting
categories were validated through full consensus among all
three researchers to ensure categorization consistency.

4 RESULTS

This section presents the analysis of the findings and the
answers to the research questions (RQ), structured into four
subsections: a general data analysis (Section 4.1) and the
specific answers for RQ1 (Section 4.2), RQ2 (Section 4.3),
and RQ3 (Section 4.4).

4.1 General Data Analysis

The temporal analysis (Figure 2) reveals a peak of interest in
the topic in 2018 (13 publications), followed by a progressive
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decline that culminated in four articles in 2024. Although no
articles were retrieved for 2025 (up to the date of the search
execution), the historical trend from 2018 to 2024 suggests
a reduction in the literature’s focus. Possible causes are the
consolidation of Swagger and the advancement of Artificial
Intelligence for generating examples, or, alternatively, reflects
a low awareness within research regarding the persistence of
these problems in developers’ daily routines.

Figure 2: Publications per year

13
9
8 8
6
5 5
4
3
0

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

(6]

Regarding publication venues (Figure 3), ICSE (9 articles)
and ICSME (7 articles) stand out, followed by the IEEE TSE
journal (4 articles), and by SANER, IEEE/ACM ASE, and
LNCS, with two publications each. These data consolidate
the channels of greatest relevance and historical background
for submissions in the area.

Figure 3: Publications per venue
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All selected articles mentioned documentation problems,
even if this was not their central focus. Figure 4 details the
thematic focus of the studies: 36 were dedicated to proposing
or analyzing tools[2, 4, 6, 7, 9-11, 16, 19, 22-25, 29, 31—
33, 38, 39, 42, 43, 45, 46, 51, 53, 54, 5662, 64-66]; 14 focused
on the analysis of general aspects of documentation [3, 12, 15,
19, 20, 30, 35-37, 40, 41, 49, 52, 63] and 11 evaluated content
strictly [1, 5, 8, 14, 17, 18, 21, 26, 27, 34, 47], evidencing a
scientific gap in this latter research line. It is important to
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highlight that these categories are not mutually exclusive.
Studies that addressed more than one theme were classified
according to their primary contribution.

Figure 4: Publications per approach

40 36

30

20

11

0 -

Proposing/analyzing a
documentation tool

Documentation
content

Analysis of aspects
related to API
documentation

Among the researches focused on tools (Figure 5), the
most frequent type automates documentation creation from
code (10 articles) [11, 17, 23, 24, 29, 34, 39, 45, 56, 66], fol-
lowed by generation via community knowledge (7 articles)
[2, 19, 46, 51, 54, 57, 61]. Quality validation tools accounted
for 6 articles [4, 22, 25, 33, 64, 65], while creation based on
another documentation obtained 4 [7, 10, 42, 59]. Visual rep-
resentation and recommendation systems recorded only two
articles each [32, 60, 62, 66], pointing out potential research
opportunities.

Figure 5: Publications per type of tool
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4.2 RQ1l. What are the problems related to API
documentation?
We adopted and expanded the taxonomy of problems pro-

posed by Uddin and Robillard [55], and identified 26 problems,
organized in four categories:

e Content. Problems directly related to the API docu-
mentation content;
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e Presentation. Problems related to how the API docu-
mentation content is presented to the reader.

e Usability. Problems related with how the reader, or
developer, uses the API documentation;

e Sustainability. Problems related to how the API docu-
mentation is maintained.

The categories “Content” (accuracy and sufficiency) and “Pre-
sentation” (visual layout) are defined by Uddin and Robillard
[565], however we identify a set of problems, such as inexis-
tance, difficulty of access or duplication, that demanded the
creation of the two new categories: “Usability” (obstacles
in artifact consumption) and “Sustainability” (threats to
longevity and maintenance). Table 1 maps the problems to
the primary studies from which they were observed. The prob-
lems are organized by categories and ordered by occurrence.
Shaded rows in Table 1 indicate new problems in relation to
Uddin and Robillard [55].

The top five recurring problems are “Incompleteness” (“Con-
tent”), “Compromised maintenance” (“Sustainability”), “In-
correctness” (“Content”), “Nonexistence” (“Usability”) and
“Human-only” (“Content”). The problems “Incompleteness”,
“Incorrectness”, and “Compromised maintenance” are pre-
sented as quality dimensions on their own by Ajam et al. [2],
respectively: “Completeness”, “Correctness”, and “Maintain-
ability”. “Incompleteness” stands out as the most recurring
problems both in our results and in the results of Uddin
and Robillard [55]. The other quality dimensions mapped by
Ajam et al. [2] are “Consistency” and “Understandability”,
which can be mapped to the problems “Inconsistency” and
“Hard comprehension”; of our results. “Hard comprehension”
is a problem not originally mapped by Uddin and Robillard
[55].

“Content” is the dominant category in our results. We
confirmed all the original content problems identified by
Uddin and Robillard [55], and found four new problems:
“Human-only”, “Hard comprehension”, “Bias”, and “Brevity”.
Conceptually, the “Bias” and “Human-only” problems share
a fundamental similarity, as both stem from a restricted de-
sign perspective regarding their target audience. While “Bias”
limits the documentation to a single, specific developer view-
point (often neglecting diverse user needs) “Human-only”
restricts the artifact entirely to human reading, lacking the
structured formats required for consumption by automated
tools. Despite the problem “Hard comprehension” impacting
the usability of the API, we categorized this problem in the
category “Content”, because the solution to its problem is
related to adjusting the content of the documentation. Simi-
larly, the “Brevity” problem is related to the previous one,
when the documentation fails to provide detailed explana-
tions, featuring overly brief, superficial, and condensed texts
that scarcely explain the API’s usage or functionality.

In the category “Presentation”, in addition to the problem
identified by Uddin and Robillard [55], we only found a single
new problem: “Lack of standardization”. This problem is
related to the quality dimension “Consistency” from Ajam
et al. [2], considering the failure of following regular usage
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of style and visualization across all documentation regarding
the presentation of content and format.

The categories “Usability” and “Sustainability” are new, in
relation to categories of Uddin and Robillard [55]. “Usability”
problems consider how and why the usage of the documen-
tation is hampered by diverse factors. The most recurring
problem of this category, is the lack of documentation for
a given APIL. For the “Sustainability” problems, the most
recurring problem is the “Compromised Maintenance”, that
refers to inconsistency in maintaining the documentation for
any reason (e.g. updating the documentation is high-cost, or
simply neglected).

4.3 RQ2. What are the main impacts, or
consequences, related to the problems raised
in RQ17?

We mapped 20 impacts arising from documentation failures,

which were organized into four dimensions:

e Usability. Impacts that hinder the use, access, or un-
derstanding of API documentation information for the
reader;

e Team. Impacts that directly affect how teams inter-
act with or consume the API and its documentation,
causing socio-technical and productivity losses;

e Content. Impacts that degrade the quality or structure
of the documentation content itself;

e Sustainability. Impacts that jeopardize the long-term
longevity and future maintainability of the documen-
tation.

Table 2 maps these impacts to the primary studies from which
they were observed, organized by dimensions and ordered by
occurrence. The “Usability” and “Team” dimensions concen-
trate the vast majority of citations, proving that documen-
tation deficiencies directly affect the daily routine, technical
efficiency, and psychological factors of the developer.

The top three most recurring impacts belong to the “Us-
ability” dimension: “Impacted understanding” (30 citations),
“Impacted usage” (25 citations), and “Unexpected behavior”
(14 citations). Conceptually, these three impacts are deeply in-
tertwined within web and distributed environments. A failure
in documentation first triggers an “Impacted understanding”,
which naturally can cascade into “Impacted usage” when
developers attempt to integrate the API. Consequently, this
flawed execution can manifest as an “Unexpected behavior’
at runtime, leading to integration bottlenecks and software
defects.

In the “Team” dimension, the consequences shift from
purely technical challenges to socio-technical degradation.
The most recurring impacts are “Demotivation” (8 citations),
“Third-party information usage” (7 citations), and “API aban-
donment” (6 citations). There is a clear behavioral progression
among these factors: when official artifacts fail, developers are
forced to use information from third-party sources, hunting
for unverified answers in unofficial forums. The persistent
frustration of navigating fragmented data ultimately breeds
severe “Demotivation” within software engineering teams,

)
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Table 1: Catalog of problems related to API documentation. Shaded rows indicate new problems in relation to [55].

Category Problem Description Qty | Citations
Incompleteness The documentation does not provide a complete description of an API 41 [1-4, 8, 9, 12, 14,
element or topic. 15, 17-25, 27, 30—
38, 40, 43, 47, 49,
51, 52, 54, 57, 61,
Content 63-66]
Incorrectness The documentation presents information that is incorrect, inaccurate, 14 [1-3, 8, 18-22, 34,
or inconsistent with the application’s actual operation. 36, 59, 60, 64]
Human-only The documentation does not provide structured resources (such as 12 [5-7, 10, 16, 35,
OpenAPI/Swagger) and is intended solely for human reading. 40, 42, 46, 59, 60,
66]
Obsolescence The documentation does not provide up-to-date information, refer- | 11 [1, 12, 18, 20, 27,
encing earlier versions that are inconsistent with the API’s actual 30, 31, 33, 36, 52,
behavior. 58]
Hard  compre- | The documentation uses overly complex language, features non- | 10 1, 3, 4, 11, 25, 29,
hension intuitive descriptions, or requires a high level of prior knowledge. 30, 35, 36, 58]
Inconsistency The documentation presents conflicting or contradictory information, 9 [2, 3, 11, 22, 23,
or information that is inconsistent across different sections. 34, 58, 64, 65]
Bias The documentation does not provide a comprehensive overview; it is 6 [8, 12, 15, 26, 29,
constructed from a single perspective and fails to consider the diverse 30]
needs of developers.
Ambiguity The documentation presents information that is unclear, allowing for 5 [1, 18, 19, 51, 64]
multiple interpretations or making it difficult to understand an element.
Examples with- | The documentation presents code examples without explanations or 2 [15, 39]
out explanation with insufficient details regarding their functioning, purpose, or context.
Brevity The documentation lacks detailed explanations, offering texts that are 1 [62]
far too short, superficial, and condensed, barely explaining how to use
the API or how it works.
Total | 111 | -
Bloat The documentation features lengthy texts with overblown explanations 9 [1, 8, 18, 25, 32,
and an excess of unnecessary descriptions. 36, 39, 58, 62]
Prosentation Lack of stan- | The documentation does not exhibit a consistent pattern of structure, 8 [1, 8, 10, 22, 31,
dardization writing, organization, or information presentation across the API. 40, 53, 63]
Fragmentation The documentation does not present information centrally, scattering 4 [19, 25, 32, 39]
related content across different pages or sections.
Structural infor- | The documentation presents excessive information regarding syntax or 3 [1, 10, 25]
mation excess structure that can already be easily obtained via IDEs, rendering the
content redundant.
Mixed informa- | The documentation presents a description of an element mixed with 2 [25, 39]
tion information that is irrelevant or unnecessary for the developer’s context.
Total 26 | -
Nonexistence The documentation does not present any available content for the API, 14 | [2, 12, 15, 17, 18,
its elements, or its functionalities. 22, 29, 40, 45, 51,
58-60, 66]
Usability Lack of feedback | The documentation does not provide means or channels for users to 3 [19, 30, 63]
submit feedback, report issues, or clarify questions.
Third-party in- | The official documentation does not provide sufficient information, 3 [18, 36, 41]
formation usage | forcing the developer to seek answers in forums, blogs, or third-party
videos.
Difficult naviga- | The documentation lacks an easy-to-navigate structure, making it diffi- 2 [17, 66]
tion cult to locate information or understand how the content is organized.
Not followed Regardless of whether the documentation provides clear guidelines and 2 [33, 53]
definitions, developers do not follow or ignore them when using the
API.
Difficult access The documentation is not freely accessible; it is protected by barriers 2 [1, 40]
such as mandatory authentication, restricted permissions, or payment
requirements.
No search func- | The documentation does not feature a search mechanism that allows 1 [36]
tion for the quick location of specific information, topics, or elements.
Total 27 -
Compromised Documentation maintenance is neglected, costly, or hindered by an 16 [1-4, 8, 11, 18, 41,
. - maintenance API-related factor. 45, 48, 56-58, 60,
Sustainability P
64, 65]
Technological The documentation presents limitations regarding creation, mainte- 1 [48]
limitations nance, or quality due to restrictions imposed by the language, frame-
work, or API technologies.
Crowdsourced The documentation lacks a centralized official base, being built or 1 [46]
maintained primarily through community contributions.
Duplicate The documentation presents the same API, or a portion of it, replicated 1 1]
across multiple locations or versions.
Total 19 | -
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Table 2: Cataloged impacts
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Category Impact Description N Citations
Impacted understanding The problem directly impacts the developers’ under- | 30 | [1, 2, 4, 5, 8, 12, 14, 15,
standing of the API. 18, 2022, 22, 25, 33,
- 35, 36, 39, 40, 45, 46,
Usability 51-54, 61, 62, 64-66]
Impacted usage The problem hinders the developer from using the API | 25 | [1, 2, 4, 8, 12, 16-18, 22,
or causes them to use it incorrectly. 23, 25, 30-34, 36, 39,
45, 48, 49, 53, 61, 63,
66]
Unexpected behavior The problem causes the API, or the software using it, | 14 | [2, 17, 20, 21, 23, 32-34,
to present errors or unexpected behavior. 40, 49, 52, 53, 64, 65]
Impacted tool usage The problem impacts the usage or creation of tools for | 9 | [22, 31, 40, 42, 48, 58—
API documentation and recommendations. 60, 62]
Nonexistence The problem causes the documentation to be nonexis- | 3 | [1, 45, 66]
tent.
Impacted documentation ac- | The problem causes developers to have compromised | 1 | [1]
cess access to the documentation in some way.
Total | 82
Demotivation The problem causes developers to feel demotivated to | 8 | [1, 5, 8, 11, 31, 36, 64,
use the API, lose trust in it, or become frustrated. 65]
Third-party information seek- | The problem causes developers to look for information | 7 | [19, 24, 36, 39, 43, 52,
Team ing in unofficial places. 65]
API abandonment The problem causes developers to abandon the API | 6 | [2, 39, 63-66]
and likely seek another one.
Impacted API visibility The problem tarnishes the API’s image or makes it | 4 | [7, 9, 14, 36]
difficult for developers to find it.
Impacted client software The issue impacts software that uses the documented | 4 | [31, 41, 64, 65]
APL
Time wasting The problem causes developers using the API to waste | 2 | [24, 64]
time or experience a decrease in productivity.
Ignored documentation The problem causes the documentation to be intention- | 1 | [53]
ally ignored.
Total | 32
Obsolescence The problem causes the documentation to become | 2 | [56, 57]
outdated.
Content Ambiguity The problem causes ambiguity in the documentation. | 2 | [5, 31]
Bloat The problem causes the documentation to become | 2 | [8, 46]
bloated.
Incompleteness The problem causes the documentation to become | 1 | [57]
incomplete.
Lack of standardization The problem causes a lack of standardization in the | 1 | [40]
documentation.
Incorrectness The problem causes the documentation to become | 1 | [65]
incorrect.
Total | 9
Sustainability | Compromised maintenance The problem brings difficulties for the maintenance of | 10 | [2, 8, 25, 30, 42, 47, 48,
the documentation to occur. 59, 63, 66]
Total | 10

which frequently can result in a critical business impact: the
outright “API abandonment” in favor of a better-documented
competitor.

Conversely, the “Content” and “Sustainability” dimensions
act as internal systemic degradation factors. For “Content”,
the impacts are sparsely but evenly distributed among “Obso-
lescence” (2 citations), “Ambiguity” (2 citations), and “Bloat”
(2 citations). A notable cascade effect was identified here:
these impacts correlate directly with problems of the same
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nature raised in RQ1, indicating that an initial authoring
failure tends to feed back into the lifecycle, generating new
negative content developments over time.

Finally, the “Sustainability” category reflects how current
documentation issues compromise future engineering health.
The only impact cataloged in this category is “Compromised
maintenance” (10 citations). This high volume of citations
highlights that documentation decay is not a static issue;
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rather, it threatens the technical debt of the system, sig-
naling that once documentation begins to fail, its ongoing
maintenance becomes exponentially high-cost or completely
neglected by the development team.

4.4 RQ3. What are the actions proposed in the
literature to solve these documentation
problems?

The analysis identified 8 proposed actions, in the literature, to
mitigate and resolve the mapped technical deficiencies. These
solutions range across different operational natures, encom-
passing automation-driven efforts focused on computational
tools, process-driven approaches aimed at introducing inter-
nal organizational workflows, and community-driven strate-
gies that leverage collaborative knowledge. Table 3 maps
these actions to the primary studies from which they were
observed, detailed by their descriptions, hierarchical “Par-
ent” relationships, total occurrence (N), and corresponding
citations.

The solutions focus heavily on two predominant, high-
level approaches: “Use tool” (31 citations) and “Improve
documentation” (22 citations). Conceptually, the massive
concentration of research in “Use tool” highlights a strong
consensus in academia toward automation as the primary
mechanism to solve documentation failures. This implies that
manually addressing documentation quality is increasingly
viewed as unfeasible or counterproductive in modern soft-
ware development. Instead, the literature heavily invests in
engineering automated tools to minimize human error during
documentation authoring and maintenance.

A distinguishing architectural characteristic of the pro-
posed solutions is the hierarchy where specific actions derive
from broader “Parent” concepts. The foundational action
“Improve documentation” serves as a generalization for three
specialized, process-driven sub-actions: “Documentation for-
matting” (4 citations), “Mandatory documentation update”
(1 citation), and “Adopt a standard location” (1 citation).

Among these specialized branches, “Documentation for-
matting” stands out by advocating for the strict adoption of
specifications like OpenAPI. This indicates that a significant
subset of process-driven research aims to combat problems
like inconsistency and lack of standardization by enforcing
machine-readable, structured templates. Conversely, the ex-
tremely low occurrence of “Mandatory documentation up-
date” and “Adopt a standard location” reveals a critical gap:
while the literature acknowledges that documentation must
be improved, it rarely proposes concrete, formalized work-
flows to embed these improvements into the daily DevOps
or agile routines of development teams.

Except for the two predominant approaches, all other
actions were cited by fewer than 5 works. For instance, col-
laborative or feedback-loop mechanisms such as “Enable
feedback” (2 citations) and “Consult the community” (2
citations) remain highly underrepresented. This strong polar-
ization evidences that the literature is still in an early stage
regarding the exploration of socio-technical or decentralized
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solutions. The current state of the art relies almost exclusively
on immediate automation or generic manual improvements,
revealing a clear scientific gap for the formulation of innova-
tive methodological, interactive, or conceptual approaches to
solve the lifecycle challenges of API documentation.

5 DISCUSSION

This section discusses the implications of the SMS findings,
structured into five axes derived from the most significant
patterns identified in Sections 4.2-4.4: (1) the expansion of
the scope beyond content/presentation captures the new real-
ity of documentation as ecosystem artifact (Section 5.1); (2)
the interconnection among problems, impacts, and actions
reveals systemic patterns (Section 5.2); (3) the polarization
of proposed actions toward automation signals a gap in or-
ganizational approaches (Section 5.3); (4) the emergence of
machine-readable documentation reflects contemporary Web
demands (Section 5.4); and (5) the interdisciplinarity con-
firms that documentation quality requires cross-field solutions
(Section 5.5).

5.1 Documentation Problems vs.
Documentation-Related Problems

Differing from previous static taxonomies that evaluated the
documentation artifact in isolation under the lenses of Con-
tent and Presentation [55], this study expands the scope to
the ecosystem in which the documentation resides. The intro-
duction of the “Usability” and “Sustainability” dimensions
allowed for the cataloging of operational and contextual ob-
stacles faced by developers when consuming and maintaining
such artifacts over time.

This expansion is justified by the transformations in the
software development lifecycle. The gap regarding problems
of this nature in past literature raises a question: were these
challenges non-existent or underestimated at the time? It is
plausible that the continuous evolution of frameworks, con-
tinuous delivery, and Artificial Intelligence has introduced
new classes of ecological problems that were previously irrele-
vant. In parallel, while tool-focused studies like the Scout-bot
[2, 31] prioritize the quantitative measurement of quality
metrics (completeness and consistency), this work focuses on
the “Problem-Impact-Action” causal triad, offering comple-
mentary insights oriented toward interventions.

Furthermore, the absence of the “Nonexistence” problem
in the Uddin and Robillard [55] work is noteworthy, con-
trasting with this mapping. This suggests that contemporary
literature presupposes a baseline level of documentation ex-
istence for public APIs, strictly focusing its efforts on the
internal quality and evolution of the already written artifact.
Thus, the taxonomic contribution of this study consolidates
a dynamic and contextualized view, essential for subsidizing
future research in Software Engineering.
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Table 3: Cataloged actions
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Action Description Parent N Citations

Use tool Use a tool to automate, in any 31 | [1-6,9, 10, 12, 15, 22, 23, 26, 29—
way, some documentation pro- 31, 33, 35, 38, 40, 43, 45, 48, 51,
cess. 53, 56, 57, 59-61, 66]

Improve documentation Create documentation or adopt 22 | [1-3,7,8,11, 12, 14, 17, 19, 22,
actions to improve existing doc- 27, 31, 33, 34, 42, 47-49, 51, 63,
umentation. 66]

Documentation formatting Adopt a specific documentation | Improve documentation | 4 | [26, 59, 60, 63]
formatting standard, such as
OpenAPI.

Enable feedback Provide a medium for develop- 2 | [2, 63]
ers to give feedback regarding
the documentation.

Consult the community Leverage information that has 2 | [52, 61]
already been produced by the
developer community.

Mandatory documentation update | Establish mandatory documen- | Improve documentation | 1 | [1]
tation maintenance within the
team’s development processes.

Adopt a standard location Adopt a standardized location | Improve documentation | 1 | [1]
to host and store documenta-
tions.

Seek third-party information Look for information in external 1] [1]
or unofficial places.

5.2 Relationship between Problems, Impacts and
Actions

The Sankey diagram ¢ (Figure 6) illustrates the mapped
interdependence and causality among Impacts (left column;
standard “I100”), Problems (central column; standard “P00”),
and Proposed Actions (right column; standard “AC007). The
high density of connections stresses that documentation defi-
ciencies constitute multifaceted phenomena with severe reper-
cussions on the efficiency of software teams.

Structurally, central failures such as “Incompleteness”, “In-
consistency”, and “Compromised Maintenance” act as highly
connected hubs and root causes, radiating bulky branches
into the Impacts dimension. On the other hand, the graph
exposes a strategic misalignment between causes and solu-
tions: the literature concentrates predominantly on actions
that are easy to implement technically, such as automated
generation and validation tools, neglecting directed interven-
tions to interrupt the propagation chain of the highest-impact
problems. The diagram further exposes a cyclical feedback
loop of failures, where certain impacts (e.g., schedule delays)
turn into catalysts for new problems (e.g., documentation
obsolescence), demanding systemic mitigation approaches.

5.3 Lack of Variety in Proposed Actions

The analysis of the proposed solutions points to a severe
homogeneity in the literature, which is heavily polarized
toward the development of automated software artifacts to

4Interactive version available at https://alligware-ops.github.io/
sankey /
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the detriment of social or organizational approaches, such as
“Consult the community” or “Enable feedback channels”.

This concentration on automated solutions reflects the ease
of measuring software metrics and the speed of publishing
tangible artifacts. However, this asymmetry overlooks the hu-
man and governance dimensions necessary for documentation
sustainability. Mitigating failures like “Incompleteness” or
“Inconsistency” requires efficient channels for bimodal collab-
oration between API producers and consumers. By focusing
excessively on syntax and structural automation, research
neglects the contextual semantics of use, limiting practical
options for the software industry.

5.4 Made for Humans vs. Made for Machines

The detection of the “Human-only” problem, documenta-
tions designed exclusively for human reading and lacking
structured, machine-readable formats, reflects contemporary
automation demands. If purely textual manuals were once
tolerated, the proliferation of web ecosystems and automated
integrations has turned formats like OpenAPI/Swagger into
critical non-functional requirements.

Currently, documentations operate as primary structured
inputs for Software Engineering tools, including AI code
generators and Large Language Models (LLMs). However,
the heavy reliance on data generated by humans without
technical validation introduces cybersecurity risks. As evi-
denced by Kudriavtseva et al. [28], code generators trained
on open repositories containing vulnerabilities tend to repli-
cate insecure patterns. Analogously, documentations based
on informal community knowledge (crowdsourced) propagate
inaccuracies and suboptimal examples that are subsequently
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Figure 6: Correlations among Impacts, Problems, and Actions
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absorbed by automations. The transition to a format that is
simultaneously human- and machine-readable therefore de-
mands design tools that ensure rigorous alignment between
code, documentation, and executable contracts.

5.5 Related Computing Areas

To conduct the documentation research and analysis cata-
loged in this study, the investigated papers integrated mul-
tiple subfields of Computer Science. The use of Machine
Learning [19, 47, 52] enabled the automatic classification
of relevant textual fragments; Natural Language Processing
(NLP) techniques [9, 33, 34, 52, 63, 65] allowed for data ex-
traction from unstructured documentations; and Data Mining
techniques [4, 9, 25, 30, 31, 33, 40, 45, 63] made it possible
to mine massive Q&A repositories from platforms like Stack
Overflow. This interdisciplinarity confirms that improving
API documentation quality constitutes a cross-disciplinary
challenge, capable of mobilizing and benefiting from multiple
scientific specialties.

6 LIMITATIONS

This work proposes a systematic mapping study to capture
the academic community’s ongoing debates regarding API
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documentation problems. However, it is subject to certain
limitations.

First, this study utilizes only the Scopus database to
retrieve relevant papers. Although Scopus indexes major
publishers (ACM, IEEE, Springer), direct searches in other
databases, such as ACM Digital Library and IEEE Xplore,
could potentially retrieve studies not captured by Scopus’s
indexing. This single-source constraint introduces a risk of
missing important studies. To mitigate this limitation, the
snowballing technique was applied, but it does not fully
substitute multi-database searches as recommended by SMS
guidelines [44]. Additionally, the exclusion of studies based on
institutional access limitations (EC04) may have introduced
availability bias, potentially not including relevant work be-
hind paywalls not covered by our institutional subscriptions.

Second, there is a possibility that the mapping, despite the
execution of the search string and the subsequent snowballing
process, did not encompass all articles that addressed or cited
issues related to API documentation problems. Consequently,
the selected corpus might represent only a subset of a broader
group of studies in the field.

Third, another factor to consider is that the included
articles and the data extracted in this mapping are directly
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subject to the researchers’ interpretation. This subjectivity
may have introduced a certain degree of researcher bias during
the application of the inclusion and exclusion criteria, as
well as during the information extraction and categorization
phases.

7 CONCLUSIONS

This systematic mapping study synthesizes the academic
debate surrounding API documentation failures between 2016
and 2025. From the 61 primary studies analyzed, 26 problems
were cataloged, confirming and updating the baseline study
“How API Documentation Fails” [55] both with new problems
within its previously identified categories and with two new
categories, “Usability” and “Sustainability”. This indicates
that both historical and newly emerging problems continue
to persist in modern development. We additionally mapped
20 impacts and 8 mitigating actions related to the identified
documentation-related problems.

Furthermore, this study demonstrates that these problems
affect multiple dimensions of the relationship between an API
and its consumers: documentation deficiencies trigger severe
negative impacts on how programmers utilize, comprehend,
and even emotionally perceive an API. Inefficient documen-
tation often leads to integration bottlenecks, project delays,
developer demotivation, or the outright abandonment of a
technology. Within the domain of Web systems, applications
are increasingly architected as compositions of REST APIs
and microservices, and machine-readable specifications such
as OpenAPI/Swagger serve as the primary contract between
providers and consumers. Moreover, Web APIs play a central
role in contemporary multimedia and hypermedia applica-
tions. Therefore, API documentation quality emerges as a
critical factor for the modern Web ecosystem, as it often de-
termines whether a developer or a software engineering team
will successfully adopt and compose distributed Web services.
Our findings reinforce the need for the Web development
community to adopt higher-quality documentation practices.

However, despite the expanding catalog of problems, in-
novations within the field were also identified. The most
prominent of these involves the deployment of automated
tools, whose approaches range from generating documenta-
tion directly from code to synthesizing technical examples
or restructuring legacy documentation. These automated
strategies effectively relieve developers of onerous manual
documentation tasks.

This study opens a wide range of opportunities for future
research. The immediate next step involves validating the
empirical prevalence of the discovered problems within the
daily routines of developers in the software industry. Ad-
ditionally, we aim to gather the impacts experienced and
the mitigation actions proposed by industry professionals.
This field data will enable us to draw a parallel between the
challenges documented in the literature and those faced in
the market regarding API documentation.

Beyond data collection, we intend to develop a techni-
cal guide to compile all identified problems, impacts, and
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proposed actions in a didactic manner. This artifact will
serve to raise awareness and guide developers who either con-
sume or construct API documentation, thereby promoting
a deeper understanding of the importance of high-quality
documentation.

8 ETHICAL CONSIDERATIONS

This work is a secondary study based exclusively on the analy-
sis of previously published academic literature. No human sub-
jects participated in any stage, no personal or sensitive data
were collected, and no experiments involving people were con-
ducted. The analyzed corpus consists solely of bibliographic
records and full texts of publicly available scientific papers,
retrieved through institutional subscriptions (CAPES portal)
in compliance with the publishers’ licenses; no anonymization
was required, since no personal data were processed. Under
Resolution CNS No. 510/2016 of the Brazilian CEP/CONEP
system, research based exclusively on publicly accessible infor-
mation is exempt from review by a research ethics committee,
and therefore no CAAE registration applies to this study.
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