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Systematic literature review

* |Individual studies contributing to a systematic review are called primary
studies

* Literature review is a form of secondary study
* A systematic review of systematic reviews is called Tertiary study

* Aims at identifying, evaluating, and interpreting all available research about a
particular research question, topic area, or phenomenon of interest



Common reasons

* Summarize the existing evidence
* |dentify any gaps in current research to suggest areas for further investigation

* Provide a framework/background to appropriately position new research
activities

» Support/contradict hypotheses

* Assist the generation of new hypotheses



* The well-defined methodology makes it less likely that results are biased

* Provides information about effects of some phenomenon across a wide range
of empirical studies concerning the same research questions

* Requires considerably more effort than traditional reviews



Systematic literature reviews vs. literature surveys

* With a survey or non-systematic literature review, we analyze, summarize, organize, and
present novel conclusions from primary studies

 When systematic, the literature review technically and critically review primary studies to
extract technical and scientific metadata from primary studies

* A systematic review requires a protocol, research questions, and methods

* Systematic reviews are replicable, comprehensive, objective
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Systematic mapping study

* Systematic mapping studies are a wide overview of a research area

* The goal of systematic mapping is the identification of the quantity and type fo
research

* A systematic review has the focus on establishing the state of empirical evidence

* [he systematic reviews evaluate primary studies regarding their quality
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Review process T

Specify research questions

Develop review protocol

* Plan: Define the research goals, questions, _ _

and a review protocol Conduct

Identify relevant research

Select primary studies

* (Conduct: Retrieve primary studies, select the

studies, assess the quality, and extract meta- T e
data ’ Synthesize data

Report

* Report: Create the final document

Write review report

Validate report
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Identify the goal

* We aim at identifying a main goal for the whole review

|t usually gives the title to the review
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ABSTRACT

CONTEXT: Intelligent Software Engineering (ISE) refers to the application of intelligent techniques to software
engineering. We define an “intelligent technique” as a technique that explores data (from digital artifacts or
domain experts) for knowledge discovery, reasoning, learning, planning, natural language processing, perception
or supporting decision-making.

OBJECTIVE: The purpose of this study is to synthesize and analyze the state of the art of the field of applying
intelligent techniques to Agile Software Development (ASD). Furthermore, we assess its maturity and identify
adoption risks.

METHOD: Using a systematic literature review, we identified 104 primary studies, resulting in 93 unique studies.
RESULTS: We identified that there is a positive trend in the number of studies applying intelligent techniques to
ASD. Also, we determined that reasoning under uncertainty (mainly, Bayesian network), search-based solutions,
and machine learning are the most popular intelligent techniques in the context of ASD. In terms of purposes, the
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Code comments are important artifacts in software systems and play a paramount role in many
software engineering (SE) tasks related to maintenance and program comprehension. However, while
it is widely accepted that high quality matters in code comments just as it matters in source code,
assessing comment quality in practice is still an open problem. First and foremost, there is no unique
definition of quality when it comes to evaluating code comments. The few existing studies on this
topic rather focus on specific attributes of quality that can be easily quantified and measured. Existing
techniques and corresponding tools may also focus on comments bound to a specific programming
language, and may only deal with comments with specific scopes and clear goals (e.g., Javadoc
comments at the method level, or in-body comments describing TODOs to be addressed).

In this paper, we present a Systematic Literature Review (SLR) of the last decade of research in SE
to answer the following research questions: (i) What types of comments do researchers focus on when
assessing comment quality? (i1) What quality attributes (QAs) do they consider? (iii) Which tools and
techniques do they use to assess comment quality?, and (iv) How do they evaluate their studies on
comment quality assessment in general?

Our evaluation, based on the analysis of 2353 papers and the actual review of 47 relevant ones,
shows that (i) most studies and techniques focus on comments in Java code, thus may not be



Specify the research questions

* Once the goal has been defined, we have to think about the research questions

* The research questions will drive the whole review methodology

* The search process must identify primary studies that address the questions

* The data extraction process must extract data items needed to answer them

* The data analysis process must synthesize the data in such a way that the questions can be answered
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2.1. Research questions

Our goal is to foster research that aims at building code com-
ment assessment tools. To achieve this goal, we conduct an SLR,
investigating the literature of the last decade to identify comment
related QAs and solutions that address related challenges. We

formulate the following research questions:

e RQ;: What types of comments do researchers focus on when
assessing comment quality?
Motivation: Comments are typically placed at the beginning
of a file, usually to report licensing or author informa-
tion, or placed preceding a class or function to document
the overview of a class or function and its implementa-
tion details. Depending on the specific type of comment
used in source code and the specific programming lan-
guage, researchers may use different techniques to assess
them. These techniques may not be generalizable to other
languages. For example, studies analyzing class comments
in object-oriented programming languages may need extra
effort to generalize the comment assessment approach to
functional programming languages. We, therefore, investi-
gate the comment types researchers target.

e RQ,: What QAs do researchers consider in assessing comment
quality?
Motivation: QAs may solely concern syntactic aspects of the
comments (e.g, syntax of comments), writing style (e.g.,
grammar), or content aspects (e.g., consistency with the
code). Researchers may use different terminology for the



Develop the review protocol

* We describe the plan and rules that will guide the process of reviewing

* |t involves primary studies, data sources, and people
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Search method

* A description of the methods involved for the search activity
* Database search

 Backward snowballing: starting from a primary study we retrieve related papers between
reference

* Forward snowballing: we look at other studies that cite a target primary study (Google
Scholar and Scopus)

18



2.2. Search strategy

After formulating the research questions, the next steps fo-

cus on finding relevant studies that are related to the research
questions. In these steps, we

. construct search keywords in Section 2.2.1,

. choose the search timeline in Section 2.2.2,

. collect sources of information in Section 2.2.3,

. retrieve studies in Section 2.2 .4,

. select studies based on the inclusion/exclusion criteria in
Section 2.2.5, and

evaluate the relevant studies to answer the research ques-
tions in Section 2.2.6.

U B W N -
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2.2.1. Search keywords

Kitchenham et al. recommended formulating individual facets
or search units based on the research questions (Kitchenham and
Charters, 2007). These search units include abbreviations, syn-
onyms and other spellings, and they are combined using boolean
operators. Pettricrew et al. suggested PIO (population, interven-
tions, and outcome) criterion to define such search units (Petti-
crew and Roberts, 2008).

The populations include terms related to the standards. We
first examine the definitions of documentation and comment in
IEEE Standard Glossary of Software Engineering Terminology (IEEE
Standard 610.12-1990) to collect the main keywords. According
to the definition, we identify the keywords comment, documen-
tation, and specification and add them to the set K;. We further
add frequently mentioned comment-related keywords, such as
API, annotation, and summar to the set Kj.



Search terms

* The collection of keywords derived from the research questions

* The search string using boolean ANDs and ORs to query the digital sources

20



Table 1
keywords selected according to PIO criterion.

Criteria keywords

Populations (K;) comment, documentation, specification, API, anno-

tation, and summar
Interventions (K>) quality, assess, metric, measure, score, analy,

practice, structur, study, and studied

The interventions include terms that are related to software
methodology, tools, technology, or procedures. With respect to

quality assessment, we define the intervention keywords to be
quality, assess, metric, measure, score, analy, practice, structur,
study, or studied and add them to the set K.

Note that we add common variations of the words manually,
for example, we add “summar” keyword to the set to cover
both “summary” and “summarization”. We do not use any NLP
l[ibraries to stem words due to two main reasons, (1) to reduce
the noisy matches, and (i1) the words from the title and abstract of

the papers are not preprocessed (stemmed or lemmatized), there-
fore stemming the keywords might not find the exact or prefix



the papers are not preprocessed (stemmed or lemmatized), there-
fore stemming the keywords might not find the exact or prefix
matches. For example, using the porter stemming approach, the

word “study” will be stemmed to “studi” and we might miss the
papers with “study” word. To avoid such cases, we add common

variations of this word study and studied to our search keywords.

The outcomes include terms that are related to factors of sig-
nificance to developers (e.g., reduced cost, reduced time to assess

quality). Since it i1s not a required unit to restrict the search scope,
and our focus is on all kinds of quality assessment approaches,

we exclude the outcomes in our search keywords. However, to

narrow down our search and exclude irrelevant papers, such
those about code reviews or testing, or non-technical papers, we

formulate another set of keywords, K5. In this set, we include code
review, test, keynote, invited, and poster, to exclude entries of non-

technical papers that were not filtered out using the heuristics on

the number of pages.
Hence, using the final set of keywords (also given in Table 1),

we select a paper if its title and abstract match the keywords from
K, and K, but not from K3 where the prefix function is used to

match the keywords in the paper.



Data sources

* The digital databases to retrieve primary studies

* Scientific literature, including journals and conference proceedings

* Grey literature, e.qg., technical reports, work in progress, presentations

e The internet

* Other secondary studies
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selected for the study (shown in Section 2.2.2) returned ten known rel-
evant papers. The results are shown in Table 3. Only one paper was not
returned, but we noticed that it was a limitation of the target databases
(i.e., none of them indexed articles from the given journal). As shown in
Section 3, the given paper was found after the first snowballing iteration.
Finding the paper during the snowballing search is an evidence that
it adds value to the research by minimizing the probability of missing
relevant papers.

2.2.2. Data sources
After having a valid search string, we conducted the database search
(Step 3) in the following digital libraries:

« ACM Digital Library
Engineering Village
ISI Web of Science
Science Direct
Scopus

Springer

2.3. Selection criteria

To screen and clean data (Step 4), we defined a generic exclusion
criteria:

A duplicate OR

Published in a non-peer reviewed channel (e.g., thesis) OR
Published in a book OR

Unavailable in English or Portuguese OR

Published before 2001.

i ol el

Afterwards (Step 5), the remaining papers were evaluated through
the following inclusion criteria:

« presents an intelligent techniaue aoolied to ASD AND is a primarv
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single researcher executed the screening and cleaning of data.

2.3.1. Selection method

To select the papers, we used a two-stage approach. First, we evalu-
ated the papers by applying the adaptive reading approach [58], which
included at least two reviewers. Later, the full-text of the papers were
read by two reviewers (data extractor and data checker) [59,60]. They
extracted the data from the papers and excluded them based on the
same criteria used in the previous step and the quality criteria. We
present details of the quality assessment and data extraction process
in Sections 2.4 and 2.5, respectively.

The snowballing approach (Step 6) was performed with the papers
identified during the database search as the seed set. For each paper in
the seed set, we applied the backward and forward snowballing. Back-
ward and forward snowballing refers to systematically analyzing the
references and citations, respectively, of a given set of papers.

For the forward snowballing, we used Google Scholar and Scopus as
the data sources. We applied the same approach as in Steps 4 and 5 to
select the papers and extract their data. For the backward snowballing,
the papers were initially evaluated by only one reviewer. The reviewer
was responsible for applying the generic exclusion criteria defined in
Step 4, by evaluating the reference list for each paper, and, if necessary,
the place of reference in the text. Later, for the included papers, we
applied the same approach as in Step 5 to select the papers and extract
their data. After identifying that there were no more candidate papers,
we analyzed the data regarding the Research Questions (RQs) (Step 7).

2.4. Quality assessment

To assess the empirical quality of the papers, we followed the criteria
established by Dyba and Dinggyr [61], which are presented as follows.
To evaluate each of the criteria listed above, we used a boolean scale,

»

in which a score of “1” means “yes” and “0”, “no”.



To further ensure the relevance of our search strategy, we
search our keywords on popular publication databases, such as
ACM, IEEE Xplore, Wiley etc. We search for our keywords in titles
and abstracts.” We retrieve 13 144 results from IEEE Xplore, and
10567 from ACM for the same timeline (2011-2020). We inspect
first 200 results (sorted by relevance criterion on the publisher
webpage) from each of these databases. We apply our inclusion
and exclusion criterion to find the extent to which our venue
selection criteria might have missed relevant papers. Our results
from ACM show that 19% of the these papers are already covered
by our search strategy but only 5% of them fulfilled our inclusion
criterion. Nearly 81% of the papers are excluded due to their non-
SE venue. Among these papers, 80% are unrelated to the code
comment quality aspect while 1% of papers (two papers) that are
related to code comments are missed due to two main reasons,
(1) the venue not being indexed in CORE2020, and (11) the paper
being from a non-technical track. ,,



Selection criteria

* The queries can return many primary studies

 [The selection criteria determine which studies are included In, or excluded
from
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2.2.5. Data selection

We analyze @ the 2043 selected papers following the protocol
where four authors or evaluators manually evaluate the papers
based on the inclusion and exclusion criterion to ensure that they

Indeed assess comment quality.
Inclusion criteria

[1 The topic of the paper is about code comment quality.

[2 The study presents a model/technique/approach to assess
code comments or software documentation including code

comments.
Exclusion criteria

E1 The paper i1s not in English.

E2 It does not assess any form of quality aspects of comments
e.g., content, style, or language used.

E3 It is not published in a technical track.

E4 It 1s a survey paper.

E5 It is not a peer reviewed paper, or it is a pre-print.

E6 It covers other documentation artifacts, i.e.,, not comments.

E7 It i1s shorter than 5 pages.



Selection method

 How the selection criteria will be applied by the authors

 How the disagreements will be resolved, if need be
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Manual analysis. The selected papers were equally divided
among four evaluators (i.e., two Ph.D. candidates and two faculty
members) based on years of publications so that each evaluator
gets papers from all venues, e.g., the first author evaluate pro-
ceedings from 2011 to 2013. We make sure that evaluators do
not take decisions on papers they co-authored to avoid conflicts
of interest. Each evaluator has at least two years of experience
In the domain of comment analysis. Each paper is reviewed by
three evaluators. The evaluators follow a three-iteration-based
process to evaluate the assigned papers. In the first iteration, the
first evaluator independently assesses the relevance of a paper
based on the criteria by inspecting each paper’s title and abstract,
to make an initial guess, then inspecting its conclusion to reach
the final decision. In the next iteration, another evaluator reviews
the paper and validates the previous decision by adding the label
“agrees/disagrees with the first evaluator”. With this process,
every publication selected in the final set is reviewed by at least
two researchers. In case they do not agree, the third evaluator
reviews it (Kuhrmann et al,, 2017), and the final decision is taken
based on the majority voting mechanism.

29



Quality assessment

* Quality checklist to assess the individual studies

* For each of the papers, we check whether some characteristics are valid

30



Quality assessment

Manual analysis. The selected papers were equally divided
among four evaluators (i.e., two Ph.D. candidates and two faculty
members) based on years of publications so that each evaluator
gets papers from all venues, e.g., the first author evaluate pro-
ceedings from 2011 to 2013. We make sure that evaluators do
not take decisions on papers they co-authored to avoid conflicts
of interest. Each evaluator has at least two years of experience
in the domain of comment analysis. Each paper is reviewed by
three evaluators. The evaluators follow a three-iteration-based
process to evaluate the assigned papers. In the first iteration, the
first evaluator independently assesses the relevance of a paper
based on the criteria by inspecting each paper’s title and abstract,
to make an initial guess, then inspecting its conclusion to reach
the final decision. In the next iteration, another evaluator reviews
the paper and validates the previous decision by adding the label
“agrees/disagrees with the first evaluator”. With this process,
every publication selected in the final set is reviewed by at least
two researchers. In case they do not agree, the third evaluator
reviews it (Kuhrmann et al., 2017), and the final decision is taken
based on the majority voting mechanism.



Quality assessment

2.2.6. Data evaluation

We work in step@ on the full versions of the 47 relevant pa-
pers to identify the QAs and the approaches to assess comments.
In case we cannot retrieve the full PDF version of a paper, we use
university resources to access it. This affects only one paper by
Sun et al. which requires payment to access the full version (Sun
et al., 2016). In case we cannot access a paper via any resource,
we remove it from our list. We find no such inaccessible study.

We report all papers in an online shared spreadsheet on
Google Drive to facilitate their analysis collaboratively. For each
paper we extract common metadata, namely Publication year,
Venue, Title, Authors, Authors’ country, and Authors’ affiliation.
We then extract various dimensions (described in the following
paragraphs) formulated to answer all research questions.



Data extraction strategy

 How the information from each primary study will be obtained

* The description of the data collected

» Standard fields are always applied, such as type of article, name of the publication
channel, year of publication

* |t can also include some specific classification schema
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Data extraction strategy

Thus, we reduce 2043 papers to 71 candidate papers (i.e.,3%)
with a fair agreement according to Cohen’s Kappa (k=0.36). For all
candidate papers, we read in step @ their introduction, conclu-
sion, and the study design (if needed), and discuss them amongst
ourselves to ensure their relevance. During this analysis process,
some additional papers were found to be irrelevant. For example,
the study by Aghajani et al. seems relevant based on the title

and abstract, but does not really evaluate code comments, and
we thus discarded it (Aghajani et al., 2020). With this process, 41

papers in total were discarded, reducing the relevant paper set to
30 papers.

34



Data extraction strategy

2.3. Data extraction for research questions

To answer RQ1 (What types of comments do researchers focus on
when assessing comment quality?), we record the Comment scope

dimension. It lists the scope of comments under assessment such
as class, API, method (function), package, license, or inline com-
ments. In case the comment type is not mentioned, we classify it
as “‘code comments”. Additionally, we identify the programming

languages whose comments are analyzed, and record this in the
Language analyzed dimension.

35
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Preliminary searches

* Help to identify existing literature reviews
* Asses the volume of potentially relevant studies

* Refine some of the steps in the review protocol

37



Reference managers

AT “oldecr 2 Sre Zawes

My ibeny ~ an e T ey

4 Mleavacte

Ravarriy Azda *® & 7 duhies T oo Ssktedin Gijed | Sl Home

Paxs s g e e Qe MaoRed e Sowpited Daa Przosesy on N3 Czwraroate PN s € frere Ponmee v 3
9 - Lege hewe ot Al

L
- o B NN RARan | Tt te Mt e Sho v Revioy YOS o \ The F"“.‘? of Coment .
= Py Pedatao - R T Compaosition - an the Cradki.,,

|
. f r r] t | el T, Sane; Pz . Mo e hwerzmc ookekencaa MU OVREL 0712 7 Sedsbir
U S e u I t O St O e a d u Cul i g ) Fervrode dach ieaye : ’ Astow: ij?.&?l{fh%'bs’w L
Swnarestead VK L Al vpertsuanindsg kealels ot SLI Murdogas The 12,20 l .
|

Grouge ® SPerTars hrovsare pahotgy ethg. FroTwiZEs.. LWL Mo sayo YRy N he paos
4 roriby o THoead 2Cendth . TheltecorCaravCaradie mibe KD Th ™1 e | e
n -~ Coading R e Tracewies.. L2324530 . 5 | 70 IReNTNGAN SR
I Camrosy | brenTes: o
by | OF e iRty of Camye.
L Evesavers
o N PR | R AT
Loufrie Pagee: e
Folheeg Sadloyy v | Al act:
CONTACTS 2] - b Trooerlte ot chodan oF e rASEE ] RLEINOA
| otahuze S S SR £ oo
.lln (Y | el ool rhuT aratuuias e,
| wwhwmo vy e dec of
ﬂv.-rn:p-n.-- | Inzgemblovmavd loseaw

thlalimx ol sabotrlape et lnarls
. | den hw ralr s, Tea ac et i
AMNLINE B SN e Te Y e od e

. ’ CAE N BT T e N rast ey aoie. Wirdow Help
Koz s geioted Tro Wiy 20r3ors -
i TN s B E o ~—1 = SRR L T TR TR B Y . 0 -
O el O | | it e sy =1 B B I21E 0 BB D& 9| @ wassa oA

| aem Fonbnclogr yoca el [r—

| :..:" :‘:;.,,:,':,':,1,.: .:::,":):‘_, Lo Quleto ¢ Semcth ‘Whnls | hioey v L MukhCen L VokhWods  Rrforence Provizw
CACR Y O AN YO epe Y «' o ~pomd |
. - — o) — L
‘ Zoturo a
- - - . % ® & Amror " e e a N
a |- O~ A | &~ - v TTue, Creator, Your v @ 2 /‘? ¥ = e .||
: &) ® & Thoki L:Scheren DoBul,. 014 Fvolstion of dets credtion, masegoment, publcotion. “I [+ st M Comaee
R LAy ey = . - SRR g B3 v Tess  neted (G2) || @ & Znge |:Seherer B lol. A4 Lunktion nt dass creaticn, management, juhication, i S
. G Fook Rmsearn g B Sosre, melade, :.ut.ur. Laza sutrey -,'\u du um‘t “".‘“’.l oL Zawgy e ! '; a8 B & Fiebmurel Somanl Hew R, N3 I=barpet in thw 1w of soecpuesares sorieck pretals rcle
m- 2m- > 4 T ‘J':cmce ',rt\:ct !..c‘;rmu':s. ordokes face 2 1o hewe jouns  No ib:b s Tips Jowrnal A e R O & DuXhodaw Tureey. Pet. 2015 Measwring academic nfuence Not ¥ dtations are &
(3 Oreartaticn - The ;{'o:rg.:ﬁ.e o Tregica Medicrein France Ceome 04 Trie Clrosation o Medicime 'n 2ne Eary Modern a 8L Kangkarg: Yang fhon.. N6 A Verosidyse-nked Spactrophotom stric hooyy for t
£ Aobrcs o Bl L Coconay Disede, Tranglation, 9°C Enlightenment: Frareo-BeN.. Chamers 014 Atart o World ! az @ Zaft GeZoigier, Bersard P 2002 Discrete cvent smubtion of sockal sclences The Xerl
. g Taschon ¥ o Trcirg o Droge trougs Friceipwe n the bghtacsnih Certa . Wikeen 21238 ~Authe Coo< Hardle .. = Host % @'}) Wuscl, Zymiyeh B Basti M., D10 Classfication of issuss undetyng the d=vehzpment of o =
- » Tt Wodcnes §esnnon e Soeesams At Word: Azcus.. Waker 2510 = Autho Welker, Timcey D. - ) S(; 3 e Yoo B UM NOW, Hansen,, 2015 Strongyloides starcorais Hyperisfection Syndrome ¥
(1 Nozping > Legrosy and 5 awery in Surinanee: Codiried Seilrg ano the Fr.. Sneiders w1 Ahsiract The eazrch for possectul dnuge has cyuees | ’_ ® & duYonghong di; Mt 2011 Guwder Dif fescices i STEM Disciplioan: Frum the A
[l Ogen Acoees > Nedoal Exgerinentation and Race i the Eighteena cemury .. Sehictingar 2013 pengie’snd conmesl s o rmove sroood the e @ Wu Li Li; U Yas Yau Con. 2016 Antideprersant Like Effocts of Froctivms Propared fic = =
Ll Teor Miniee < T Diecolatior of Rk y Kncwbege e the Savrrmnth-cam.. Ghnee N Pbe fer mday Canturis, it S doa .. @ Wrack, Wascor Pruker, M. 7014 Data £ wdratugins dor mulktinational large- —_—
| hica oA el o L ’ ;- S - - -
[ Vi aticn v W Gircslstion of Mmdicne in s Eaxly Modern Asbe-tic Word Cock wd Wnikne |07 Fulsseieg Soo oy o e g @ & Wong S E 013 Mursisg Iedormuticn wnd Imphancrtation of « KICU P
n n R voure 26 i ) . 2 5
‘ “ My Fubicatons < Symhes e of zcholymaip on ‘medlcieas” to reetnm Pocus o ® & Wit Kendiw E; Do G 2012 Incscning Fruit asd Vogutabb: Cotaumplicn ancay F
O e A Ougicme Harme m Ful Text PCF ‘:- a2 :3, - e Wirger, Dt Deaver (C.. 1960 Nerluape colar gulde - 100 water-wise plants for gan
<J Trsmn Covno Medes Erccumers in the Neseemn Certary: The Fr.. Thoml w2 S = az ® & Wiliems Pamids A Caten,.. 3014 Nutritica-Education Pregram Improwes Preschealers'
: . m batworks 'n Tropical Mealzla: Intermatizea lem, Soloalylem, 3., Nell A1 ) Late 20vyiauen ymo o o Whitmire, A, L: loock. Mo, J1S  Variabiity i academic research dyts management pr
oy - Earty Ciwicy Faatrns of Dengue Yius infezron m Nicaraguan. Biswes o1 3, w2 - 3195 3 Wacter, ). fi; 0dacet-lia.. 14 [t community raspencs to tha Lyvet Amardils Camp
£ Grews Lbsearive » B wedcine ir an 3ge of cammercs av emp ra: BrEan a%a Retr. Haetison 0610 o s TXh ® & Weler, T; Monree-Galick., 2014 Understanding methodstogical and daciginary ciffer
¢ S Progasel > Finieg Ue “Tuesl D et': N tion, Cullure, and Diclry Prostc.. Nul W AR o @ & Weler Iravis University .. 2015 Ditterances in the Uata Practices Challangas. 20d Ful
» B uscard Lao bW Bt of e Se T War und Subueiiity i By Medue Truree Pishiciune wee ok R 500 e W @ Wywn, Lume A4 dn Lsplneaany sy ot yecanzasy hcents ludgmenr: =
» [ “cpcNodeing b The Bperimans of Ramde M, Termeyer SJ 07 the Slectriz 6 .. 60 A 2008 o - OO v @ @ Weahen ClNagine Burkel.. 2002 Beficve it or not: Factors nflecncing cedliity on the -
» B psyoraery ang Empie Mahone and Vaughan 2007 DA RS Shaee e @ waens NeIL 007 Wiw you on't cite Wikipedsa in my chass .
‘ + a e Yo Mese! %550 contury Acsimalizaticn Aged | ® B Medcin and 1% Market Tn England andIts Caonies, CGD-.. Jennerana Walis 2007 8SN 0951-831X ® @ Wang £;Wakther, LECPL. 200U Healthintormatios, credbiity. hamcphily, and inflse
Appadts Bosd Gommay Ghidren Gimate > g Nurtlir s ol socctuaries amesar s, rasch = ne it wczwetse 1 lhw .. Lok W Shart TRle Sae iy <& -_fx Wang Xivdou; Burgaam A, 2012 Aseunamio baaed walur ¢ Srwehions gl P
Cokergd Computiten Crvky Cramang > A bmbie Tiscedy = the S ranch Allants: Hethss:w el e foca ""J :‘Q‘;‘:;;:‘:::;:;':;“""’"‘""‘ o263 2 S & Vatha. ). 8:'.‘:‘::-1 Z:lo.. 04 Treoet of top lovel domaeing 2nd advatsamans or
> NG 101 1he Deer i oAt o 10 d, .
Dageneration Diet Digesdor Disegse ¥ Neter ?1 'n.mc'r:or drin<e, bt whan -eo.cr'?f Yicerh C'x':'-nbm- fcas ik | L R — = — _ B ——
Ny 1ha e aloalacs o & 0 chve .
Dectors Urcie bncing: fak bmgesceam Tr“:‘“"mm‘m._ A “m colonlas c““r_“:ﬁ Dbl r‘c_" Nc.. 2008 Lo, B AN =
> Vsristafies, Vapsimtion med Popilbr Redutsecein Fary Crloni.. Rrimens el MY T — e ———
Faperren bond Foanon Gregraptg Snbs . . 3 Library Cary o
> o - B > Syphiie, Davomacis, ancd Serpeaxty”: Colenw Danelroctonn Proeshan 00 ’ acg
SU/ana i Indes Indinincus madidea - Lhooerg 56 nctd £ Pattimeny: S 2omibd #aex Aphoarn Lae. Gulame W0 CalNunbe
Imemeerance Lancuage Lemcnace Meckre | NOdNE35 ond Cokn 2aton Psyehiatry in the 3eitsh are Frere.. Kele P e
Mecality Biranl Fuser Putce > The Colcnial Mazrine: French Seicnoe and Coorizaticn in the .. MzCidlin end Rego.. 2000 e
Prefuasaradinm Rugurwestizn Sersty From macica satraingy to madieal sanremy: sol e ard pl. Harrison N0 Date fdcea 124,20%, WAA12Z AM
C e | P Gleayen and Erspine; The Meakh of Eiroceas Trooas In the Ca.. Byrom 000 Moalted 124,200, TEGOIE AM
- Bl o ntecses 8 Focabibiloma. Linalbs Nass Fardasmensnd snd Pal llassisss rmn

38



IEEE Xplore® | ¥IEEE
oo I ZURICH

» Sign Out

D I g I ta I L I b I a I I e S @ywords or phrases (Note: Searches metadata only by defaull. A search for 'smarn gnd

Search within results n Download PDFs » ' Export w ' Set Search Alerts w ' Search History

Advanced Search | Other Search Options

Showing 1-7 of 7 for pasquale salza

Conferences (6) Journals (1)
Select All on Page Sort By: Relevance
Show
» Al Results A Set of Metrics for the Effort Estimation of Mobile Apps 'h

Gemma Catolino ; Pasquale Salza ; Carmine Gravino ; Filomena Ferrucci
. O O g e ‘ O a r My Subscribed Content 2017 IEEE/ACM 4th Intermational Conference on Mobile Software Enaineerina and Svstems

Google Scholar  pooja Rani UzH
o D B LP N Articles 11 results (0.09 sec)

Any time User profiles for Pooja Rani UZH

A 1/ " Since 2025 Pooja Rani
¢ C M D I g Ita I LI b ra ry Since 2024 University of Zurich
Verified email at ifi.uzh.ch

Since 2021 Cited by 256
Custom range...

O I E E E EX p I O re Sort by relevance Energy Patterns for Web: An Exploratory Study [PDF] aCm.Or

P Rani, J Zellweger, V Kousadianos, L Cruz... - Proceedings of the 46th ..., 2024 - dl.acm.org

Sort by date As the energy footprint generated by software is increasing at an alarming rate, understanding

how to develop energy-efficient applications has become a necessity. Previous work has ...

" Any type 77 Save 99 Cite Citedby 6 Related articles All 8 versions
e (, 't y
I eS e e r Review articles

Energy Patterns for Web [PDF] tudelft.r
include patents P Rani, J Zellweger, V Kousadianos, L Cruz, T Kehrer... - 2024 - repository.tudelft.nl
. . . v/ include citations : o i ; : :
® E I S D 't As the energy footprint generated by software is increasing at an alarming rate, understanding
S eV I e r C I e n C e I reC how to develop energy-efficient applications has become a necessity. Previous work has ...
84 Create alert v¢ Save 99 Cite Related articles 99
The NLBSE'24 Tool Competition [PDF] acm.or¢

..., L Pascarella, O Chaparro, P Rani - Proceedings of the ..., 2024 - dl.acm.org

We report on the organization and results of the tool competition of the third International
Workshop on Natural Language-based Software Engineering (NLBSE'24). As in prior editions, ...

vr Save 99 Cite Cited by 29 Related articles All 15 versions

l—‘f\\ll AI\(\O oimn ||nf;nn hﬂbl\f‘l fnofinn ‘I\I’ Dl\l‘ Al’;\l;nﬂ Fatle ) dal mnfnh hllmﬂn l dalalm B aTalaalFraYt.



Study selection

We first retrieve the full list of papers and their copies

We should not include multiple publications of the same data (extensions) and get the most recent ones

We filter part of them according to the titles

We investigate about the pertinence using the abstracts

Obtaining the final list might require to look at the contents

40



Documenting the search and selection

* The process has to be transparent and replicable (as much as possible)
* Every paper resulting from the search should be stored

* Also, the excluded studies should be saved and retained for possible
reanalysis

41



Data extraction

* We extract relevant data from each of the selected primary studies
* A spreadsheet can be useful
* |t should be done independently from two or more researchers

* Disagreements can be resolved either by consensus or arbitration by an additional
independent researcher

42



Data extraction
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Data synthesis

* We collate and summarize the results of the included primary studies

* The synthesis can be descriptive (nharrative) of the studies, useful for
discussion

* |t can be quantitative, based on the aggregation of quantitive data
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Data synthesis
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Write the review Into a paper

* Once the review has been completed, it’s time to report everything into a paper
* The report should include everything needed to replicate the review
* Thus, it should include the results as well as the adopted process to retrieve them

* Papers have usually page limits
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Title

 The title should be short but informative

* |t needs to be based on the question being asked

* |n the case of general purpose journals, it should indicate that the study Is a
systematic review

48



Abstract

 Some journals require systematic reviews to have a structured abstract

» Context: the importance of the research questions

e Obijectives: the questions

 Methods: data sources, study selection, quality assessment, and data extraction
* Results: main findings

* Conclusions: implications for practice and future research
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Code comments are important artifacts in software systems and play a paramount role in many
software engineering (SE) tasks related to maintenance and program comprehension. However, while
it is widely accepted that high quality matters in code comments just as it matters in source code,
assessing comment quality in practice is still an open problem. First and foremost, there is no unique
definition of quality when it comes to evaluating code comments. The few existing studies on this
topic rather focus on specific attributes of quality that can be easily quantified and measured. Existing
techniques and corresponding tools may also focus on comments bound to a specific programming
language, and may only deal with comments with specific scopes and clear goals (e.g., Javadoc
comments at the method level, or in-body comments describing TODOs to be addressed).

In this paper, we present a Systematic Literature Review (SLR) of the last decade of research in SE
to answer the following research questions: (i) What types of comments do researchers focus on when
assessing comment quality? (ii) What quality attributes (QAs) do they consider? (iii) Which tools and
techniques do they use to assess comment quality?, and (iv) How do they evaluate their studies on
comment quality assessment in general?

Our evaluation, based on the analysis of 2353 papers and the actual review of 47 relevant ones,
shows that (i) most studies and techniques focus on comments in Java code, thus may not be
generalizable to other languages, and (ii) the analyzed studies focus on four main QAs of a total
of 21 QAs identified in the literature, with a clear predominance of checking consistency between
comments and the code. We observe that researchers rely on manual assessment and specific heuristics
rather than the automated assessment of the comment quality attributes, with evaluations often
involving surveys of students and the authors of the original studies but rarely professional developers.

© 2022 The Author(s). Published by Elsevier Inc. This is an open access article under the CCBY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).



Introduction and background

* The introduction should set the context of the report
* The research gquestions have to be presented and justified

* |t can include some background, useful to follow the rest of the paper

51



cecrnrigques do UICy Uusc L0 d55C55 COIINchnt qudiity s, d41d (1v) AnoOw dO UICy evaiudaile ulcil StUdics Ol
comment quality assessment in general?

Our evaluation, based on the analysis of 2353 papers and the actual review of 47 relevant ones,
shows that (i) most studies and techniques focus on comments in Java code, thus may not be
generalizable to other languages, and (ii) the analyzed studies focus on four main QAs of a total
of 21 QAs identified in the literature, with a clear predominance of checking consistency between
comments and the code. We observe that researchers rely on manual assessment and specific heuristics
rather than the automated assessment of the comment quality attributes, with evaluations often
involving surveys of students and the authors of the original studies but rarely professional developers.

© 2022 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Software systems are often written in several programming
languages (Abidi and Khomh, 2020), and interact with many
hardware devices and software components (Lehman et al., 1997,
Torngren and Sellgren, 2018). To deal with such complexity and
to ease maintenance tasks, developers tend to document their
software with various artifacts, such as design documents and
code comments (de Souza et al., 2005). Several studies have

* Editor: Shane Mclntosh.
* Corresponding author.

E-mail addresses: pooja.rani@unibe.ch (P. Rani), arianna.blasi@usi.ch
(A. Blasi), nataliia.stulova@unibe.ch (N. Stulova), panc@zhaw.ch (S. Panichella),
alessandra.gorla@imdea.org (A. Gorla), oscar.nierstrasz@unibe.ch (O. Nierstrasz).
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demonstrated that high quality code comments can support de-
velopers in software comprehension, bug detection, and pro-
gram maintenance activities (Dekel and Herbsleb, 2009; McMillan
et al., 2010; Tan et al., 2007). However, code comments are typ-
ically written using natural language sentences, and their syntax
iIs neither imposed by a programming language’s grammar nor
checked by its compiler. Additionally, static analysis tools and lin-
ters provide limited syntactic support to check comment quality.
Therefore, writing high-quality comments and maintaining them
in projects is a responsibility mostly left to developers (Allamanis
et al., 2014; Kernighan and Pike, 1999).

The problem of assessing the quality of code comments has
gained a lot of attention from researchers during the last
decade (Khamis et al., 2010; Steidl et al.,, 2013; Ratol and Ro-
billard, 2017; Pascarella and Bacchelli, 2017; Wen et al., 2019).
Despite the research community’s interest in this topic, there is




Review questions

* Lists all the research questions with separate identifiers, e.g., RQ1

 When possible, we define subqguestions to simplify the understandability of
the paper

* Every research questions should be then motivated
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of the studies considered by Zhi et al. concern code comments.
Given the increasing attention that researchers pay to comment
quality assessment, it 1s essential to know which QAs, tools and
techniques they propose to assess code comment quality.

To achieve this objective, we perform an SLR on studies pub-
lished in the last decade, i.e., 2011-2020. We review 2353 studies
and find 47 to be relevant to assessing comment quality. From
these we extract the programming language, the types of ana-
lyzed comments, QAs for comments, techniques to measure them,
and the preferred evaluation type to validate their results.

We observe that (i) most of the studies and techniques fo-
cus on comments in Java code, (11) many techniques that are
used to assess QAs are based on heuristics and thus may not
be generalizable to other languages, (ii1) a total of 21 QAs are
used across studies, with a clear dominance of consistency, com-
pleteness, accuracy, and readability, and (iv) several QAs are often
assessed manually rather than with the automated approaches.
We find that the studies are typically evaluated by measuring
performance metrics and surveying students rather than by per-
forming validations with practitioners. This shows that there is
much room for improvement in the state of the art of comment
quality assessment.

The contributions of this paper are:

(1) an SLR of a total of 2353 papers, of which we review
the 47 most relevant ones, focusing on QAs mentioned
and research solutions proposed to assess code comment
quality,

(11) a catalog of 21 QAs of which four QAs are often investi-
gated, while the majority is rarely considered in the stud-

9 ﬁf‘\f’l r\r smslussie T o cumeary sarsdbe Svsmseon s = P+ fkn . S

2.1. Research questions

Our goal is to foster research that aims at building code com-
ment assessment tools. To achieve this goal, we conduct an SLR,
investigating the literature of the last decade to identify comment
related QAs and solutions that address related challenges. We

formulate the following research questions:

e RQ;: What types of comments do researchers focus on when
assessing comment quality?
Motivation: Comments are typically placed at the beginning
of a file, usually to report licensing or author informa-
tion, or placed preceding a class or function to document
the overview of a class or function and its implementa-
tion details. Depending on the specific type of comment
used in source code and the specific programming lan-
guage, researchers may use different techniques to assess
them. These techniques may not be generalizable to other
languages. For example, studies analyzing class comments
in object-oriented programming languages may need extra
effort to generalize the comment assessment approach to
functional programming languages. We, therefore, investi-
gate the comment types researchers target.

e RQ,: What QAs do researchers consider in assessing comment
quality?
Motivation: QAs may solely concern syntactic aspects of the
comments (e.g, syntax of comments), writing style (e.g.,
grammar), or content aspects (e.g., consistency with the
code). Researchers may use different terminology for the



Review methods

* Presents the review protocol

* |t Is structured into subsections according to the components of the review
protocol

|t should also report any change to the original protocol
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2.2. Search strategy

After formulating the research questions, the next steps fo-

cus on finding relevant studies that are related to the research
questions. In these steps, we

. construct search keywords in Section 2.2.1,

. choose the search timeline in Section 2.2.2,

. collect sources of information in Section 2.2.3,

retrieve studies in Section 2.2 .4,

select studies based on the inclusion/exclusion criteria in
Section 2.2.5, and

evaluate the relevant studies to answer the research ques-
tions in Section 2.2.6.

Qs W

o

2.2.1. Search keywords

Kitchenham et al. recommended formulating individual facets
or search units based on the research questions (Kitchenham and
Charters, 2007). These search units include abbreviations, syn-
onyms and other spellings, and they are combined using boolean
operators. Pettricrew et al. suggested PIO (population, interven-
tions, and outcome) criterion to define such search units (Petti-
crew and Roberts, 2008).

The populations include terms related to the standards. We
first examine the definitions of documentation and comment in
IEEE Standard Glossary of Software Engineering Terminology (IEEE
Standard 610.12-1990) to collect the main keywords. According
to the definition, we identify the keywords comment, documen-
tation, and specification and add them to the set K,. We further
add frequently mentioned comment-related keywords, such as
API, annotation, and summar to the set K;.

LtClliiiival lJ(lPCID LIIAL VVEOIC© 1IVUL 1111 N UL Ll)llls LAIC LIV UL I0OUIN O Ul
the number of pages.

Hence, using the final set of keywords (also given in Table 1),
we select a paper if its title and abstract match the keywords from
K, and K5 but not from K3 where the prefix function is used to
match the keywords in the paper.

2.2.2. Timeline

We focus our SLR on the last decade (i.e., January 2011-
December 2020) since Zhi et al. investigated the works on soft-
ware documentation quality — including code comments — from
1971 to 2011 Zhi et al. (2015). Our results can thus be used
to observe the evolution of comment quality assessment, but,
more importantly, they naturally complement the existing body
of knowledge on the topic.

We then proceed to the main steps i.e., retrieving the paper
data, selecting venues, and identifying the relevant papers for our
comment context.

2.2.3. Data collection
Concretely, our data collection approach comprises three main
steps, i.e., literature data collection, data selection, and data eval-

uation, which we sketch in Fig. 1 and present in further detail as
follows:

We now describe how we automatically collect the data from
the literature, explaining the rationale behind our selection of
venues and our automatic keyword-based filtering to identify
the likely relevant papers regarding comment quality assessment.
We justify the need for another step of data gathering based
on the snowball approach in Section 2.2.5. Finally, we present

our criteria for the careful evaluation of the relevant papers in
Section 2.2.6.



Included and excluded studies

* List all the final set of included primary studies

P. Rani, A. Blasi, N. Stulova et al. The Journal of Systems & Software 195 (2023) 111515
Table 3
Included studies.
Study ID Title Year Reference
SO1 How Good is Your Comment? A Study of Comments in Java 2011 Haouari et al. (2011)
Programs.
S02 Quality Analysis of Source Code comments. 2013 Steidl et al. (2013)
S03 Evaluating Usage and Quality of Technical Software 2013 Garousi et al. (2013)
Documentation: An Empirical Study.
S04 Inferring Method Specifications from Natural Language API 2012 Pandita et al. (2012)
Descriptions.
S05 Using Traceability Links to Recommend Adaptive Changes for 2014 Dagenais and Robillard (2014)
Documentation Evolution.
S06 On Using Machine Learning to Identify Knowledge in API 2019 Fucci et al. (2019)
Reference Documentation.
S07 Detecting Fragile Comments. 2017 Ratol and Robillard (2017)
SO8 Automatically Assessing Code Understandability: How Far are 2017 Scalabrino et al. (2017)
We?
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Included and excluded studies

» List all the final set of included primary studies

 |f the paper space allows, it should also includes the list of the
excluded papers

* A diagram can show the process of selection
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P. Rani, A. Blasi, N. Stulova et al.

The Journal of Systems & Software 195 (2023) 111515

Fig. 1. SLR stages to collect relevant papers.
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Results

* Non-quantitative studies should be provided to summarize each of the
studies and presented in textual form

* Quantitative summary results should be presented in tables and graphs
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Table 5

Type of research approach studies use and type of contributions studies make.,

Dimension Category Description
Research type Empirical This research task focuses on understanding and highlighting various problems by analyzing relevant projects,
or surveying developers. These papers often provide empirical insights rather than a concrete technique.
Validation This research task focus on investigating the properties of a technique that is novel and is not yet
implemented in practice, e.g., techniques used for mathematical analysis or lab experimentation
Evaluation The paper investigates the techniques that are implemented in practice and their evaluation is conducted to

show the results of the implementation in terms of its pros and cons and thus help researchers in improving
the technique.

Solution Proposal

The paper proposes a novel or a significant extension of an existing technique for a problem and describes
its applicability, intended use, components, and how the components fit together using a small example or
argumentation,

Philosophical

These papers present a new view to look at the existing problems by proposing a taxonomy or a conceptual
framework, e.g., developing a new language or framework to describe the observations is a philosophical
activity.

Opinion

These papers describe the author's opinion in terms of how things should be done, or if a certain technique
is good or bad, They do not rely on research methodologies and related work,

Experience

These papers explain the personal experience of a practitioner in using a certain technique to show how
something has been done in practice. They do not propose a new technique and are not scientific
experiments.

Contribution type

Empirical

The paper provides empirical results based on analyzing relevant projects to understand and highlights the
problems related to comment quality.

Method/technique

The paper provides a novel or significant extension of an existing approach,

Model

Provides a taxonomy to describe their observations or an automated model based on machine/deep learning.

Metric Provides a new metric Lo assess specific aspects of comments.
Survey Conducts survey to understand a specific problem and contribute insights from developers.
Tool Develops a tool to analyze comments.
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Discussion

* This section can be used to discuss the findings of the review

* Highlights strengths and weaknesses of the evidence included in the review

* Discusses the applicability of the findings
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4. Discussion

Below we detail our observations about state of the art in com-
ment quality analysis together with implications and suggestions
for future research.

Comment types. The analysis of the comment quality assessment
studies in the last decade shows that the trend of analyzing
comments from multiple languages and systems is increasing
compared to the previous decade where a majority of the studies
focus on one system (Zhi et al., 2015). It reflects the increasing use
of polyglot environments in software development (Tomassetti
and Torchiano, 2014). Additionally, while in the past researchers
focused on the quality of code comments in general terms, there
is a new trend of studies that narrow their research investi-
gation to particular comment types (methods, TODOs, depre-
cation, inline comments), indicating the increasing interest of
researchers in supporting developers in providing a particular
type of information for program comprehension and maintenance
tasks.

Emerging QAs. Our analysis of the last decade of studies on code
comment assessment shows that new QAs (coherence, conciseness,
maintainability, understandability etc..), which were not identified
in previous work (Zhi et al.,, 2015), are now being investigated and
explored by researchers. This change can be explained by the fact
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Related Work

7. Related work
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This section discusses the literature concerning (i) studies
motivating the importance of quality attributes for software doc-
umentation, (i1) comment quality aspects, and (iii) recent SLRS
discussing topics closely related to our investigation.

Important quality attributes for software documentation.
Various research works conducted surveys with developers to
identify important quality attributes of good software documen-
tation. Forward and Lethbridge surveyed 48 developers, and
highlighted developer concerns about outdated documentation
(Forward and Lethbridge, 2002). Chen and Huang surveyed 137
project managers and software engineers (Chen and Huang, 2009).
Their study highlighted the typical quality problems developers
face in maintaining software documentation: adequacy, com-
plete, traceability, consistency, and trustworthiness. Robillard
et al. conducted personal interviews with 80 practitioners and
presented the important attributes for good documentation, such
as including examples and usage information, complete, orga-
nized, and better design (Robillard, 2009). Similarly, Plosch et al.
surveyed 88 practitioners and identified consistency, clarity, ac-
curacv. readabilitv. oreanization. and understandabilitv as the



Conclusions

* Shows the practical implications of the review for the research community

» Highlights some unanswered questions and implications for future work
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8. Conclusion

In this work, we present the results of a systematic literature
review on source code comment quality evaluation practices
In the decade 2011— 2020. We analyze 2353 publications and
study 47 of them to understand of effort of Software Engineering
researchers, in terms of what type of comments they focus their
studies on, what QAs they consider relevant, what techniques
they resort to in order to assess their QAs, and finally, how they
evaluate their contributions. Our findings show that most studies
consider only comments in Java source files, and thus may not
generalize to comments of other languages, and they focus on
only a few QAs, especially on consistency between code and
comments. Some QAs, such as conciseness, coherence, organi-
zation, and usefulness, are rarely investigated. As coherent and
concise comments play an important role in program understand-
Ing, establishing approaches to assess these attributes requires
more attention from the community. We also observe that the
majority of the approaches appear to be based on heuristics
rather than machine learning or other techniques and, in general,
need better evaluation. Such approaches require validation on
other languages and projects to generalize them. Though the
trend of analvzing comments appearing in multiple projects and



Threats to Validity

6. Threats to validity

We now outline potential threats to the validity of our study.
Threats to construct validity mainly concern the measurements
used in the evaluation process. In this case, threats can be mainly
due to (i) the imprecision in the automated selection of relevant
papers (i.e., the three-step search on the conference proceed-
ings based on regular expressions), and to (ii) the subjectivity
and error-proneness of the subsequent manual classification and
categorization of relevant papers.

We mitigated the first threat by manually classifying a sample
of relevant papers from a set of conference proceedings and
compared this classification with the one recommended by the
automated approach based on regular expressions. This allowed
us to incrementally improve the initial set of regular expressions.
To avoid any bias in the selection of the papers, we selected
regular expression in a deterministic way (as detailed in Sec-
tion 2): We first examined the definition of documentation and
comment in IEEE Standard Glossary of Software Engineering Termi-
nology (IEEE Standard 610.12-1990) and identified the first set of
keywords comment, documentation, and specification; we further
added comment-related keywords that are frequently mentioned
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