Understanding Practitioners’ Expectations on Clear Code Review Comments
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Abstract
WHE

The code review comment (CRC) is pivotal in the process of modern code review.
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It provides reviewers with the opportunity to identify potential bugs, offer constructive feedback, and
suggest improvements.
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Clear and concise code review comments (CRCs) facilitate the communication between developers and are
crucial to the correct understanding of the identified issues and proposed solutions.
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Despite the importance of CRCs’ clarity, there is still a lack of guidelines on what constitutes a good clarity

and how to evaluate it.
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In this paper, we conduct a comprehensive study on understanding and evaluating the clarity of CRCs.
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We first derive a set of attributes related to the clarity of CRCs, namely RIE attributes (i.e., Relevance,
Informativeness, and Expression), as well as their corresponding evaluation criteria based on our literature
review and survey with practitioners.
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We then investigate the clarity of CRCs in open-source projects written in nine programming languages
and find that a large portion (i.e., 28.8%) of the CRCs lack the clarity in at least one of the attributes.
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Finally, we explore the potential of automatically evaluating the clarity of CRCs by proposing ClearCRC.
fJa, FATHEE S ClearCRC A3 H 3hifly CRC i EERYTE 7

Experimental results show that ClearCRC with pre-trained language models is promising for effective
evaluation of the clarity of CRCs, achieving a balanced accuracy up to 73.04% and a F-1 score up to
94.61%.
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1 Introduction
144

Code review is the process of systematic examinations on software source code performed by third-party
developers [42, 49].

AR B i1 28 =7 TP R SO HEA RS 2 T R Gt 2 A9 AR [42, 49].

The primary goals of code review include identifying potential issues, seeking areas for improvement, and
transferring knowledge [9, 30, 51, 63, 65].

A B H AR AR AE R S RECEESURAIZ A1 [9, 30, 51, 63, 65]

It has been widely integrated into the software development life cycle in both open-source and industrial

projects to help the assurance of software quality.
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A code review comment (CRC) is a specific piece of feedback provided by a reviewer during the code

review process.
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Clear and concise code review comments (CRCs) are crucial for ensuring that the feedback is readable and
actionable, and further contributing to the overall quality of the software.

TE AT ARG A RS (CRC) R AR SO A P e e RT AT B B0 B, JFE— B A B TSk
I BEAR B

On the contrary, CRCs that lack of sufficient clarity may lead to confusion, misunderstandings, and

misinterpretations amongst the collaborating developers.
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Figure 1 presents two examples of code changes and their corresponding code review comments.
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In Example 1, the reviewer comments “please revert this change”.
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However, no rationale or reason behind this comment is provided.

SR, T JEFF AR SR TR fy =5 A

Developers may not understand why this change needs to be reverted.
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In Example 2, the reviewer suggests renaming a parent class and also explains the reason of such

suggestion.

Rl 2 o, BRI E A, R TR Iz 5N .

Moreover, this comment is written in a more friendly tone (i.e., “We can ...”).
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Although both of these two examples provide a suggestion to modify the code, their effectiveness in

conveying reviewer’s idea may considerably vary.
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Prior studies provide preliminary insights on revealing the quality of CRCs.
JERTITE S N8R CRC 1S 424 T 802 WA

For example, usefulness [11, 27, 47] focuses on whether the CRCs can trigger subsequent code changes or if
the reply to CRCs has a positive sentiment (e.g., “LGTM”).
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Yang et al. [62] proposed four attributes to evaluate the quality of CRCs.
Yang 5 A [62] #2t 1 VU@ MER IS CRC (1 ittt .

Such attributes focus more on the purpose of CRCs (e.g., evaluation, suggestion, and question).
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However, these studies either indirectly evaluate the quality of CRCs using the information after the
completion of the review, or evaluate the CRCs based on whether it has elements related to the purpose of
this comment.
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Therefore, a systematic understanding and characterizing of how a CRC can clearly and concisely foster
the communication among developers (i.e., clarity of CRCs) is still in mystery and an on-going challenge.
A, ARG ARRIZAE CRC ATy M R 0L BT % A Sz RIS (FI CRC RYTEMTEL) (3582 —
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In this paper, we conduct a comprehensive study to uncover the clarity of CRCs by following a multi-

phased investigation:

FEASCH, FATEE 2 W BOH AT 7 —IERE T, LAE7R CRC AYIEIT L :

1) we understand the characteristics and evaluation criteria of CRCs’ clarity through a systematic
literature review, a preliminary review with industrial professionals, and an online questionnaire survey

with practitioners;
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2) we examine the clarity of CRCs in open-source projects by conducting a manual investigation on

cammanlad datacnta.



2. AT S R EEE SR T N DA, KA I TIRIUH th CRC AYIHITE ;
3) we seek to automatically evaluate the clarity of CRCs by proposing an automated framework.
3. FATA B IR 1 B SMEHESLK B 3hiTAh CRC Y5 -

Particularly, we study the clarity of code review comments by answering three research questions:
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RQ1: What attributes are relevant to the clarity of CRC?
RQI: WRLLEYE S CRC M LA G ?

Based on the analysis on our literature review and 103 survey responses from practitioners, we derive our
RIE attributes for the clarity of CRCs (i.e., Relevance, Informativeness, and Expression) and their
corresponding evaluation criteria.
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More than 75% of the participants consider that these attributes are important to the clarity of CRCs.
I 75% 2 5E NN IX LR IR CRC AYTHIMT R E

RQ2: How is the clarity of code review comments in open-source projects?

RQ2: FHJFI H HH A AR B 2T PFVE i I L A i 2

We manually investigate the clarity of code review comments in open-source projects using the datasets

sampled from the work of Li et al. [33].
FATFAI A Li 55 A [33] B9 TARrP e Eda e, AT 7Tt H AR S & PP S ITH b

We find that 28.8% of the CRCs in our study datasets are insufficient in at least one of the three attributes
of CRCs’ clarity.

MK, EFATFTE RIS, 28.8% [ CRC £ CRC {ilf B HY =M@ kb 203 — T EA
JEo

Among these attributes, Informativeness has the most considerable insufficiency.
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RQ3: Can we automatically evaluate the clarity of code review comments?

RQ3: FATREAT H BN Al AL B 2 PRI AR I L2

We propose ClearCRC, an automated framework for the evaluation of CRCs’ clarity based on the RIE

attributes.

A5 T ClearCRC, jXj2— 3T RIE JEITAh CRC 1M H s EHEDE.

We compare the results of ClearCRC with three sets of backbone models: 1) training deep learning and
machine learning models; 2) fine-tuning pre-trained language models; and 3) prompting large language
models (LLMs).

FATK: ClearCRC 5 RS =41B TRIUHAT TS 1) IR E I FINLaR 7 IR 2) G w2
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Our results show that ClearCRC is effective in evaluating each of the RIE attributes, with an average
balanced accuracy of 73.04% using pre-trained language models.

FMA LRI, ClearCRC fEITfili 1~ RIE JBIEJT R A RN, (IO ZRiE 5 AL A2~ Al
h 73.04%,

We summarize the contributions of this paper as follows:

AP A SR sk 250 h

* We derive RIE attributes and their corresponding evaluation criteria for the clarity of CRCs by analyzing
the results of our literature review and 103 survey responses from practitioners around the world.

o AT IS S0 A SCRRE R B9 25 SRR B T FLA MO 1 103 (&R, S T CRC I Y RIE
Jr M N EC A L F DA o o

* We find that a large portion of the CRCs in open source projects actually lack of sufficient clarity.

o FANTRBITFIRITH FPARK—HB5 CRC SEhr_ BB 0% BT L o

We also publicly share our manually labelled data in the replication package [1] for future studies.

FABEAEE I [1] PRI F T HANIATHRCR RS, LMEARRBI T -

* We propose ClearCRC, an automated framework for the evaluation of CRCs’ clarity using various
backbone models such as machine learning, deep learning, pre-trained language models, and large

language models.
« AR T ClearCRC, X2 —MHIHMLE > R TSR S BRI, 5 B & Fhg
TRl CRC I B S EHESE

ClearCRC achieves promising results in our evaluation, especially using pre-trained language models.

ClearCRC FEIANTRY PG RIS 7RISR SR, JCHOR A0 250 5 R .

Overall, the findings of our studies may be used as actionable guidelines for evaluating and writing clear

CRC:s, as well as for curating high-quality data to improve the automated generation techniques of CRCs.
BRI, FATHIBEFEEE R AT R EPPAG TNZ% S5 15T CRC B RTRIERE R, LA T3 i i &5t ARGt
CRC [ H B RS

Paper Organization.

WICHALE

Section 2 summarizes the related work.

2 TR TR AR,

Section 3 presents the methodology of our study.

53 TG T AT T %

Section 4 discusses the results of our research questions.
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Section 5 discusses the implications of our study.
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Section 6 discusses the threats to validity.

55 6 TIE 1T RERE Y R -

Section 7 concludes the paper.
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2 Related Work
2 fHRTAE

In this section, we summarize the related work in two aspects: studying the quality of code review

comments and automated generation of code review comments.

FEATH, FATAPA T RS S TR rs AR B e i i AU 2 IFE 1 B 34 .

2.1 Quality of Code Review Comments.
2.1 RS HEEIFBH R E .

Kerzazi et al. [7] found that sentiment conveyed within comments can significantly impact the outcome of

the review process.

Kerzazi 5\ [7] K3, PRAEHREHIE RS B 0 i B A i RE Y 4

Kononenko et al. [29] suggested that the review quality is mainly associated with the thoroughness of the
feedback, the reviewer’s familiarity with the code, and the perceived quality of the code itself.

Kononenko %5 A [29] @i, WAL F 2 SBIBIRTE B xS A RS RE B LA A A B ot
R K

Rahman et al. [47] presented a comparative analysis of useful versus non-useful review comments,
distinguishing them through their textual attributes and the reviewers’ expertise.

Rahman 55 A\ [47] XA HSTC RN B ETFE T 7 HCBOM T, T8 HSCR RPN R A2 1 Lol KRk X
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Comments were classified as useful or non-useful depending on their capacity to instigate changes.

FEIB RIS | % A TR AT M) S0 P TE

Chouchen et al. [16] synthesized negative examples of code reviews that degraded software quality,
categorizing erroneous practices into five patterns: Confused reviewers, Divergent reviewers, Low review
participation, Shallow review, and Toxic review.

Chouchen 55\ [16] £56 1 B Dbt S i AP FR AR 4], R AR IRBOL R TS IRy s A
Hy DPEREEE. MEESHE. KEFENAEHE.

Ram et al. [48] focused on the issue of code change reviewability, which is closely related to the quality of

reviews.

Ram 55 A [48] SR TEACRDAL BRI B AL fh A, X5 B o I G

Ebert et al. [19, 20] identified confusion as a significant detriment to the quality of code reviews and offered

recommendations for addressing issues of confusion.

Ebert 55 A\ [19, 201 R [ A9 A B i BRI, FFER 17 M DR DR R T 238



Bosu et al. [11] emphasized that the usefulness of code review lies in its ability to assist developers in
avoiding defects, adhering to team conventions, and resolving issues efficiently and reasonably.

Bosu S5 A [11] 53, AR B A A HIEAE T ERES A B TR N DUBE R BREE . T8~y A AR AR H A
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Ferreira et al. [23] highlighted the prevalence of uncivil behavior during the code review process, noting

that discourteous comments can hinder project communication and discussion, ultimately slowing down

development progress.

Ferreira 55 A\ [23] 583 7 ARG H A AR AR SCHAT I m I, 48 HAALER I 2 BHAS I H YA A1
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Pascarella et al. [45] examined the essential information required by reviewers in code reviews, including

the suitability of an alternative solution, correct understanding, rationale, code context, etc.
Pascarella 55 A [45] #o 8 |GG H A i & r iR IV EEAG B, AR A0T ZIEMYE. IEREEAE . B
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Yang et al. [62] introduced four attributes for evaluating the quality of CRC: questions, suggestions,

evaluations, and emotion, advocating for an assessment of the quality.

Yang 55 A [62] S 24 1Al CRC Jirht i VYA R AR i PSRN RN, JEskxd e e TPl o

Prior studies provide insights on the quality of CRCs from different perspectives.

JERTHIDTTE MR A BERR L 1 55T CRC it Y DL -

These studies generally emphasize the importance of “clear” CRCs.

TXLERF G il 53R 1 E M CRC [ B 24

However, the understanding and characterizing on what are “clear” CRCs are still limited.

SRT, X2 2T CRC HIERMERIRALT A A IR

Therefore, in this paper, we conduct a comprehensive study to uncover and demystify what are the

characteristics of a “clear” CRC.

R, AT, FATEAT T IERE 0T, DB AR B3 CRC FURHEZAT 4.

2.2 Automated Generation of Code Review Comments.

2.2 RIS HETFLH B 31K

The automated generation of code review comments has been widely studied in recent years [34, 40, 53, 58],
aiming to streamline this critical yet often labor-intensive activity in the software engineering life cycle.
ULEER, ARHEIFEH) H S MATE] 17205 [34, 40, 53, 58], EAERCHE TR a3 i
SRR S B SRR 1 5] .

Efforts in this domain can be categorized into three main types of approaches: traditional rule-based

methods, deep learning techniques, and Large Language Models (LLMs) based techniques.

A ES Al AN =R T RS ET IR s TR S I BORMIRE T R 5 A
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Early automation efforts in code review were aimed at identifying code violations and defects utilizing

traditional rule-based static analysis tools [8].

FLIRACRS B2 B 3L TAF B AR AL SE S TR A s ot TR SRR U BREE 8]

While providing a base for automation, they lacked the flexibility to adapt to the nuanced and evolving

nature of software development practices.

BIRN E SR AL TR, (RSB BRI K SR AR B AN g A o ) R 1

The emergence of deep learning has significantly enhanced the capability to automate code reviews,

offering a nuanced understanding and interpretation of code changes.

WA R B S 1558 T S B ERIREST, $ROL 1 X O A BT A0 S AR AR

Techniques leveraging LSTM [26], and Transformers [34, 57] have been pivotal in predicting review
necessities and generating context-specific feedback.

I LSTM [26] F{l Transformer [34, 57] AYBAAE TN B A0 BAE AN A e E TR SCRY St & 3% T
KHEVE o

Li et al. [34] proposed a pre-trained model based on the Text-To-Text-Transfer Transformer (T5) model
[46], specifically tailored for the code review process across three different code review tasks including the
generation of CRCs.

Li 5N [34] $R 1 17— FEET ORI SOR G s Heas (TS) #528 [46] Y FI SRR, L5 xHE14% CRC
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LLaMA-Reviewer [40] utilized the LLaMA model and parameter-efficient fine-tuning to automate code
review comments generation, achieving performance on par with existing code-review-focused models

using fewer resources.

LLaMA-Reviewer [40] FI| /f] LLaMA B FIZEm 28U ok B s AR Hi s e Ao, i A A o sk
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Prior studies commonly incorporated the CRCs data directly, without a curation or quality selection

process.

JERTRYTFEIE T BN CRC Bl PO TR i i e 2

Given this scenario, existing CRCs generation techniques might inadvertently learn from CRCs data
lacking clarity, resulting in perplexing outcomes.

ETXREIL, AR CRC A AR ] REZ TR MR =ZIH BT CRC a2t~ S E0e AN REY
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Our study can complement the research of automated CRCs generation to curate the training data, and

further improve the quality of the generated CRCs.
FMIBIBIFS R LAASE B 3 CRC AR TS, LABSERIZREE , FFat—BH sy CRC AT

3 Methodology
3TTER

Figure 2 presents an overview of our study.
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To address the three research questions proposed in the Introduction, we conduct a comprehensive study

that involves three phases.

N TG E TR A = AR FE A, BB T — 0 L = A BEZR S 5T

Phase 1: We first derive an initial list of attributes and evaluation criteria concerning the clarity of CRCs
through literature review and a preliminary review with industrial professionals

BB FAATESCEE SORESIAT S T W AR, 15— KT CRC MR IEAPE
R HERHI T HL

We then survey with practitioners for their perspectives to refine the attributes and evaluation criteria.

SRIE S BATHEM A AT, LA @RI PR bR e o

Phase 2: We manually investigate the clarity of CRCs in open-source projects using the clarity attributes

and evaluation criteria derived in the prior phase.

BB BT RT—Fr BUT AT LR AP bR, FEh A TR H H CRC AT .

Phase 3: We propose ClearCRC, an automated framework that seeks to evaluate the clarity of CRCs based

on the attributes derived from our literature review and practitioners’ feedback.
SF=FrBr: M52 ClearCRC, &1 HBIMIEZR, BRI IMSCERETER Mok & R st iy
JEIEATE AL CRC [T

3.1 Characterizing the Clarity of CRCs
3.1 FAE CRC K FEMTE

We characterize the attributes related to the clarity of CRCs by combining 1) a systematic literature review
followed by a preliminary review with industrial professionals, and 2) the analysis of our online survey
with practitioners.

WAPELLEE 1) RGN SCIRERE LU BE R AT AR, F12) APl L2 iy o4
RFRAEY CRC THMT LA AR

3.1.1 Literature Review. We analyze existing studies on the quality of CRCs and derive an initial set of
attributes related to the clarity of CRCs.
311 3CHkGRE . ATt 7T CRC Brig EA 0SS, H5H 7415 CRC MRS I

Literature Collection. We first gather the papers related to code review by utilizing the list of papers

provided by prior literature reviews [17, 60].

SCHRCERE o BT BRI HSERTHYSCRRERIA (17, 60] $RHERYIRSCIIEE, AR S AR AYIR DL,

These two literature reviews summarized 139 and 112 prior works on code review published from 2005 to
2019 and 2011 to 2019, respectively.

XA SCHREZRIA 3 S 2 1 2005 4F-22 2019 4FA11 2011 4F 55 2019 & 58 139 T 112 ik TR HE
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We then follow the strategy of paper collection in these literature reviews to collect papers published after
2019 and collect 70 papers in this process.

SRR AR LE SCRREF A BE SOICER SRS, YO8k 2019 FE 2 K3 AYIR S, FRAEM AR s 1
70 FEB L.



Data Analysis. We first read the titles and abstracts of all the collected papers and filter papers that are not
related to the studies on CRCs.
Hm oA FATE S b ARSI IR SCIPR AR 22, Hid 38455 CRC #F5ETER YIRS o

The topics of such filtered papers include studying the code change, authors, reviewers, pull requests, and

commit messages.

L e SO E BT R A . (5. . fBOERIRRER .

After this process, we have a list of 47 papers that are related to CRCs for further analysis.
gidix ke, BT e 47 FS CRC HHRANESIF, LAMtdE—L 47,

Two authors of this paper then independently read these papers and generate an initial set of codes related

to the attribute of CRCs’ clarity.
SR WL B A7 R SR 218 50, FEAD 4 CRC I LR A AH 5 A0 AR AR o

The authors then perform open card sorting [S4] on the generated codes to analyze the codes and sort the
generated codes into potential themes that indicate the attributes related to the clarity of CRCs.

NG, VEER A BRI T IR Fr 2026 (541, DA AR 1 AR 1 A AR 20 N TR A, X4
FiE7R 15 CRC &M AR SR AR E o

Particularly, author 1 generates six initial codes: Confused Reviews, Toxic Reviews, Relevant Reviews,
Readable Reviews, Shallow Reviews, and Informative Reviews.

AR S, VEE VAT A AAM: N s, Aaida. HERHHE. RnHd. WEN
HEANE R E N HE.

Author 2 generates five initial codes: Readability, Sentiment, Relevance, Information, and Toxicity.

VEE 2 B30T AR TietEs R AR, R R,

The two authors then engage in thorough discussions to refine the attribute set.

e, PIRLVEEET TIRATHE, DU mis.

Both authors collaboratively re-evaluate the attributes and reconcile differences by focusing on semantic

consistency and conceptual clarity.

BIRLIFE MBI S SO TIY, LR TRV A R I U2 50

Throughout this process, attributes that exhibit overlap or ambiguity are merged or redefined.

FEREA AR, SR BB B SR SRR S I B E L.

For example, Readability and Toxicity are merged into Expression, and the meaning of Shallow Reviews
can be represented by Informativeness.

fln, SRR S NS, RN ERE AT LU G B RN

Eventually, we derive three attributes that are related to the clarity of CRCs, including Relevance,

Informativeness, and Expression.

w2, FAWFH T =5 CRC JEMIERRAYRIE, BAEHRNE. [FEMEmERE.

The authors then discuss and generate an initial definition for each attribute.

SRIE, AFETHEF N R IR IEA R IA E 3o



Preliminary Review. To preliminarily verify the attributes derived from our literature review, we conduct a

group interview with 11 industrial practitioners to obtain their feedback.
WA O T BRI R AT SCREEA P R R, BT 11 ATl Molk B BET T /N TR LRI
AT 5

The participants are full-time engineers at Company X, which is a world-leading IT company.
2 5% 2 X Qa2 TR, ZAalE K RGN IT 2 F.

All of the participants have at least three years of experience in code review and software development.

i 2 5& 50 20 = IR BB AT R 25 -

The duration of this group interview is around 1 hour.
R INHYTREIIS 2900 1 /N

We follow a three-step process to conduct the group interview:

FANBENE =PRI T/ NV

1) We ask the participants to freely talk about their expectations on the clarity of CRCs without the

knowledge of our derived attributes;

L RATESRZ HEAA TERAMES LR T, B iiRIis b CRC 1EM AT 2 ;
2) We present our derived attributes to the participants;

2. M2 HFE R A LR

3) We discuss with the participants for whether the attributes can reflect their expectations on the clarity of
CRCs.

3. BNIEZHE e LR 217 RES At T T3 CRC M LA 2 .

Eventually, we find that most of the points initially proposed by the participants can be reflected by our

derived attributes.

2, FAVEIS 538 BANER I HS SV AT AE I B A THE-S: A SR Ak S et oK

The remaining non-reflected points are related to the process of code review rather than the code review

comments, including deciding proper reviewers and prompt response time.
HARR MBI RS AR HERERA R, A SREHEEITIEAR, WiERESERN S-S MM
FRT ] S5 B [ o

At the end, the participants are thanked and briefly informed about the next plans.
e, WAV 7254, FHFRZEEA T TR,

The participants also provide suggestions regarding the design of surveys.

ZHHEER AR BT T

We take their suggestions into consideration while designing our survey in the next step.

FAMEB N — I MARS, 25 5& TR,



3.1.2 Questionnaire Survey with Practitioners.

3.1.2 Pl EEEE .

We conduct an online questionnaire survey with practitioners for their perspectives on the clarity of CRCs
and further refine the attributes and derive the evaluation criteria.

FATR MOl BT FELRINE A, DL T RA T CRC BRI AL, it — P58 B e LIy
1o

Survey Design.

WHEBRT

The questions in our survey are divided into three parts:

FA TR A IR 7 = AR5

P1 We ask the participants for their basic information (e.g., country or region of residence, primary job
role, and years of experience in the primary job role) and if they have experience in code review.

PL BATHNZSENERGE (B0, FEEEZEHX . ERTAERS LU EZ TARRSTH Mok
B, DLt e A s,

P2 For each attribute of the clarity, we ask the participants for “To what extent do you think that the
aspect of '"{attribute}" is important to the clarity of code review comments?” where {attribute} is replaced
with a specific one.

P2 ST RE A MR, AT S A b {attribute} ™33 77 R A 2R S G 50 B 2 T
22 7, i {attribute} BN BAARY R

The participants then choose from “Very important”, “Important”, “Neutral”, “Unimportant”, and “Very

unimportant”.

W, ZHENARFEE “EE, “tharr. OREEONIER N E B TR

If “Very important” or “important” is chosen, we further ask the participants for the details of how they
will evaluate the corresponding attribute (e.g., what factors and detailed information they may focus on).
AR AR E R R, JA IS AN S HE IR R R AR (B, AT RE
TEMRLE R RATENE ) o

We will derive the evaluation criteria based on their comments.

A PEARIEABA T PRI 1T DA bR vt

If other options are chosen, we ask the participant for the potential reasons.

USRI AT, AT RIS S E BRI

At the end of this part, we further ask the participant for “Do you have some ideas about other important
aspects that contribute to the clarity of code review comments?”.

X e, BATE—BNS S5E R A NN IE A HAE 27 A B T ARG oA 308 1 35 i
}E? 550



P3 We ask the participants for questions on automated code review comment generation, such as their
experience in using such tools, and their perspectives on the clarity of the generated CRCs.

P3 FA A2 5F WA K B SR B BTSRRI, Fan 16k TR AR, ORI
JJ ) CRC M JEE () 7 1% o

Survey Implementation.

PAEL.

We implement the survey following the design discussed above using Microsoft Forms [4].

F A48 F Microsoft Forms [4] 4% B8 _F iR 3t ST 7 0 2

We conduct a pilot survey with three practitioners to collect their feedback on the design of our survey.

FNTRE =0 Molb AT T — A, DAUSCERA A TR S T 2 A S dt o

All the practitioners in the pilot survey have experience in writing and reviewing CRCs.

R TR A MOl B AT S I CRC B84 .

The pilot participants provide suggestions regarding the clarification of instructions and the consistency of

some terms.

RS HE I I E R — AR TR — BUE R 7L

We make modifications according to their feedback and have a final version of the survey, which is an

anonymous questionnaire and can be accessed using the link provided in our email sent to the participants.
FNTRIARA IR S5 T T, 158 7 B MARHE RS, K& TEARE, ATk
525 R B IR AL R R ] .

A sample of the complete survey is available in our replication package [1].

SERARERATERIRE S (1] hkz).

Participants.

25%.

To invite participants from diverse backgrounds, we reach out to industrial and academic professionals
residing in various countries or regions, across five continents around the world.

N T BERAARE RS 5, TR T REA RTINS E R 8 XA AL A
j{: o

Eventually, we receive 112 responses in total.

%, FAISIE T 12 /R,

We then filter 9 responses of which indicate as having no experience in code review, resulting in 103

remaining responses for further analysis.

SRJE, ATIEIERE O (yRIARMEHELIH R, FF 103 4B E T #2504

» Demographics.
» NO%its

Table 1 shows the statistical information of the participants.

* 1R T 2HENSIHEE.



The participants reside in 37 countries or regions across five continents, including 49 participants in
Europe, 22 participants in Asia, 24 participants in North America, 4 participants in South America, and 4
participants in Oceania.

S HEREATRNE 37 MEZEHX, HREY 49 A, S22 A, JEE 24 A, FEM4 A, K
PEM 4 N

A majority of the participants have an occupation of industrial/freelance professional (76.7%) and primary

job role as development (81.6%).
KReBzHERE Tl E B WAL (76.7%) , FETAFRSTZITE (81.6%) -

A large percentage of the participants (68.9%) have at least five years of experience in their primary job

role.

WK—H25E (68.9%) fELHTAERA LA 2 P HFNAER.

In short, our survey participants reside in various countries or regions all over the world, and most of them
are industrial or freelance professionals with more than 5 years of experience in software development.
M2, FONHESSEREE RS ST ER X, KPR 2802 A 5 F8ETk
24 iy Tolkal B il A+

Data Analysis.
BRI

The data we obtain from the survey consists of option data from multiple-choice questions and natural

language response data from open-ended questions.

FAMTI A R A2 BLAE oK H 2 TG R s B Aok F T R Rl B 243 = B2

(1) For the questions of multiple choices, we compute the percentage of each option, e.g., the percentage of
survey participants who think "Relevance' is ""Very Important" to the clarity of CRCs shown in Fig. 3.
(D) XNTF 200k EsE, FRATTEA MRS A2, B, Wil 3 fos, YO MR CRC TRk
WERERENHES SEH 2.

(2) For the open questions (e.g., details for evaluating the attributes), we generate codes from the answers
and perform open card sorting [54] to analyze the thematic similarity.

Q) XTI (B, PPAERIERAT) , OGP, FHHATHRER R52E [54] LA
G3AT E R o

Specifically, to derive the evaluation criteria for each attribute, we first extract and record criteria of all
the responses, and then sort and categorize them into concise and explicit descriptions like ""Proper syntax
and grammar"'.

Bk, O THES A EIERPPE bR, BATESSIRBOHE R A B R, SRR e n A
ONTRITE W T ROTE, I IR TRIE NI SGE

For example, a response from one survey participant for Informativeness said “Explain why, with specific
reference to the change.” will finally lead to two criteria including “I.E2: Provide reasons or context

information” and “I.02: Provide reference information” (See Section 4).

Bin, — OS2 HEXE R RS R RER A, I BAS R PR 5 H MR,



FECLE2: RNy =GR HL02: #USHFEE” (WF 477 .

When a consensus on these criteria for each attribute is reached, we first filter evaluation criteria
mentioned fewer than five times (i.e., 1-4 times), and then select evaluation criteria which are mentioned
15+ times as essential evaluation criteria and the remaining ones as optional evaluation criteria.
YRR X SRR R ARE , FATE BB F Sk BT 5 v (B 1-4 30 B9PPAlbRifE, 24
JRIEFER KRB 15 IR AL R PSR ELE O AT ARIE, HARHIVE D AT E Al R e

We take them as references for manual investigation.

HATHENWEN N THENZF

Detailed results will be presented in Section 4 (RQ1).
PSSR 4 17 (RQL) FREEE,

3.2 Investigating the Clarity of CRCs in Open-Source Projects
3.2 WETFIRIE o CRC KH

In this phase, we manually investigate the clarity of CRCs in open-source projects using the attributes and

evaluation criteria of clarity derived in the prior phase.

FEIX—HrBE, FAIEE A BT B BAS AR LR e PRl inafe , F2hiA &R H v CRC TR .

3.2.1 Data Preparation.
3.2.1 BEWER .

We use the benchmark dataset proposed by Li et al. [33] to conduct manual investigation.

FAMIEEA Li A [33] 32 th A3 m S gt AT N T

The dataset contains pairs of diff hunk and CRC written in nine programming languages.

AR AL S AU 4 TH S A5 1Y diff hunk (FURS 2257 B M1 CRC XY,

Specifically, we randomly sample a set of data from its validation dataset for each programming language.

B, BATNEEF RS 5 A5 IR S b BE LA — A% -

We do not sample from its training dataset because the data in different programming language is

combined together and can not be distinguished.

FANTAMHIN G HA P e, RAR SRR S NEdRSRaE 21, TTEXD.

For each programming language, we randomly sample a set of data based on 95% confidence level and 5%

confidence interval [10].

T MG, AT 95% BYEF/KFA 5% 1Y EBAE DX R BRI — 418 [10].

Table 2 presents the details of our sampled datasets.

R 2R T BA TR SRR TR S

In total, we randomly sample 2,438 pairs of diff hunk and CRC.
AV ALRELAHEL T 2,438 % diff hunk f] CRC.

The sample size of each programming language varies from 216 for C to 339 for Golang.
FRgIEE S IREA R CHEE 1Y 216 13 Golang [ 339 AR



3.2.2 Manual Investigation.

3.22 A TiE%E.

Two authors of this paper first carefully read the attributes and evaluation criteria derived in the previous
phase, and discuss until the two authors have a clear and consistent understanding on the details.

ARSI EB T et 40032 7 R — B BAS R MEAPEASG IR vEE, FFE T IHE, BRI XA
TR — Z A B o

For each sampled data, the two authors then independently examine the CRC and its corresponding code
change to label if it meets the evaluation criteria for each attribute.

XF TR NMIREEEE, WALVEE RS S i A CRC R HAHW ARG ASRE, DIbRICH 2 G/ & B BT
il hRHE o

When the process of labelling is completed, the two authors compare their results and discuss each

disagreement until reaching a consensus.

SRICE RS, PR LR AT 25 R e B — 1, BRI,

We have a Cohen’s Kappa [41] value of 0.87 in this process, which indicates a substantial agreement.

FElbERE, FATAY Cohen’s Kappa [41] {524 0.87, iXZEHIH AR S —Hft.

We will discuss the results of our manual investigate in Section 4 (RQ?2).

FATRAEES 4 719 (RQ2) FIFBBEATN TR ZS

3.3 ClearCRC: Automatically Evaluating the Clarity of CRCs
3.3 ClearCRC: B3hitfl CRC KEMWE

In this phase, we propose ClearCRC, an automated framework that aims at the evaluation of the clarity of
CRC:s, based on the RIE attributes derived from our literature review and practitioners’ feedback.
FERX—Fr B, FAHEH T ClearCRC, X2 HIMUMERE, BAERET RN SCERESHATI MO [ 5 h1E
Hi RIE J&PEAR AL CRC THITEE o

We adopt different sets of backbone models in our framework to empirically study their effectiveness in

automatically evaluating the clarity of CRCs.
HAATEMES AR T ARAN B T, DASSERF 14 B shiffh CRC /0 75 T8 19 A 20 -

3.3.1 Models. We use three sets of backbone models, including deep learning and machine learning models,
pre-trained language models (e.g., CodeBERT [22] and CodeReviewer [33]), and large language models
(e.g., Llama [56] and CodeL.lama [50]).

3318 FAVE T =48 TR, ARETREE TN I AU ZRs s Ao (Bian
CodeBERT [22] f{I CodeReviewer [33]) AN KHIE S A (#]41 Llama [56] f1 CodeLlama [50]) o

Model Set 1: Deep Learning and Machine Learning Models. Prior studies on classifying good commit
messages [S5] and log messages [31] indicate that Bi-LSTM and Random Forest are effective in such
classifications.

PRI 1 PRI AL o2 IR SRR T 28 RAFIR AR B [55] M HAE(E R [31] b5k, Bi-
LSTM FIFEAUARMAE ML S 70 R AT 20U -



Following these studies, we use Bi-LSTM [52] and Random Forest [12] as the deep learning and machine
learning based backbones to perform the evaluation of CRCs’ clarity.

X LR 5T, P Bi-LSTM [52] FIREHLARMK [12] 1 NETIREE 2 I ALER 2 T B E T4, Rk
1 CRC 5 LAY Al o

Model Set 2: Pre-trained Language Models. For pre-trained language models, we use CodeBERT [22] and
CodeReviewer [34] as our subject techniques.

PRIZH 20 P ZRE S R XTI ZR SR, A CodeBERT [22] A1 CodeReviewer [34] {24
AT HFREA

CodeBERT is a bimodal pre-trained language model for programming languages and natural languages
with the same model architecture as RoOBERTa-base [38].

CodeBERT ;& — it [l T2 15 5 A1 H 2816 = OSUBSTO)I 2505 5 6, HA 5 RoBERTa-base [38] HH[H 1
o BiREES AR

It has been widely used by prior studies for classification tasks and presents a promising balance between

performance and cost of computing resources [59, 66, 67].

C OISR 2T RES, FHAEMERERTH RS AR Z [ B T RAF P4 [59, 66, 67].

CodeReviewer is a pre-trained model specialized for the automation of code review activities.

CodeReviewer & F % [T T B S AR B & T SR TN SRl o

They proposed pre-training tasks designed for code review like code diff denoising, and then pre-trained
the CodeTS5 [61] model on a large-scale code review dataset.

15 AR AR TIGME S, WS ZE e, SRS AE MRS B A B B LI 1
CodeT5 [61] iR,

CodeReviewer shows competitive performance on code review tasks such as code refinement.

CodeReviewer FEARD S AURS BI AL 55 _ERBUH HA 5o I TERE

Model Set 3: Large Language Models. LLMs have demonstrated promising results in various software
engineering tasks [13, 15, 37], which brings opportunities and challenges for using LLMs as evaluators [14,
36].

PRIZE 3. KTUTE SR . LLM R MfE TRAE S gon 7 Al SRR [13, 15, 37], 1X M4 LLM {1
MVEREEE R T NS [14, 36].

For LLM baselines, we use Llama3-70B-Instruct [S6] and CodeLlama-34B-Instruct [S0].
VE LLM H:4k, Ffi 1{#i ] Llama3-70B-Instruct [56] #1 CodeLlama-34B-Instruct [50].

We choose them since Llama series models show great performance among different LLMs [50, 56], and

they are very popular in research related to code review [40, 64, 68].
P EATZIN N Llama RFIBIIAEAR LLM FrgeBl i 4 [50, 56], FH B E S5 AUA B A AH 5 A
%EF[EIF‘AI%L’%XKTLH [405 649 68]0

Additionally, we also attempt to include a code-review-specialized LLM named LLaMA-Reviewer [40].
Hoh, BATEZ & — 4440 LLaMA-Reviewer [40] (U457 E % H] LLM.



However, since LLaMA-Reviewer is tailored to specific downstream tasks and does not generalize well to
our setting (i.e., it tends to generate invalid outputs when prompted), we finally decide to exclude it.

SR, A1 LLaMA-Reviewer 251X E M IFAESS EHINY, AREIRIF LB AT B E S (RIfERRR
IAEES ARG ), AR R E R AR

3.3.2 Data. Here we introduce the datasets we use as well as their augmentation and pre-processing.

3.3.2 %o IXEIAI - AHBA I A RS 5 S s A AL R

Datasets and Augmentation. We utilize the manually labelled datasets in the prior phase to conduct the
study, which consists of 2,438 pairs of code change and CRC in total.

Bt R FATR AT B TR ISR BRI T 7T, 2B S a0 2,438 XML A
CRC,

We randomly split the datasets into 80% training, 10% validation, and 10% testing.
FAN TR 80% YIZRER. 10% FeiESEAn 10% ML,

As shown in Table 4, the distribution of negative and positive instances is imbalanced in the dataset.

W 4 o, SRS PSUBIRIE GRS AT A AT o

To mitigate such impact, for each experiment, we perform up-sampling on the corresponding attribute.

N T EEXFE, TR, BATS M AR IERAT R

Specifically, we randomly repeat the negative instances of the experimented attribute in the training

dataset to have the same amount as the positive instances.

Bk, FATEN GBS R E S S m vk fap, i E0E S I .

Note that we only augment data in the training set and ensure the testing set is consistent for all backbone

models.

R, WAICUEEINGEPRESE, HtR A& TR RN 3.

Processing. We analyze the raw input data including pairs of code change and CRC, process and combine
the data with code change and CRC to feed into the model.

QLT FATVIAT ELAT AR AR BE AT CRC RIAE A Y S e A KSis , AL FEIH-45 & ARS8 BT CRC %dhs LA A
.

We remove the lines of code that are unrelated to the code changes (e.g., the surrounding code of code
changes).

FAIMER T 5 AR E TR AT (BN, FCRDAE A EIRAHE) -

For models in set 1&2, we replace the “-” and “+” mark at the start of each line with “[DELETE]” and
“|ADD]” in the code change, respectively.

T 1R 2 vhAg s, 3RATT50 R AR AR B A A TSk - A+ bR 10 4 “[DELETE] 1
64[ADD]770

We then concatenate the CRC and the processed code change together, and attach a “[SEP]” token
between them.

SRR BAIHG CRC AL HE I AL B ke, FFAEENZ RIS An— 1~ “[SEP]"#RiC.



For large language models in set 3, We embed the information of code change and CRC into the prompt
and inference the models to obtain the results returned by the models and further evaluate the clarity of

each attribute.
X2 3 g KBRS AT, FRATEBARS AR BT CRC 195 B AL R R, Ff4E AR DISRAS AR 3R [A]
IEEER, TS — 25 B S T I

For the prompt of using LL.Ms, we follow Prompt Engineering Guide to design the prompts [6].
XA LLM (U8R, RATEE RN TREE R R BT 57 [6].

As shown in Figure 5, we first provide an instruction of the task, the attributes, and evaluation criteria.

WK S Frw, BATESIRIUES JRIERIEA AR IERT 15 o

We then inform the models of how to use the evaluation criteria (i.e., meet all of the essential ones and at
least one of the optional ones) and the expected template of output.

SNJE AT RN (e (s P PPAS IR v CRIH QL P A AR HER 22/ — DRI bR ) AR A0 Ay i A
o

Finally, we attach the actual data (i.e., diff hunk and CRC) and have the model start its evaluation.
fJa, A ESEhREdE (R diff hunk 71 CRC) FFLEAAYITIGPFAL o

3.3.3 Evaluation. We introduce the evaluation details in our empirical study.

3.3.3 Pl o FRATESHIERF 5 28 PEAl 401

Metrics. We use four metrics to evaluate the results of ClearCRC and the baselines: 1) balanced accuracy,
2) precision, 3) recall, and 4) F-1 score.

fabro ALY R PPAL ClearCRC FIFELZRINEE R : 1) ~PHIERR, 2) K, 3) HlPK, 4)
F-1 730 %0

Balanced accuracy is computed based on the average of true positive rate and true negative rate.

PR R T B MR R E PR A AT R

A higher balanced accuracy indicates a better capability in identifying both positive and negative instances.

58 e 1) P YRR R SR AR SR TE RN 51 5 T B S Y RE

The balanced accuracy of random guess in binary classification is close to 50.0% [32].

o RIS AR R T 50.0% [32].

It is widely used by prior work to evaluate the performance of binary classification, especially on
imbalanced data [32, 69].

ERGTHTI TAE TP R TERE, JUHR A PR | (32, 69].

For the calculation of precision, recall, and F-1 score which focus on the classification performance of
positive instances, we consider CRCs that meet the evaluation criteria as positive instances, and otherwise
as negative instances.

T E T IEGIEIERERR R A [BIRN] F-1 0509, JROPERF S PR bRER CRC HL IER
MR 1457 o



K-Fold Cross Validation. We utilize 5-fold cross validation to mitigate the impact of randomness, where 5 is

a commonly used K value in prior studies involving k-fold cross validation [24, 28, 43].
K A28 e FATFI S I8 IR AR BEALIE RS2 IR, ot S @80 M K 3 3 AR IER e R 58
A K 1H [24, 28, 43],

We randomly split the dataset into five subsets.

AT RV N A T8

The validation has five rounds in total.

?’J -L[EIL) /\ﬁﬁi/\ o

For each round of validation, we use one subset (i.e., 20%) for validation and testing (i.e., half for

validation and half for testing), and the remaining four subsets (i.e., 80%) for training.
T ARRAE, AR — 558 (R 20%) PEATEIEARIL (RI—F AT, —EHTL0
HuWUATEE (B180%) T lZk.

We ensure that the dataset for each fold is identical for all models to perform a fair comparison.

HATHOREE DT BRI EIREEXT A R E R, LAUEEAT AP HR.

3.3.4 Implementation Details.
3.3.4 LR

(1) For models in set 1, we use PyTorch [2] to implement Bi-LSTM and use Scikit-learn [3] to implement

Random Forests, respectively.
(D) XFFE 1 ARy, A1 1 PyTorch [2] 5220 Bi-LSTM, (i ] Scikit-learn [3] SEHLFHHLARM

We follow prior studies [31, 55] to set the hyperparameters of the networks and the training processes.

FATEGERTRIDIST [31, 551 KBLE M HGESEA I Gt 7

(2) For pre-trained models in set 2, we access the models through the official checkpoints released on
HuggingFace [5].
(2) XFTFAL 2 PRI AN, Bl TiEid HuggingFace [S] E&AT B9 E T H 2 VT AR

As to hyperparameters like batch size and learning rate, we tune them according to the official replication

package and the volume of our datasets.

RTRER/IIA R EE A, FANRIEE 7 S MBS A AR TR

During the training stage, we set the number of training epochs to 10 and perform the strategy of early
stopping (n=3) on all models to limit the training consumption and save the best-performing model on the

validation dataset for further testing.
NGB, FANTRNZRACEGRE D 10, FEXSHrARRAT =R (0=3) , LARGIIIZEFEF AR
HEBHREE AR R IR AR B DA — 2

We adopt the AdamW [39] optimizer and linear scheduler.
AR AdamW [39] HIeAb e A2k b JE

(3) For large language models, we download their official checkpoints from HuggingFace.

) AT RIUTEF AL, AN HuggingFace " HH TG E o



We set the maximum number of generated tokens to 32 which is appropriate for the output format, and

keep the other parameters the same in the default configuration.

FATHIR AR A R E N 32, T2 a@EH, HRFAHMAS S BN EMR .

We publicly release the scripts, parameters, and datasets for further research [1].

MBI RATT HIA ZHAEA G AL 25 [1].

4 Results
4458

In this section, we discuss the results of our RQs.

FEATTH, A B A B IR 25

4.1 RQ1: Characterizing and Understanding the Clarity of CRCs
4.1 RQ1: FAEFIAF CRC FITEME

In this RQ, we discuss the results of our RIE attributes and evaluation criteria of CRCs’ clarity, derived

from our literature review and practitioners’ survey.

FEIXA RQ H1, FATPHEARAE SCERZEAR T MOl & A 75 H Y RIE JEHEHRT CRC M Al bRty 25

Table 3 shows an overview of the attributes and their evaluation criteria.

%3 B TR IR A

Below, for each attribute, we discuss its detailed evaluation criteria and our survey results.

N, W TEEEE, BATEH IR PR RA T s

4.1.1 Relevance. If the code review comment is relevant to the code change.

4.1.1 R M. REHEITLRESAEEEREX,

Evaluation Criteria. After data analysis of open questions in our survey, we derive one essential (i.e., R.E1)

and two optional (i.e., R.O1 and R.O2) evaluation criteria corresponding to the attribute of relevance.
PP AR e TS FA T PRGN EE R A, FAWGH T A (B RED) AU Iiarde (H
R.O1 MIR.02) (15 HERAME JEAMERT WA I il A o o

Figure 4 shows the frequency of evaluation criteria mentioned by our survey participants.

4 4 SR T RA VTS SRR

R.E1 Relevant to the code change. The CRC should be self-explanatory and relevant to the code change.
RE1 5K, CRC W42 A MR, B 5RIEEEH R,

It can be interpreted based on the current code change without a relying relevance to external information
(e.g., other CRCs).
AT AFET S F A A AR SR T AR, IMAMEIT S ANEME R (1A HAl CRC) AR

R.O1 Specify the relevant location. The CRC specifies the particular position of the code which has the

issues or concerns.

ROLfEEMRAE. CRCHE A M S B AL BR AL E .



R.02 Correctly understand the code change. The CRC explicitly shows that the reviewer correctly

understands the code change.

R.O2 IERFRAEACAS A B . CRC W Bon B & & IE AL 1 AR AR

Discussion. Figure 3 shows the percentage of each rate given by the survey participants regarding the

importance of each attribute.

PHB. [ 3 SR TS SR NI 55 43

Overall, most of the participants consider Relevance is important to the clarity of CRCs, including 67.0%
as very important and 23.3% as somewhat important.

BUATT S, REZEZ5E NIRRT CRC RUIEMTEERE R, Hr 67.0% YNAFREE, 23.3% I
B L

Below, we present the comments from our survey participants regarding their perspectives on the

evaluation criteria of each attribute.

N, MRS HESSERTMIDSEN BT R R L

We correspond such comments to the evaluation criteria discussed above, and the corresponding part is
highlighted in bold.

FNTREIXLE S _ERTHE PP SRIERRS R, AH AR IR B o

R.E1 “If the comment is made about the intent or the change itself, not the state of the code in general.”

REL SR AH N BERERAY, AR —BeRZ. ”

R.O1 “Comments that do not pertain to the change as a whole, should refer directly to the code elements

that should be modified in order for approval (e.g., variable name, line of code).”

R.O1 “W WA ALHRIEE, W EES TN T RGN MR AR (B, TR, R
) -

R.O2 “A relevant comment is one that is specific to the change and shows a deep understanding of the

code.”

R.O2 “MHR AL ZE AT E I ERITE, BN HIIBRTRZ .

4.1.2 Informativeness. If the code review comment provides sufficient information.

4.1.2 5 R, AHEFEEFLRERME T RISHER.

Evaluation Criteria. Similar to the process discussed in the evaluation criteria of Relevance, there are 2
essential and 2 optional evaluation criteria corresponding to the attribute of Informativeness.

PEAbRIE . SRR PR PRE e B RE 2R, A 2 DEAFI 2 Dk B PR bR b T B R
P,

I.E1 Clear intention. The CRC clearly specifies its intention (i.e., what is the further action needed) to

make sure the CRC is actionable.

LE1 EI&EMT . CRCIEREMILH] © HEE (AITERIUT 288—2173h) , LAk CRC HAF #EM:,



The intention can include: 1) raising a question and asking for an answer; 2) identifying a problem that
should be fixed; 3) providing suggestions that may be non-blocking and not urgent to take action.

HEA UG D) R RBUHFSRESR; 2) BB ERNFEEG 3) et rlREIRRH2E AT 2R 2RI
Iyl

I.E2 Provide reason or context information. Based on the intention, provide context in the CRC.
LE2 Rt el S m 2. MRPEEE, £ CRC LT RER.

For example, (1) questioning: specifying what is the point of the question (e.g., not just “Why?”); (2)
identifying issues: explaining what is the problem; (3) providing suggestions: the reason of such

suggestions.
Blgn, (1) 2 WU R ELZT 4 (B, MU N2 7)) 5 (2) Feiin: fRe R
Efta; (3) RftE: SR EAIE .

1.01 Provide suggestions for the next step. Try to provide suggestions for the next step if available.

LOL 4Rt~ — . WRATRE, JGHRAt N —2ayil.

1.02 Provide reference information. The CRC provides reference information that might be helpful to the

target developer; such information may include the link to reference documents, guidelines, code, etc.
LO2 $#t 2% (5 5. CRC f2MEFTREXT HArF A N A ARBINSHER,; WREERREFESHE . 15
B AU SR B

Discussion. As shown in Figure 3, over 85% of the participants consider that Informativeness is important
to the clarity of CRCs.
Wit. WK 3 s, it 85% Y2 5F NG EIEXS CRC [ iHMT LR B,

The remaining participants consider its importance as neutral or somewhat unimportant.

HRZH5E NN HEEM s R E 5

However, the participants do not leave comments regarding the potential reasons.

SR, ZHEBAE P RTHEERNE.

Below, we present the comments from our survey participants for their suggested evaluation criteria on

Informativeness.

T, BOVRRHES S E X T A TE BRSO R ER L .

Their comments are corresponded to the evaluation criteria discussed above and the related part is marked
in bold.

AT IS S _ERTHE R TR RN R, FHSE RS DURARRIC o

LLE1 “It should be immediately obvious after reading the comment what the commenter wants me to do,

why, and why their version is better than my version of the change.”
LE1 “B5e e Im B M IR B R ERMAT 4, T4, AN 2 A T A L 300 2 B A B
5o "

“One of the most important aspects to me is if the intent of the comment is clear.”

KPR R EL T 2R R E RGN .



I.LE2 “Including reason or context of why the code review comment is made.”

LE2 “fff 4 HACR AP VB B R = 7

“Whether the comment contains a reasoning for why the change is wrong and needs to be amended.”

R A RT A A X B AR E S ERE.

1.O1 “if the comment is rejecting a change, it should at least include a suggestion of an alternative

approach.”

LOT “WIEIFIRIEL R, A R RO

1.02 “Pointers and references to the materials and existing discussions in the wild are important.”

LO2 “fE MM BAIBA THERTRS IS F R E 2. ”

4.1.3 Expression. If the code review comment is readable, easy to understand, and friendly.

4.1.3 Fik. ABHETFEREEATEN. ZTEMEERE.

Evaluation Criteria. There are 2 essential and 2 optional evaluation criteria corresponding to the attribute
of Expression.

PRI . A 2 NN 2 AN RNERIT TR RS B TRk SR

E.E1 Concise and to-the-point. Describe the idea as precise and concise as possible to avoid vagueness,

ambiguity, and incoherence.

E.EL {0 1o AT RER BRI Ml t%, Lhsk e &l BRI EST

E.E2 Polite and objective. The CRC should express the idea in a polite manner, and focus on the code

rather than the person.

E.E2 #L3{% M. CRC MEMLIHT HEEERTE, FFRTEARIMAZ A .

E.O1 Readable format. The CRC is written in a human readable format.

E.O1 "33t . CRC AN A% A S -

E.O2 Proper syntax and grammar. The CRC is written in a correct syntax and grammar, without typos or

incomplete words.

E.O2 IEHRIAFEMNSGE. CRC LUEMIMATENDUERS , AP S HIR SN SR A B .

Discussion. As shown in Figure 3, 78.7% (i.e., 40.8% very important + 37.9% somewhat important) of the
survey participants acknowledge the importance of Expression to the CRC’s clarity.

BB, M 3 R, 78.7% (H 40.8% JEHTEE + 37.9% L) MiES 5 # RAFEIART CRC Wil
FEAE S

There are 12.6% of the participants consider its importance as neutral and 8.8% as unimportant.

1 12.6% M2 5E I N HEEE NP, 8.8% K AN NAEE.

For example, one participant that selects neutral comments “It dependes on what the expression be used
for. A long but easy to understant expression is ok”.

fan, —(rEEPSI S HERE: XBRT RGN T 4. KA TEARRFIE A L,



One participant that selects somewhat unimportant comments “Really depends on the working relations
between the developer and the reviewer. As long as they can understand each-other all is well”.

—ALEF A BN S HEFRE : LR EBRTIT RN AAEEE ZHH TR R HEARTRER
MR 17

Overall, Expression has a relatively lower positive rate compared to the other two attributes, but still

accounts for the majority of the participants.

BRIE, HHAWA R, FERPRCEAEN AR, B E25ENREZ .

Below, we present the comments regarding the evaluation criteria suggested by our survey participants

who acknowledge the importance of Expression.

N, AR ARNRSE R A E S 5 E X RO AR R TR

E.E1 “When evaluating the expression of a code review comment, you’re looking at how well the feedback

is communicated, whether it is clear, concise, and effectively conveys the reviewer’s thoughts”
E.E1 “fEPPG AR HT A PFIR I RIS, IRER RRIEARURIN T, BA7E . fH, HAROEERTH
HE R

E.E2 “Comments should have friendly tone and comment on the code, not the person.”

EE2 “PFEMIZARFHIES, I HiFeRE, TARA. 7

E.O1 “Formatting around non-english or code snippets. (i.e. backticks *). This helps improve overall

clarity.”

E.Ol “BSHEsEBS A B, (B35 ) o IXAB TR m s iRigm L. ~

E.O2 “Comment should be plain human readable sentences, because PR author and other reviewers are

humans. Proper syntax and grammar, absence of typos are important as well.”
E.O2 “YFig i@ il N A7, A28 PRAFEFIHAHEEEHZ A IERNEENSGE, &8
PEERMMREZ, 7

4.1.4 Practitioners’ Feedback on Additional Attributes. Apart from the three attributes, we also ask the

participants for additional aspects or attributes that may contribute to the clarity of CRCs.
4.1.4 VEXSBINBIER . BRTIXEANEHSS, RITEARSEEREA KT HEUEE TR
T CRC HITEMIEE

In total, we receive 48 responses to this question.

FANTEILE] T 48 (I X% I IR A

After removing three responses that are “N/A” or “None”, we analyze the remaining 45 responses and

summarize them as follows.

FEMER T = AER ST IS, FATTAT 7 RIARN 45 (e, FFREEIT .
Note that a response may be summarized into multiple aspects.
HER, P EEF RS S AZ A TTH

* Consistent to our attributes or evaluation criteria. We find that the comments of 31 participants are

consistent to our attributes or the evaluation criteria.

* SEATHE P ARE 2 BATEI 31 2 H5ERIHE SHAT R IE LG br i —2



For example, “Providing references (links to other discussions, code changes, documentation, etc.) is
important for building trust and minimizing the length of feedback cycles” is consistent to 1.02 and
“Politeness” is consistent to E.E2.

Bilgn, “fett=% (Mg, AR SURESERHERD) AT AR AR/ M S5t B HC AR
5102 —3, “4L3" 5 E.E2 —3,

¢ Overall expectations on CRCs. There are 11 participants comment their expectations on CRCs, which

may not be directly related to clarity.

* Xt CRC (S AR . A 11 L2 5FPFE 11X CRC YR, XAl RE SIHI R B BHEK R

For example, “The reviewer should be responsive i.e. should quickly respond to the questions raised by the
contributor” is about the time taken to reply and “Some reviews will require a history to develop how
experienced the reviewee is so the appropriate level of explanation is given for their skill” is about writing
CRC:s based on reviewee’s knowledge.

LR e gAY YA A b S VA 3y U EIVVAD: Vsl e 7 e Nl 21721 0e =5/ S (E1V =05 15 1< S 1 I (T S =3
i B LTk TR EE AR FEE R, MEE MBI EREACT45 T8 SR R 2 R TR
P A E I RIIR% S CRC,

* Other suggestions on code review. There are 8 participants comment on other suggestions regarding the

practice of code review.

c RTREHENEMER. 7 8 MZ5HML T R TR ELEA AL

For example, “Rich features of the code review tool is also important. For example, GitHub provides a
"suggestion' feature, it makes the suggestion of the code change clear” is about leveraging tools to provide
suggestions and “I’m not sure if this it too meta, but I think having a space to talk about what kind of
culture you want to encourage is important to setting standards” is about the role of code review in
building relationship and culture.

Bin, “AASHEE THNFEIHEERMRET. flln, GitHub $E4ET— A BUCIhEE, MRS FH IR
AT 2R T TR, M RATEXZANEAIC T, HHINA— 2RISR
SR AR SO T3 E R AR B2 5 AR B A AR A7 58 RS H A

Overall, there is no additional attribute derived from the practitioners’ feedback on potential new

attributes.

BT, A MM R T RAERT R LAY 525t 75 AN s

However, they provide valuable insights of their expectations on code review, and may inspire future
studies to improve the quality of CRCs and the practice of code review.

gaT, AR TR TR B A B A 5 MR, IR RERURASRINIESE , LR CRC [ e AN H
NP

Summary of RQ1:
RQ1 H45:

Based on our literature review and survey with open-source practitioners, we derive three attributes
related to the clarity of CRCs and their corresponding evaluation criteria.

ET AR SCRREBA TR HE MO FE A, F 5 T =5 CRC T EEAH S J 1 A HAH B PP
PRt



A majority of the practitioners consider these three attributes important to the clarity of CRCs.

REBMMENFIX =A@ EXS CRC M AR E 2

4.2 RQ2: Clarity of CRCs in Open-Source Projects
4.2 RQ2: FHEIIHH CRC IR

In this RQ, we first present our detailed process on analyzing the results of our manual investigation.

ARG, FATE SN Aot N TRES RIS R

We then present the results of our quantitative analysis and case study, respectively.

SRIE, BN B R E AT AN ZE BT IS A S5

4.2.1 Experimental Setup. Two authors of this paper independently label the clarity of CRCs following the

process and using the datasets discussed in Section 3.

4.2.1 IR IRE . ASCIPIALIEE RIS 3 T e TR ANERER . J057hRie CRC TR o

Particularly, for each attribute, the CRC will be marked as positive if it meets all of the essential criteria

and at least one of the optional criteria.

R, XTEANENE, WHR CRC LR AZEATRER 2D — M dehnifE, MR mE.

Otherwise, it will be marked as negative.

A, CRERRRIE A AT

During the data annotation, each attribute is separately and independently labelled, and the results for one

indicator will not affect those of the other two attributes.

FERRREIE R, B R IEHSE B H S FRICH, — MEbRA 2 RA SR AL R PR 25

When the labelling is completed, the two authors compare their results and discuss each disagreement until

reaching a consensus.

YhricseE, WAAEE BTSSRI e — 108, EEIE LR,

The value of Cohen’s Kappa [41] in this process is 0.87, which indicates a substantial agreement.

FEMGIE AR, Cohen’s Kappa [41] 5 0.87, JXFHIH AR A2tk

4.2.2 Quantitative Analysis. We present the results of our quantitative analysis on the clarity of CRCs by

different programming languages.

422 € HTe FAHEA R I GRETE 5 Xt CRC M LAY AE S trai iR

Table 4 shows the percentage of CRCs’ clarity for each programming language.

4 Won TR ARETE S R CRC JH I 70 o

Specifically, “Negative” refers to the percentage of CRCs that do not meet the evaluation criteria for each

attribute, “All positive” refers to the percentage of CRCs that meet the evaluation criteria for all the three
attributes.

BRI, I e RIS ARER) CRC F L, “2fPE 2816 Fr = R IEPFAE AR
HERY CRC F ot



Overall, 71.2% of the CRCs meet the evaluation criteria in all of the three attributes, meaning that a large
portion of the CRC:s (i.e., 28.8%) is not shown to have a sufficient clarity.

BRINE, 71.2% [ CRC 76 i =N EIERPPA bR, IXERERR—#B2> CRC (1 28.8%) AEIR
HH A8 A TR L o

We discuss the results by comparing among the attributes and the programming languages, respectively.

Mo eI H A 2 TR AR T 5 Z AR 45 SRR A TR

Comparison among attributes. The distribution of CRCs that are negative for different attributes is 11.4%
on average for Relevance, 19.3% on average for Informativeness, and 5.8% on average for Expression,
respectively.

JEPERR e ARSI BIPER CRC AT IL AN - AHRAE P 11.4%, (5 EEF 19.3%, ik
44 5.8%

The results show that a non-negligible portion of CRCs in open-source projects is not written with good

clarity, especially for Informativeness and Relevance.

R, PRI E AR 2R — &85 CRC BEM AR, JCHRARE B T8 -

Comparison among programming languages. We find that the distribution of clarity varies for different
programming languages.

OAETH = A Y EEA e FRATA U R A 1 5 T 0 A 25 A A TR

For example, over 75% of the CRCs for C and Java are all positive.

P, C 1 Java it 75% ) CRC #24x FHERY -

Differently, only 63.6% of the CRCs are all positive for C++, meaning that over 35% of its CRCs have an

insufficient clarity.

AREE, CH A 63.6% [y CRC 22N, XEWRE#IL 35% 1) CRC JHIT AL .

4.2.3 Case Study. For each attribute, we discuss a negative example (i.e., does not meet the evaluation
criteria discussed in the experimental setup of this RQ) and a positive example (i.e., meets the evaluation
criteria), respectively.

4.2.3 ZHIBGE . ATREDRIE, FAOVDE— DRG] (RIARFEGA RQ SLE I E P IHE R PR bR
#E) M IEERG] (RIRFEIFAEIRIE) o

Note that we rename the identifier names and slightly rephrase the CRC to avoid directly retrieving the

author of the CRC based on provided samples.
HER, BATEG A TARRRFAFRIFMMAS T CRC, LU R ER BEAYFE AR H AR 22 5] CRC {HIfE
Ho

Relevance. As presented in the examples below, the negative example comments “Same here. and also all

others”.

MR AN ERRFIFTR, SRR EIE o X B A HAMRT AT

The CRC itself hardly contains any information relevant to the code change.

CRC A& P A A5 AR ARSI F B



It may only be relevant to the information outside this code change.

B RREH S ARG A B 2 SN SRR

Therefore, it is not shown to be relevant to the code change, and it is not self-interpretable.

Rk, eRERHSHEEREMR, FEEAT B,

Therefore, this CRC does not meet the essential criteria of R.E1.
Rl 1 CRC A4 REL FYEEA R

In comparison, the positive example raises a question, and the question is shown to be relevant to the code

change.

M2, EEREER T — A, FF A e S AR A AR .

Moreover, it specifies the exact location in the code change where the reviewer has a question.

BEAh, EFRE T A E A SR A ARG R DI B

Informativeness. As shown in the negative example below, the CRC mentions “This change is not correct”.

FEME. R SRR BTN, CRC FEE)“ IO IE#”,

This CRC may imply the developer to revert this change or fix an issue.

1t CRC AIREME 7RI A N LR I BE A slf8 52 ]

However, the comment does not provide an explanation of why the change is considered incorrect.

SR, ZIREBCA TR BTN B SO IE W R o

It’s important to offer specific reasons or context information to help the developer understand the issue.

SRR IR B S A5 S AT BT A2 N S BRI A e B

Therefore, this example CRC does not meet the essential criteria of I.LE2.
R, 7Rl CRC ARG LE2 YRR

In comparison, the positive example explains the issue and further provides a suggestion for the further

action to reproduce the problem.

MEZT, IEHER AR 1R, FHOVEBRBRY BE— AT At 7.

Expression. The CRC in the negative example asks the question in an impolite manner, which does not

meet the essential evaluation criteria of E.E2.

Fiko MUAIRPIFH CRC DKUY 2R, XA & EE2 RYEATEAERIE.

According to many of our survey participants’ feedback, being polite and friendly is very important to

efficient communications.

RPN T2 ES SHNRBE, AL X T ARG AR 2.

Constructive criticism and polite suggestions for improvement are always preferred than harsh or toxic

comments.

FRBCNE AR PRI LA gt U2 HE ™ 7 B B I8 BE 2 Wl



Summary of RQ2: We find that a large portion (i.e., 28.8%) of the CRCs in our study open-source datasets

have insufficient clarity.

RQ2 4% FATAKIATFHITEE I SR A —# (R) 28.8%) CRC = LG5 HITH L -

Among the three attributes, Informativeness has the most noticeable insufficiency.

FEIX = A EIET, (5 BRI E S 2.

4.3 RQ3: Automatically Evaluating the Clarity of CRCs
4.3 RQ3: H3hE CRC HITHMTE

In this RQ, we present the results of our evaluation on the clarity of CRCs.

FEARQ H, AR xS CRC YR RE PR 45

4.3.1 Main Results. Table 5 presents the results of ClearCRC, organized by different RIE attributes, model,

and metrics.
43.1 FELER, £ 5 /R T ClearCRC W45, % AN[H I RIE @Ik BUAIFEIR4IZ .

In the table, we report the average results of five-fold cross validation.

e, FAHRSE T T RIE P45 R

The bold number of each column shows the best performance of the corresponding attribute and metric.

FH AR 7 BoR 7 BEPE AR bR A T R

Comparison among model sets. Overall, pre-trained language models achieve the best performance among

all model sets.

PRI R PR VAT, IO GR35 R P A R A IS T BB

Specifically, with regard to the set average performance across all evaluation attributes, pre-trained

language models have the best performance on all four metrics.

BAME, RTAA M EIERAFITERE, BOlgRE S BTa A e LB A 6.

For example, the balanced accuracy of set 2 models is 71.25%, outperforming other sets by a large margin
(i.e., 17.7% and 20.8% relative improvements compared to set 1 and set 3 models, respectively).

P, %5 2 HBRRPAT RO 71.25%, RIGOCTHABE (RIFEXS T8 1 NI 3 BRI Hl s 1
17.7% #1120.8%) -

Apart from balanced accuracy, there is also a consistent advantage for set 2 models on the other three

metrics.

B 7 PERRERR AN, O 2 AR A = MR B B — B

We believe that the strong performance of pre-trained language models is attributed to their prior code

knowledge and task-specific fine-tuning.

FATN, BIZRTE ST H O B T E AT e R AR TR AR A 55 H Gl o

In contrast, large language models perform poorly due to their inability to acquire sufficient knowledge
about the clarity of CRCs.
MEEZN, REESHERERIUAE, RO ENTTeERIGRT CRC HMT R L A8 RN



Comparison among attributes. We find that the models’ performance on different attributes varies a lot.

JRIERI A TN TR B AR B b AR 2= AR K.

The average balanced accuracy of Informativeness is 71.30%, while the number is 56.91% for Expression,
which may suggest that Expression is a relatively easier attribute for subject models to understand and
recognize, but harder for Informativeness.

5 RN AP R PAG RN 71.30%, TTFE N 56.91%, XAl RERWIXT T HARSRI ML, ik — X
B o PRI BRI, ThAE EE R

However, we also notice that the recall of Informativeness is much lower than Relevance and Expression
(i.e., 78.22% compared to 83.41% and 95.87%).

SR, P T = EME BN A FET L T A RIEGE (Rl 78.22% Xt HE 83.41% F195.87%)

We conjecture that since the dataset of Informativeness has a higher proportion of negative samples, the
model achieves a higher balanced accuracy in distinguishing positive and negative samples while also
making it more difficult to recall negative samples.

FATHEN, B TEEMBIR R AR E L BIR SeA, BBAE XA IE R AT AT T SBT3 -
MR, [R5 [B] SRR AR A5 B AT PR

Comparison within the set. We mainly analyze the results in set 2 models because they are the best set

among all models.

HNHEL . FNTTEEATEE 2 BT EEIR, RO e AR i i i —24H.

For average performance among all attributes, CodeBERT is better in terms of balanced accuracy (i.e.,
73.04% > 69.46%) but behind CodeReviewer on F-1 score (i.e., 93.07% > 94.61%).

WA BYER P PERET =, CodeBERT FE-F-iHERf=% 7 AR I If (HI 73.04% > 69.46%) , {H7E F-1
S B )G T CodeReviewer (B 93.07% > 94.61%) .

Overall, the two models have comparable strengths.

SRR, X RSRL A  AH

Considering that the size of CodeBERT (i.e., 125M) is about half of CodeReviewer’s (i.e., 223M), we believe
CodeBERT demonstrates good generalizability for automatically evaluating CRC’s clarity.

% &3] CodeBERT HY K/ (R 125M) #5°k CodeReviewer (HJJ 223M) H—=2F, F&ATiA~ CodeBERT {f
ZhITAl CRC I L7 TR B R e

Overall, the results show that in terms of precision, recall, and F-1 score, the performance of these models
is satisfactory (i.e., an overall average score of more than 85%), but there is still room for improvement for
balanced accuracy (i.e., 63.58%), which could be credited to the suboptimal ability to detect negative CRC
samples.

BRIE, SRR, EREER. AR F-1 280, XEERAIERER S NHER (RIS
it 85%) , (BAEPATHERGE (H1 63.58%) Iy (oA et = ia), IXm] eV R Tl il CRC HEAH RE
VAV CED

Therefore, we believe that ClearCRC is promising in automatically evaluating the clarity of CRCs and

further exploration is still required.

AL, FATINN ClearCRC ££ H 2Tl CRC 3 L7 ARG HI 5t hedt— B IRER



4.3.2 Generalizability On Other Datasets. To evaluate if ClearCRC could generalize to newer or less-
studied projects, we conduct a study on a subset of CodeReviewer-New [25], which includes repositories
that the original CodeReviewer dataset does not contain, and adopts various approaches to ensure the data
quality.

4.3.2 fE A SR LRI ML 9 7 PFAd ClearCRC 245 i) L) ™ BIHSHT BT 78 D RYITHE i, A%
CodeReviewer-New [25] { -ER2ET 7 — WS, 28RSt 15 CodeReviewer ZffatErh A AL &5 HY
G, HRM T M7 R R B .

We randomly sample 135 examples from CodeReviewer-New (i.e., 15 samples for each of the 9 languages),

and follow the same data annotation approaches and experimental settings as the main experiments.
FATII CodeReviewer-New FHEEHLIHIEL 135 Aom ] (FI 9 RhiE =45 1S REA) |, FFREE S T2 HIA
A RARE T IR A L g0 P

We use the best checkpoint in the fold 1 cross validation of the main experiments for each model.

FAE B R = BS54 1 373 SURIE ) doe (A 2 o

Compared to the results with the original CodeReviewer dataset, there is a slight drop of the performance
for both models.

5JE1Uf CodeReviewer ZUHEEERI SR LL, PIRARAY )M RERS A T %

For example, the balanced accuracy decreases by around 3% (i.e., 71.25% -> 68.14%) and the F-1 score
decreases by 5% (i.e., 93.84% -> 88.08%).
Bt , SEHERR N T2 3% (B 71.25% -> 68.14%) , F-1 53050 R T 5% (HI 93.84% > 88.08%)

Considering the different time and project distributions of the two datasets, we think that the decline is still

reasonable and ClearCRC could be generalized to the additional datasets.
F BRI BRI AT 040, FATYON T RS HYEE N, ClearCRC AT LAE I H A%
TE%O

Summary of RQ3: ClearCRC assisted with pre-trained language models shows promising results for
automatic evaluation of the clarity of CRCs, with a balanced accuracy and F-1 score of 71.25% and

93.84%, respectively.
RQ3 24k SiafilZeif 515 8LRY ClearCRC 7 H ZhiF-flf CRC 5T 7 TR t r = ISR, P
SR F-1 533809 B8 71.25% F1 93.84%.

Additionally, it could be generalized to newer or less-studied datasets.

BEAh, B R A B A slipt s D R 5 o

5 Discussion
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5.1 Implications
5.1 {5

5.1.1 Implication 1: Actionable guidelines for evaluating and writing clear CRCs.

5.1 878 1: WHEMGE RN CRC BT AR .



As shown in our results of RQ2, there is a large portion of the CRCs in open-source systems (i.e., 28.8%)

that lack clarity.
IEIBATE RQ2 RPN, JHRAZGHRA &7 CRC (1 28.8%) Hh= M.

Due to the lack of well-defined guidelines on writing CRC:s, it is challenging for developers to write CRCs
that can clearly and sufficiently serve as the medium between developers and reviewers.
HTH= KT 95 CRC BIIIRTE R, TR N URAMERS H REWE IR H A5 70 il E T & N ORI A 2 ]
HIH CRC.

Based on our survey with open-source practitioners, many participants mention that they do not want to

see CRCs that are “confusing” and “vague”.

RGN IR F R, F 22 5ERIMBNTAREB R NINZH B CRC.

Instead, they expect the CRCs to be “clear”.
B, AT CRC 2 “THMT Y o

However, it is also difficult to determine what is a “clear” CRC.

SR, HHE AT 22 MY CRC ALAR IATAE o

In our study, we characterize the clarity of CRCs and derive three attributes with their corresponding

evaluation criteria.

FERNTRIFIFE, FATIFRAL T CRC HUIHMTE, FHES I T =@M NI R PP AR

One of our survey participants mentions “I like the idea of thinking more about comments. I would

welcome good guidelines.”.

MY —RESSERE: “RERELZHEZ XML WU RITER -

Therefore, our findings can be used as actionable guidelines for evaluating and writing clear CRCs, which
in turn improves the efficiency and quality of the code review process.
R, AT FEEE R AT AR RS0 B 15 CRC Y T ERAEARRT, IR A URL A i e (1 253 A o

=N
Ho

5.1.2 Implication 2: Select high-quality data for the automated generation of CRCs.
5.1.2 J37R 2: 5 CRC K H 34 s BB 4 .

There are a series of studies that utilize existing CRC data to train models for the automated generation of
CRC:s [33, 40, 57].
AR5 A BV R CRC Hs kil ikl UL A 34 ik CRC [33, 40, 571,

However, these studies accept all the CRC data in general, without a curation or selection on the quality of
data.
SR, XL s A CRC £ff, oA A &d)s icia oA TR sl i e o

Based on such a situation, existing CRC generation techniques may learn from CRC data with insufficient

clarity and then generate confusing results.
RO, B R CRC BB REZ MIHHT A AR R CRC Hidlarhar >, BRI RS AR K945
%o



In our survey, we also ask the participants for their opinion on automated CRC generation techniques.

FEBANMES, FANLEE T2 5EX H 30 CRC AR EARNE .

They can rate the importance of the clarity of automatically generated CRCs from 1 to 5, where 1 indicates
the lowest importance and 5 indicates the hightest importance.
AT LIS B 3 AR CRC M BB M 1 3 S BETIPEE, Horp | FOREZMERAR, S ZREE T

B o

Figure 6 presents the results of their ratings.

K 6 JroR 1T IR PrESs

The average rating is 4.04, and more than 70% of the participants consider its importance as 4 or 5.

SPEIPEIR N 4.04, I 70% S SE NN HE TN 4 505,

For example, one participant comments that “If I am going to receive automated comments on my code
changes, they need to be clear, accurate, and relevant. Otherwise they are just wasting my time”.

flan, —Z5EEE: WREEEECT R E SR HEhe, S ZEm. HEEA.
AN ETFURAEIR 2 FAYHS )

As shown in the results of RQ3, ClearCRC achieves a high precision in evaluating the clarity of CRCs on
all the three attributes.

41 RQ3 (45N, ClearCRC FEPFA, i A =M@ £ CRC I8 By T SEBL 1 ik 2

Therefore, the findings of our study can be used for implementing data filtering and selection mechanisms
to help identify CRCs with good clarity, improving the overall effectiveness of the automated CRC
generation process.

R, AT B SE R AT SE i A ISR, DARS BRSS9 CRC, AT s H 3h
CRC 2 i R ARG 2

5.1.3 Implication 3: Provide a more comprehensive quality evaluation for CRCs and its generation.

5.1.3 JE7R 3: 4 CRC R HA R AL 2 i Al o

As discussed above, developers expect to have CRCs with good quality to foster an effective communication

among the team members.

wn Efrik, TERNSUHEA SRR CRC,  EAGEBEATRA K 53 2 18] 1A 2808 18

Moreover, existing research on automated CRC generation generally uses BLEU score [44] to examine the

textual similarity between the generated CRC and the reference CRC.
HEAh, DA H 3 CRC BT i {#1] BLEU 730 %% [44] AR 24 Al CRC 527 CRC Z JHJfY SCA
HHALASE o

While BLEU score can be used to assess the performance of automated CRC generation techniques, it does
not directly address the quality of the CRC itself.
HI8 BLEU 0 80A] HI TPk 5 3l CRC ALl BoRIITERE, (HEFHAE R CRC A S i )il

In other words, a high Bleu score does not necessarily indicate that the generated CRC is clear and concise.

Het)ifid, = BLEU 20 H0FA— 2R WL CRC {5 fa) 1% «



Therefore, the quality of the CRC itself still remains unclear.
AL, CRC A S [ FCRHIIIAAN T AE o

In this paper, we study the quality of CRC by understanding and uncovering the clarity of CRC.
AT, FATTEE BEARAIFE R CRC AYIE IR RMTFE CRC 1Y BT

To do so, we derive the RIE attributes (i.e., Relevance, Informativeness, and Expressiveness) and their

respective evaluation criteria.

M, FATHESH T RIE @ (RIS, FEMEAZFEME) LA H PR,

These attributes and criteria can be leveraged to provide a more comprehensive evaluation for CRCs and

their automated generation.

XL JR AR T AR R FH SRl CRC R 3 8 hAR b A 4T F BEA o

By utilizing our findings, we aim to provide a more comprehensive quality evaluation for CRCs and their

automated generation.

WAV R, FATEAEN CRC KB [ 524 i A 3 4 1 4 B e T4

It can help developers in writing better CRCs, and also contribute to the improvement of automated CRC
generation techniques, ultimately leading to more effective communication among software development
teams.

E AT LR BT AN 9 5 B4 CRC, A7 B TRk § 3 CRC ZEREIAR, e st & I 2 7]
BRI

5.2 RIE Indicators and Existing Metrics
5.2 RIE {55 5BAER

5.2.1 Comparison with Existing Metrics. Despite the RIE attributes we derive from this paper, the
community and research have proposed other metrics to evaluate the quality of CRCs such as Readability,
Sentiment [7], and Usefulness [47].

521 SHATHRFIN R, SRR EA SO T RIE R, L ORIBI G R E 24 T kT
filf CRC Ry, Bnml et 15 (7] A0 4k 4716

Below, we compare these existing metrics with our RIE attributes:

NI, AT LA TS BATRY RIE JR M7 Hg:

* Readability: Readability is seen as an important quality dimension of software comments [21], and it

emphasizes the difficulty of reading the text (e.g., the number of difficult words and length of the sentence).
o Atk ATSRPERON B PR B B B AR [21], E R PR SORAIXERE (B, R R A
AIFRIRE) -

It is a subset of our Expression indicator (i.e., E.O1), and Expression includes other aspects like the tone.

ErREAEEERR (RIEOD) W— 748, RIS AT .

Besides, a readable CRC could easily be unclear.
1A, FIEER) CRC AT REARZS 2 A AN T o



For example, a comment generated by LLLM is typically very easy to read, but it may contain little valuable

and helpful information for further action.

Bitn, B LLM A 3Fed s AR 5T 0, (AE set S X gt — BT s A i EN A B 2.

* Sentiment [7]: In code review activities, the contributors frequently express positive, neutral, and negative
sentiments, and these sentiments are correlated with the complete time of review [7].

K [7]: AEARTH ARSI, DI S ERIAPIR. TSI RN A, XL I A 5 i AT A
x (71

Sentiment is related to the evaluation criteria of Expression (i.e., E.E2 “Polite and objective”), as polite and

objective comments are usually positive or neutral.

TSR PR PR AR (R EE2“FLARAIE ), RUOAFLAR A2 ALY PEIe 1 H 2 B Bl Az Y o

However, sentiment alone is not enough to assess the clarity of CRC—purely encouraging and positive
comments are not necessarily clear, while neutral CRC could achieve sufficient clarity.

g, AUERR O L LAPPAL CRC 135 M BE—— 2 s i AR B PFE A — €M, TMHhSZAY CRC AT LL
EE SRS HTHIT L -

e Usefulness [47]: Usefulness of one CRC is typically measured based on the outcome of the corresponding
code change (e.g., acceptance rate and time) in former research [47], on the assumption that more and
faster code changes are useful because they can lead to better software quality.

« AHITE [47]: CRC WA IMEAE LTRSS bl i 2 2 TR AU R S5 R (BTN, Fs2 R FSa)
SRATELRY [47], HABGSOZ E 2 AP A RS R A R, RO EATTA LA EOE I RO U

However, the outcome of one code change depends on many other factors like the identity of the
contributor, code style, and the change scope [48], which adds more indeterministic to this measure.
gam, AR A SRR TR 2 HAMR K, norild i Sy AURD KU ANAS SV ] [48], 1X8800 1%
TEVRH AN ETE -

In contrast to Usefulness, which could be deemed as an outcome-driven metric, the RIE attributes are
driven by the process of code review activities, mainly focusing on the clarity of CRCs themselves.
SR S RIS TR AT HEM L, RIE @2 AR i E T s i Rk sh i, M ET CRC A
R L o

In this paper, instead of introducing a single new metric, we present a set of well-defined and actionable
evaluation criteria for assessing the clarity of CRCs.

FEASCH, BATA IR RS, MHRIRH T —20E LW BT ER R PP AR ISR IEAd CRC [T
T JEE o

These criteria are derived from a systematic process and align with the shared expectations of practitioners

across academia, industry, and the open-source community.

XLEFRIETR B RGANIRE, SR DI AT XMl 59 LR A 2 R R — 2

5.2.2 Relation Among RIE attributes. The RIE attributes aim to measure the clarity of CRCs from three

distinct dimensions.

522 RIE B2 AR R RIE BIE SAEN =R B94EREAT 5 CRC AYTHIE .



They are conceptually orthogonal, meaning that each dimension assesses a distinct quality aspect and is

relatively independent of the others:

EAVERES ERIERCR), EWE S PP R R SR 5T, S HARXS Sz HoAd T

* Relevance: Relevance primarily assesses the degree and correctness of the relevance between CRCs and

code changes.

o FORME : FHORHE T 2EPPAL CRC SRS AL B 2 [RIAHSCIE A AR FEANIE A I

* Informativeness: Informativeness mainly evaluates whether one CRC provides useful information like

intention, explanation, suggestion, and reference information.

fREME: FEMEEZHG CRC BARMCAHNGEE, R, Bt % EE.

* Expression: Expression measures if the CRC is expressed appropriately from perspectives like
readability.
« Kk FIEMAT S A A R CRC (YRIAZ 516 5

Since these dimensions capture different aspects, a CRC may perform well in one dimension but poorly in

another.

T XL A I ONFIRY T, — 4 CRC RIREAE—ERE ERIMEYF, (BAES — R BRI

For example, a CRC may be highly relevant to code but lack meaningful information, or it may contain
rich details but be poorly written and hard to understand.

B, —A CRC ATRE S A& AR, HEZ AR XNER, B et e FEE 4Ty, HEHR
7, MELAFRfE

Hof

Because of this, the three dimensions should be evaluated separately to comprehensively assess the clarity
of CRCs.

IERDAAIE , JX=ANERE R 7 A, DA TRTPEAY CRC AT o

Besides, we would like to mention that although the concepts and evaluation criteria are independent, some
attributes are indeed correlated and likely co-occur.

A, AR — 1, BAMLASNIIHAT TR RN, (HELE R SRR, JF HRTRERIN
BE1

For example, if one code reviewer is merely complaining about a specific code change, the comment is

typically neither informative nor polite.

B, AR A E S UR AR E AR B, AR A% PRl RSO (5 B AL

6 Threats to Validity
6 Rt B

6.1 Internal Validity
6.1 AEARME:

We manually label the clarity of CRCs on open-source datasets.

FAHETHIREAE 5 B AN TARIC CRC B35



To mitigate the subjective bias in this process, two authors of this paper label the data independently.

N EX I RE A B ZE , AR LA FE S AR e -

The labellers then discuss each disagreement until a consensus is reached.
SN, AREETIEE b, HENEREE.

Following prior studies [18, 32, 35], we use Cohen’s Kappa [41] to measure the agreement of the manual

investigation results between the two authors.

G SoRTRIBESE (18, 32, 351, FAT1fl A Cohen’s Kappa [41] SRl 5t B A4 E# Z AN T AL R A — 8tk

The Cohen’s Kappa value in this process is 0.87, which indicates a substantial agreement.

FEMIEAE T, Cohen’s Kappa {Ey 0.87, iXFRHIH AR E A —2tt.

The randomness in the process of our experiments (e.g., splitting the data, training the models) may affect

the results.

AT AR PRI BEALE (P, 2 RIEE. 2R ATRES R NaLs

To mitigate such threats, we use a five-fold cross validation to conduct the experiments and report the

average number in our discussions.

N IR Y, AT LT A SRR BT SEE, IR THE RS P .

We derive the evaluation criteria by analyzing the 103 survey responses from participants.

WAL A2 53509 103 43828 [E142 15 PP Ao AR o

Engaging more experts from various domains may generate more comprehensive results.

I B 2ok B AN RIGUS L K T RE = B Y45 2R .

6.2 External Validity
6.2 SMERAR

We conduct our study on the datasets proposed by Li et al. [33].
FRATIAE Li 55N [33] $2 YRR SR _EEFTRIT S o

Using other datasets may generate different results and findings.

il R AR B T RE 2 A AN R A S5 R AT A o

However, the datasets of Li et al. [33] extract code changes and the corresponding CRCs from open-source
projects written in nine programming languages, which include a diverse range of repositories.

SR, Li 2N [33] IR EE MR URR R 5 4 5 RO TR H R UG AS BERIAR R A CRC, L rpfdh
RS R Np e r i

We derive the detailed evaluation criteria based on the survey with practitioners from open-source projects

written in nine programming languages.

AR LR RETE 5 90 S FOTEITH B9 MO B, 15 H 7 R IPAS bR

However, the findings of our study are not specialized for specific programming languages and can be

generalizable to various projects.

SR, BATHIB SRS RIF AR L T I X E R FETE =, FFELRT LA 25 M



Our study is conducted based on open-source data and practitioners.

FATHIBE TR EET IR A ML B TR

Future studies may verify the generalizability of our findings on industrial systems and projects.

ASRAYHTFE AT LA Tl AR GERIIH B _E 3 iR B A 1A I &1 -

7 Conclusion
7 &5

In this paper, we investigate how a code review comment (CRC) can clearly and concisely serve as the
medium of communication among developers by conducting a multi-phased, comprehensive study.
FEASCH, FATEIT E—IZ B SEa R sE, WA TARIHAETEE (CRC) A& & i Mt o T
KRN TR HE ST o

We derive our RIE attributes of the clarity of CRCs and the detailed evaluation criteria based on the

analysis of our literature review and survey with practitioners.

FATEET XS SCREEARI MO TR 04T, #3H 7 CRC JFRBTEE R RIE SRR PFE AR

We also find that a noticeable portion of the CRCs in open-source projects do not have sufficient clarity.

FNTEAIL, TFPRITH FPRK—HB5 CRC B 2 5 TR -

We further seek to explore the potential of automatically evaluating the clarity of CRCs by proposing an

automated framework, namely ClearCRC.

ATt TR R H— 4404 ClearCRC 19 H SILHEAUK IR Z B 3hiFAl CRC IHITERY# /1

Experimental results show that ClearCRC is effective in evaluating the clarity of CRCs based on our RIE

attributes and outperforms the baseline approaches by a considerable margin.

SLEREEIRED], ClearCRC fEEETIRATAY RIE JRIEPHAG CRC I 2 AR, Hf HRIEI THLTy
%o

Our findings shed light on characterizing the quality of CRCs and further facilitate the collaboration

between developers.

FMIRYABL I T CRC Bt UL, TRt et TR A S Z RIETEE
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Our replication package is available and can be accessed using the link [1].
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