I

Ferdowsi University of Mashhad
Press (FUMP)

IRANIAN JOURNAL OF

ACCOUNTING, AUDITING and FINANNCE

Volume 10, Issue 3, Summer 2026

Serial Number: 36

Title

Sectoral Herding and Volatility in the Chinese Stock Market:
Lessons from COVID-19

Ranking the Factors Affecting the Level of Tax Compliance within

the Framework of Comprehensive Tax Plan

Greener Growth, Tighter Credit? The Dual Role of Climate
Action in Revenue Expectations and Financing Obstacles

Macroprudential Policy and the Risk Exposure of Commercial
Banks

The Impact of ESG Performance on Capital Market Sensitivity

The Effectiveness of Kahoot! Game in Teaching Accounting
Principles Course on Students' Quantitative and Qualitative
Academic Performance

The Moderating Effect of Power Distance on the Relationship
between Conscientiousness and Extraversion with Auditors'
Impartiality

Board Characteristics, Audit Fees, and Political Connections: An
Integration of Resource Dependence and Agency Theories

The Relationship Between Managerial Overconfidence and ESG:
Emphasizing The Role of Environmental Costing

Financial Stress Research Under the Magnitude Mind Lens

https://ijaaf.um.ac.ir

Print - ISSN: 2717-4131
Online - ISSN: 2588-6142

Authors Page Number

Syed Faisal Hassan Bukhari

Pedro Pimentel
Gualter Couto

Rahman Sajadpour

Mehdi Arab Salehi
Iraj Kazemi

Ly Hoang Vu

Nafiseh Keshtgar
Seyed Hossein Mirjalili

Behzad Kardan
Hamideh Nazaridavaji

Mohammad Mahdi Bozorg

Zohreh Arefmanesh
Ahmad Zandvanian

Hamid Alvari Chenari
Omid Pourheidari
Ahmad Khodamipour

Ali Sayadi

Iraj Mirhossini
Reza Khajezadeh
Saman Mirabbasi

Hanan Abdullah Hasan
Taqi Al Abdwani

Shima Ebrahimi
Iliya Pishghadam

1-19

21-45

47-77

79-93

95-111

113-137

139-161

163-185

187-200

201-221




the Name of God, the Compassionate, the Merciful

Lj‘:[;-‘-!:t{)ﬂ/_l“'aﬁds
Ferdowsi University of Mashhad

Iranian Journal of Accounting, Auditing & Finance (1JAAF)

Founder:
Ferdowsi University of Mashhad

Director:
Mohammad Ali Bagherpour Velashani, PhD

Editor in-Chief:
Mahdi Salehi, PhD

Journal Manager:
Solmaz Arefiasl
Monir Taheri

Frequency
Quarterly

Volume 10, Number 3, Summer 2026, Serial 36

ISSN (Print): 2717-4131, ISSN (Online): 2588-6142
Editorial Office: Faculty of Economics and Administrative sciences, Ferdowsi
University of Mashhad, Azadi Sq., Mashhad; IRAN; P.O. Box: 1793; Postal Code:
9177948974; Tel: +98 51 38803742; Fax: +98 51 38763852
http://ijaaf.um.ac.ir E-mail: ijaaf@um.ac.ir



http://bagherpour.profcms.um.ac.ir/
https://ijaaf.um.ac.ir/journal/editorial.board#edb734
http://ijaaf.um.ac.ir/

Table of Contents

Title Authors Page

Sectoral Herding and Volatility in the Chinese Syed Faisal Hassan Bukhari

; Pedro Pimentel 1

Stock Market: Lessons from COVID-19 Gualter Couto
Ranking the Factors Affecting the Level of Tax Rahman Sajadpour
Compliance  within  the  Framework  of Mehdi Arab Salehi 21
Comprehensive Tax Plan Iraj Kazemi
Greener Growth, Tighter Credit? The Dual Role of

Climate Action in Revenue Expectations and Ly Hoang Vu 47
Financing Obstacles
Macroprudential Policy and the Risk Exposure of Nafiseh Keshtgar 79
Commercial Banks Seyed Hossein Mirjalili
The Impact of ESG Performance on Capital Behzad Kardan 95
Market Sensitivity Hamideh Nazaridavaji
The Effectiveness of Kahoot! Game in Teachinq Mohammad Mahdi Bozorg
Accou_ntmg Principles Cogrs:_a on Student_s Zohreh Arefmanesh 113
Quantitative and Qualitative ~ Academic .

Ahmad Zandvanian
Performance
The Moderating Effect of Power Distance on the Hamid Alvari Chenari
Relationship between Conscientiousness and Omid Pourheidari 139
Extraversion with Auditors' Impartiality Ahmad Khodamipour
Board Characteristics, Audit Fees, and Political ﬁg' ?\f}ﬁ(gssmi
Connections:  An Integration of Resource J . 163
q d heori Reza Khajezadeh

Dependence and Agency Theories Saman Mirabbasi
The Relationship Between Managerial
Overconfidence and ESG: Emphasizing The Role Hanan Abdullah Hasan 187
of Environmental Costing

. : . Taqgi Al Abdwani
Financial Stress Research Under the Magnitude Shima Ebrahimi 201

Mind Lens

IJAAF; Vol. 10 No. 3 Summer 2026, Serial 36

Iliya Pishghadam






Editorial Board

Mohammad Reza Abbaszadeh

Associate Professor of Accounting, Faculty of Economics
and Business Administration, Ferdowsi University of
Mashhad, Mashhad, Iran

Masoud Azizkhani
Associate Professor of Accounting, Australian National
University

Mohammad Ali Bagherpour Velashani

Associate Professor of Accounting, Faculty of Economics
and Business Administration, Ferdowsi University of
Mashhad, Mashhad, Iran

Emmanuel Constantine Mamatzakis
Professor of School of Business, Management and
Economics London, United Kingdom

Alireza Dorestani
Associate Professor of Accounting, Northeastern Illinois
University, College of Business and Management

Syed Zabid Hossain
Professor of Accounting and Information Systems,
University of Rajshahi

Shokrollah Khajavi
Professor of Accounting, Tehran University, Tehran, Iran

Shahriar Khaksari
Professor of Finance, Suffolk University

Gholamhossein Mahdavi
Professor of Accounting, Shiraz University, Shiraz, Iran

Esfandiar Malekian
Professor of Accounting, University of Mazandaran,
Mazandaran, Iran

Kaliyamoorthy Maran
Professor of Finance, Sri Sai Ram Engineering College,
Chennai, Tamil Nadu, South India

IT

IJAAF; Vol. 10 No. 3 Summer 2026, Serial 36

Mahdi Moradi

Professor of Accounting, Faculty of Economics and
Business Administration, Ferdowsi University of
Mashhad, Mashhad, Iran

Mahmoud Mousavi Shiri
Associate Professor of Accounting, Payam Noor
University, Tehran, Iran

Farzaneh Nasirzadeh

Associate Professor of Accounting, Faculty of
Economics and Business Administration, Ferdowsi
University of Mashhad, Mashhad, Iran

Balasundaram Nimalathasan
Professor of Accounting, Faculty of Management
studies and commerce, University of Jaffha, Sir Lanka

Zabihollah Rezaee
Professor of Accounting, University of Memphis, USA

Ali Saeedi
Associate Professor of Accounting, University of
Minnesota Crookston

Mahdi Salehi

Associate Professor of Accounting, Faculty of
Economics and Business Administration, Ferdowsi
University of Mashhad, Mashhad, Iran

Piotr Staszkiewicz
Professor of Accounting, Warsaw, Poland

Kayhan Tajeddini
Professor of Strategic Mangement, Sheffield Hallam
University, UK

Hassan Yazdifar
Professor of Accounting, Salford University Business
School






Articles Writing Guide

Received articles will be published after professional referee, and being approved by the editorial
board. Submission to this Journal is required to send at least two files include: an “Article cover”
and an “Anonymous file of the main article”, through systems, http://ijaaf.um.ac.ir/ .Submission of
a manuscript implies that the paper has not been published before and it is not under consideration
for publication elsewhere. Please pay attention to the following:

1-Article Cover

The file should be typed in Word software (office), and A4 sized page which include:

o Full title of the paper centered in Times New Roman 16.

e Author’s name centered in Times New Roman 12 (Bold),

e Author’s characteristics centered in Times New Roman 11 (italics), including the authors’ name (the
name of correspondence author should be marked with an asterisk), academic rank and the name of the
institution or university (do not use pseudonym and nickname), complete address, telephone humber and
fax of correspondence author and e-mail address of all authors.

2- Anonymous file of the main article

The main article should be typed in Word software (office), A4 sized page and utmost in 7500

words (including references), and numbered pages while page margins are as follows: margin from

the above 4 cm, from the below 5/6 cm, from the left 5/4 and from the right 5 cm. The line spacing
should be set at 1 cm and the beginning of each paragraph indented about 0.3 cm, the entire text
should be Justified and include the following:

The first page:

e Full title of the paper, centered in Times New Roman 16.

e Abstract in Times New Roman 11 and utmost 165 words, including four issues: (1) Subject and
purpose of the paper, (2) methodology, (3) findings, and (4) conclusions, and Contribution
(maximum).

e Utmost 5 keywords in Times New Roman

e Subject classification code in Times New Roman This coding is designed for subject
classification in economic literature and how to use it in detail is available on the following
website:www.aeaweb.org/journal/jel_class_system.html

e The main titles in manuscript (including abstract, introduction, literature review, methodology,
findings and Conclusion) left aligned in Times New Roman 12(Bold) and sub-titles (such as
Keywords, subject classification code and other necessary(important) titles) left aligned in
Times New Roman 11(bold) and in the left alignment, content of main manuscript in Times
New Roman

e As far as possible, do not use any image in the text and if used, it should be high- quality black
and white photos.

Structure of second page until the end of manuscript is as follow:

e Introduction Some paragraphs contain explaining the problem, literature review, object (purpose),
importance and necessity of it.

o Literature review a review of the literature investigates only related researches chronologically and
the results exploit at the end of the section theory matrix or conceptual model that document research
variables and Formulate research hypotheses.

e Methodology including Methods, data collection tools, population, sample size and sampling
methods, analysis and model testing hypothesis, definition of study variables and operational
definition of them can be in presented the same section that model testing is represented and there is
no need to repeat.

e Results including the findings compare it with the findings of previous and interpretation of
compliance or inconsistency of findings with research findings and theories.Conclusion includes a
summary of the problem, provide a summary of the results and overall conclusion and

IJAAF; Vol. 10 No. 3 Summer 2026, Serial 36
I1I


https://ijaaf.um.ac.ir/
http://www.aeaweb.org/journal/jel_class_system.html

Editor's Note

recommendations based on the results (policy recommendations is necessary only in applied
research and, if necessary, recommendations for future research accordant with the research
limitations or how development of current research;

References are as Section 3-2 and

Endnotes terminology and some necessary explanations provide in the endnote (no footer) and as a
two-column table (contains the endnote number and content of endnote with invisible lines (No
Border). Numbering the endnotes are as text and doing without the use of EndNote technique.

3- Other important points in the original file
3-1- References inside the text

In order to reference within the text (APA) method should be used; so the author's last name with the
year of publication it is presented in the text respectively. If there are two authors, last names’ will
be separated by "and" and if more than three people, "et al.”" will be used

After the last name of the first author. If the number of resources is more than one, a semicolon (;)
will be used to separate them.

Any reference which is mentioned in the article, must be included in references part.

If it is required to explain more about terms or words within the text, endnote can be used.

3-2- References

To set the reference list, use the (APA) method, as follows:
Books: Author, A.A. (Year of Publication). Title of work. Publisher City, State: Publisher.
When citing a book in APA, keep in mind:

Capitalize the first letter of the first word of the title and any subtitles, as well as the first
letter of any proper nouns.

The full title of the book, including any subtitles, should be stated and italicized.

Magazines: Author, A.A. (Year of Publication). Title of the Article. Journal Title, Volume (Issue),
PP--pp.

When citing a magazine in APA, keep in mind:

You can find the volume number with the other publication information of the magazine.
You can typically find page numbers at the bottom corners of a magazine article.

If you cannot locate an issue number, simply don’t include it in the citation.

Online  magazine  article: Author, AA.  (Year). Title of the Article. Magazine
Title, Volume (Issue), Retrieved from http://xxxx

When creating an online magazine citation, keep in mind:

The volume and issue number aren’t always on the same page as the article. Check out the
other parts of the website before leaving it out of the citation.

List of references should not be numbered. If there are 2 or more authors alike, in addition to
alphabetical order, the publisher year also should be ordered. In order to avoid the pitfalls of
the various sources listed, the beginning of each reference is 0/5 cm protrusion.

If there are two authors, last names’ will be separated by "and" and if more than three
people, last names’ will be separated by a comma (,) and the last one with "and”.

3-3- Charts, Tables and Formulas

Charts’ title should be writhen below and tables’ title on the top centered in Times New Roman 11
and Bold. Charts and tables render within the text and immediately place after the explaining
paragraph. The content of charts and tables in Times New Roman 10

Tables and images number from No. (1) To refer to the content of the images and diagrams in the
text, use the number and appropriate referral.

Inserting decimal numbers, instead of using slash (/), and show negative numbers by using
the minus sign.

Tables include variables, should contain a column for the symbols used for variables.

1IJAAF; Vol. 10 No. 3 Summer 2026, Serial 36

IV



Articles Writing Guide

Formulas represent centered in Times New Romanlland render in a two column table with no
border and number with figure in parentheses.

3-4- Other notes

There is no need to spaces before dot, comma, semicolon, colon, question mark, exclamation mark
and, but after these signs shall be placed a spaces.

Use spaces before opening and after the closing parenthesis.

Acrticles should not be sent to Persian/English journal or another language at home and/or abroad
simultaneously.

If the format and structure of submitted articles are not same as what mentioned in this guide, it
won’t be accepted.

Journal can edit and delete some sections, without any change in its content and received journals
will not bring.

Responsibility for the accuracy of the article is the author.

The file should be named in English. This name should include the first author's last name and
sending date. Articles will be received only by Journal Website.

In order to expedite the referee process and publishing an article, we will ask respected professors
and researchers to ensure technical and literary editing and enforce this guide.

The journal is devoted to research papers. Research paper is extracted from the research project,
master's dissertation or thesis.

Receiving the papers is only possible electronically.

IJAAF; Vol. 10 No. 3 Summer 2026, Serial 36



Editor's Note

I am pleased to announce that the Ferdowsi University of Mashhad is publishing Iranian Journal of
Accounting, Auditing & Finance (IJAAF). On behalf of the board of the IJAAF and my co-editors,
I am glad to present the Volume 1, Issue 1 of the journal in December 2017; the journal will publish
four issues in a year. The board includes experts in the fields of accounting, finance and auditing, all
of whom have proven track records of achievement in their respective disciplines. Covering various
fields of accounting, 1JAAF publishes research papers, review papers and practitioner oriented
articles that address significant issues as well as those that focus on Asia in particular. Coverage
includes but is not limited to:

« Financial accounting

o Managerial accounting

e Auditing

« Taxation

« Accounting information systems
e Accounting education

Perspectives or viewpoints arising from regional, national or international focus, a private or public
sector information need, or a market-perspective are greatly welcomed. Manuscripts that present
viewpoints should address issues of wide interest among accounting scholars internationally and
those in Asia in particular.

Yours faithfully,
Mahdi Moradi
Editor in Chief

1IJAAF; Vol. 10 No. 3 Summer 2026, Serial 36 VI



IJAAF; Vol. 10, No. 3, Summer 2026, Serial 36

Iranian Journal of

St Accounting, Auditing & Finance

Ferdowsi University of Mashhad

Quarterly

RESEARCH ARTICLE

Sectoral Herding and Volatility in the Chinese Stock Market: Lessons
from COVID-19

Syed Faisal Hassan Bukhari®, Pedro Pimentel, Gualter Couto
School of Business and Economics and CEEAplA, University of Azores, Ponta Delgada, Portugal

How to cite this article:

Bukhari, S. F. Hassan , Pimentel, P. and Couto, G. (2026). Sectoral Herding and Volatility in the Chinese Stock Market:
Lessons from COVID-19. Iranian Journal of Accounting, Auditing and Finance, 10(3), 1-19. doi:
10.22067/ijaaf.2026.48161.1632

https://ijaaf.um.ac.ir/article 48161.html

ARTICLE INFO Abstract

. . This study investigates the Chinese stock market's herd mentality and volatility both
Article History before and after the COVID-19 outbreak. Using the GARCH (1,1) and return
Received: 2025-06-29 dispersion (CSAD) models, the study examined how market volatility and investor
Accepted: 2025-11-22 behavior differ across economic sectors. Due to the market meltdown and instability

Published online: 2026-07-12  caused by the COVID-19 pandemic, the results showed a significant rise in herd
behavior and volatility following the outbreak. To control cross-sector herding and
volatility in times of crisis, the research shows that sector-specific variations in these
phenomena are necessary. The study highlights shortcomings, such as failing to
consider more comprehensive factors like regional and global influences, and
recommends that these areas be addressed in subsequent studies.

Keywords:

COVID-19, Diversification,
Efficient, Herding, Market
Hypothesis, Volatility

d https://doi.org/10.22067/ijaaf.2026.48161.1632

NUMBER OF REFERENCES NUMBER OF FIGURES NUMBER OF TABLES
84 2 8
Homepage: https://ijjaaf.um.ac.ir *Corresponding Author:
E-ISSN: 2717-4131 Syed Faisal Hassan Bukhari
P-ISSN: 2588-6142 Email: nadealishanawer@gmail.com
Tel:

ORCID: 0000-0002-6971-1498


https://ijaaf.um.ac.ir/

RESEARCH ARTICLE 2

1. Introduction
The Chinese stock market was the first market to experience unprecedented economic uncertainty

and havoc after the COVID-19 outbreak. The economy is continually struggling with the effects of
the ongoing pandemic, trying to recover from fear and damage. Economic growth was significantly
affected by containment and restrictions. After a slowdown to 2.6% in 2022, China experienced a
rebound in economic growth, with an increase of 5.2% in 2023 and 5.0% in 2024. In the context of a
financial crisis, the Chinese stock market experienced a notable decline, and return volatility
increased during the pandemic's initial phase.

Due to fear and instability, investors’ confidence has been adversely affected. This highlights a
behavioral finance perspective: psychological biases, such as copying other decisions rather than
fundamentals, are a primary source of herd behavior and market volatility. As irrational investor
behavior intensifies during financial crises, the examination of herd behavior becomes more
important. Consequently, investors need new strategies for portfolio diversification and hedging
purposes (Assaf et al., 2023). The financial crisis resulted in price inefficiency, extreme volatility,
and unpredictability; furthermore, the spread of herd behavior among investors during the crisis was
lightning-fast (Demirer et al., 2019; IMF, 2023).

While numerous studies exist on herding and volatility, there is currently no consensus regarding
their origins, intensity, or similarities, and, to the best of our knowledge, there is a lack of sectoral
analyses of volatile markets before and after COVID-19. There are different characteristics of
COVID-19 compared to previous crises, essentially stemming from a compulsory hibernation of
productive capacity in many economic sectors that remained mostly intact, waiting to recover after
lockdowns. This paper explores herding and volatility at the sectoral level to identify driving factors
and common features of herding and volatility before and after COVID-19. A method is presented to
assess the impact of COVID-19 on investor sentiment and the resulting excessive volatility in the
country at the epicenter.

Investors herd when they follow the market trend rather than their own expectations (Chauhan et
al., 2020). Investors' uniform behavior is the result of similar beliefs and ideas widespread in the
financial markets (Ghorbel et al., 2022). Investors' herd behavior causes returns to deviate from their
fundamentals and, sooner or later, creates chaos in stock markets (Javaira and Hassan, 2015). The
literature establishes that herd behavior intensity increases during adverse market conditions, thereby
spiking volatility in the stock market. The COVID-19 pandemic boosted investors' irrational behavior
and caused extreme volatility in the financial markets. All Chinese economic sectors have been
affected, but with varying intensities. For instance, the real estate sector experienced a massive 20%
decline, whereas the healthcare sector posted positive returns (IMF, 2023). Therefore, sectoral
analysis is key to understanding the dynamics of the Chinese stock market after the COVID-19
outbreak.

Classical models, supported by research studies and risk-and-return theory, are unable to explain
excessive price movements and herd behavior (Wang et al., 2023). Behavioral finance provides a
theoretical foundation for understanding how irrational decisions and imitation can fuel market
volatility, especially during crises. Behavioral finance has emerged as a field, claiming that excessive
volatility results from many investors following others' decisions. During periods of chaos, it is not
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3 RESEARCH ARTICLE

uncommon for less informed investors to mimic the actions of other investors (Chang et al., 2020;
Litimi et al., 2016). The financial markets have been significantly affected by the COVID-19
pandemic, leading to greater volatility and uncertainty. Investors are now relying more on general
market sentiment rather than conducting their own individual analyses (Ampofo et al., 2023). Blasco
et al. (2012) provide empirical evidence on the link between herding and volatility. Recent research
discusses the COVID-19 financial crisis, with Ferreruela and Mallor (2021) claiming that existing
herding and volatility vanish during the crisis and re-emerge afterwards.

This validates the behavioral finance theory that herd behavior is driven by market sentiment,
which leads to temporary shifts in investor behavior (Espinosa-Méndez and Arias, 2021). COVID-19
has intensified herd behavior in financial markets as a short-term phenomenon. Therefore, this paper
investigates whether herding is a short-term phenomenon and explores its origins, as well as those of
volatility, across different economic sectors in the Chinese stock market.

In addition to a description of what happened during COVID-19 in terms of the financial crisis,
what was special about COVID-19 that affected herding and volatility, and how different economic
sectors were affected and how they faced its effects, relative to other crises, are worth knowing.

In this paper, no differences were found between the before- and after-COVID-19 periods across
all economic sectors. Although all sectors exhibited a similar reaction, the prevalence of herding and
volatility is more noticeable on a sector-by-sector basis than when considered in aggregate.

This observation indicates that crises stemming from productive capacity hibernation do not
uniformly impact or impose a challenging slow recovery across economic sectors, as has occurred in
other financial crises. Based on our current knowledge, this particular phenomenon was previously
unknown. Our findings also revealed that herding and volatility are strongly present, which calls for
effective reforms and improved information efficiency.

This study provides useful insights into herd behavior and volatility, offering new knowledge to
the literature that could be generalizable through further empirical research in other countries and
using data from similar COVID-19 financial crises. Research findings provide insight into a volatility
component not associated with investors' behavior across all economic sectors, which is fruitful for
forecasting procedures, hedging strategies, and portfolio diversification. The authors observe a
significant lack of studies that focus on both volatility and herding behavior of investors, specifically
in the context of sectoral versus aggregate analyses in the Chinese stock market. Consequently, this
paper seeks to address this gap in the existing literature and advance our understanding of investor
behavior across these distinct economic sectors.

The paper proceeds with part two for the literature review, part three for the data and methodology,
part four for the analysis and results, and part five for the concluding remarks.

2. Theoretical foundations

2.1. Herding in equity markets
To address herd behavior, many theories have examined herd formation in financial markets. For

instance, some describe herd behavior as most evident and damaging during the financial crisis
(Chiang & Zheng, 2010). In contrast, others conclude that herd behavior intensifies during periods of
lower uncertainty (Hudson et al., 2020). Herd behavior is difficult to define, and researchers have not
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agreed on a single definition. Welch (1992) defines herding as “investors who imitate the actions of
other investors intentionally and ignore their own private information”. Herding occurs when a group
of investors reaches consensus, influenced by economic and social factors. Investors choose the herd
when sufficient information is unavailable to construct an optimal portfolio, and their main objective
is to protect their investments from uncertainties, market risk, and non-parametric results (Lee et al.,
2021).

Chang et al. (2000) claimed that during the financial crisis, investors ignore the available private
information and follow the market consensus. Due to herd behavior, individual investors' returns tend
to move in tandem with market returns, leading to high volatility and making it difficult to reap the
benefits of diversification. Investors’ aggregate behavior influences other investors' decisions and
contributes to market inefficiency. The literature on herding behavior explains several associated
risks, like price volatility, asymmetric effects in returns, speculation, market bubbles, errors in stock
prices, imbalance between market variables, and market crashes (Sihombing et al., 2021). Herding
promotes volatility and disturbs market trading, requiring regulators and policymakers’ immediate
attention to stabilize the stock market (Demirer and Kutan, 2006).

Several studies have examined herd behavior in the Chinese stock market, but only after the
COVID-19 pandemic. For instance, Espinosa Méndez and Maquieira (2023) claimed that the Chinese
stock market experienced strong herd behavior after COVID-19, with herd behavior dominance
during low volatility and high returns. Chang et al. (2000) noted herding when investors sold their oil
stocks due to fear and uncertainty after the COVID-19 crisis. By contrast, Wu et al. (2020) concluded
that herding intensity decreased after COVID-19. Yuan (2021) looked at herding at the sectoral and
aggregate levels, but findings fail to generalize the presence of herding across economic sectors
before COVID-19. So,

HI1. COVID-19 influences herd behavior across economic sectors.

2.2. Volatility in equity markets
Asian stock markets experienced sharp declines and extreme volatility during the COVID-19

outbreak. A highly volatile market has weakened investors’ confidence and created doubts (Mishra
and Mishra, 2021). Fear of a devastating virus has increased the likelihood of abrupt price movements,
market crashes, and financial crises. Significant empirical evidence of investors' fear and anxiety led
to unprecedented volatility (Vuong et al., 2022). Stock market volatility is a barometer of risk;
therefore, volatility is a key factor for stock market performance (Zaremba et al., 2020). Exploring
the causes, timing, and magnitude of volatility is essential for understanding and navigating instability
and financial turmoil. In addition, social media plays a pivotal role in spreading pandemic-related
rumors and creating fear, thereby risking the financial system and destabilizing financial markets.
Some notable empirical studies have examined the effects of COVID-19 and how the pandemic
led to greater uncertainty and significant setbacks for the Chinese economy. Li et al. (2022) stated
that high trading activity significantly contributes to high volatility, causes substantial negative
sentiment, and leads investors to take “flights to safety”. Research argues that excessive stock market
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volatility results from the association between information asymmetry and investors' sentiment (Gao
et al.,, 2022b; Li et al., 2022). Choi (2021) found that aggregate market index analysis yields
homogeneous results and obscures critical information needed for future decisions. In addition, earlier
studies have examined how volatility has passed through the stock market during health crises;
however, no study has examined extreme volatility across economic sectors.

This paper also examines volatility in the Chinese stock market to anticipate potential threats to
the financial system and its stability. The Chinese stock market is a promising and large emerging
market, but it has imposed some restrictions on foreign investment and is described as a segmented
market (Wang et al., 2022). Historically, the Chinese stock market has been vulnerable, generating
highly volatile abnormal returns during economic crises (Li et al., 2022; Ramelli and Wagner, 2020;
Wu et al., 2020). Identifying the drivers of stock market volatility after COVID-19 provides
stakeholders with insights to address issues and control the further financial impact of pandemic
crises. Previous research provides concrete evidence that fear and volatility across economic sectors
are uneven. According to Mensi et al. (2017), the economic sectors of finance, technology, energy,
and telecommunications are the largest contributors to stock market volatility. Zhang and Giouvris
(2022) analyzed cross-sectional economic sectors' volatility before and after COVID-19, suggesting
that volatility varies across economic sectors in the long run. Relying on the literature discussed
above, the following research question arises.

H2. COVID-19 influences volatility across economic sectors.

3. Data and methodology

Daily closing prices from January 1, 2015, to December 31, 2024, for all companies listed on the
Shanghai Stock Market were obtained from Thomson Reuters Data Stream and subdivided into 10
economic sectors according to the Thomson Reuters Business Classification (TRBC). TRBC is a
useful tool for investors when selecting investment portfolios across developed and emerging
markets. The pre-COVID-19 period was defined as January 2015 to December 2019, and the post-
COVID-19 period as January 2020 to December 2024. The time series data, comprising both
aggregate and sectoral components, were tested for stationarity using the Dickey—Fuller (ADF) unit
root test.

3.1. Herd behavior detection
When the stock market is under stress, investors copy other investors' actions and overlook

information available to them. Such behavior reduces the cross-sectional variation among the stocks
and causes herding in the equity market (Christie and Huang, 1995). Cross-Sectional Standard
Deviation (CSSD) model can check the presence of herd behavior in the stock market using the
following equation for each economic sector/market:

N
Zi=1(ri,t_rt)2

CSSDy = |75 (1)
where CSSD; is the cross-sectional standard dispersion of returns among all companies in the same
sector/market on a given day t, r;, is the stock return for the company i on day t, 1 is the
sector/market average stock return on a given day t, and N is the total number of companies in the
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sector/market.

However, Chang et al. (2000) put forward a new model based on the Capital Asset Pricing Model
(CAPM), denoted by followers as the CCK model. This model captures investors' herd behavior
through a nonlinear association between Cross-Sectional Absolute Deviation (CSAD) and market
returns. For example, when a large number of investors form a herd, returns cluster around a single
point. However, if investors take an anti-herding stance, returns are dispersed (Sheikh et al., 2025).
Tan et al. (2008) argue that the CCK model is better at detecting herd behavior than the CSSD model.
Therefore, this paper adopts the CSAD model to check herd behavior in the Chinese stock market,
using the following equation:

CSAD, = a + yq|re| + yo12 + e )
with CSAD, given by the following equation:
1
CSAD, = N Silre—r 3)

where CSAD; is the mean of the cross-sectional absolute return of all companies in a sector/market,
1¢ 1s the sector/market average stock return on a given day t, 73, is the stock return for the company
i on day t, N is the total number of companies in the sector/market, « is a constant, the bottom cross-
sectional absolute return of all companies in a sector/market, y; and y, are coefficients to be
estimated.

The coefficients y; and y, represent the linear and nonlinear relationships, respectively, between
the sectoral return and the cross-sectional absolute return of all companies within a sector. If y, is
negative and statistically significant, indicating that herd behavior exists in that economic
sector/market. During periods of financial crisis and uncertainty, large price movements should occur
in the stock market, thereby boosting herd behavior. Similarly, unequal rates of fluctuation between
CSAD and sector/market returns show a severe presence of herd behavior (Chang et al., 2000).

3.2. GARCH(1,1) Effect
The autoregressive conditional heteroskedasticity (GARCH (1,1)) model is employed to capture

volatility in the Chinese stock market before and after the COVID-19 pandemic. The GARCH(1,1)
model is used to forecast and assess volatility in time series. EGARCH and TGARCH models are
used to capture persistent volatility and the leverage effect. Thus, the GARCH(1,1) model performs
better at capturing sudden volatility clustering, which is vital for the before-and-after COVID-19
evaluation. The so-called random coefficient problem in the GARCH (1,1) model can be addressed
by calculating variations across different sample periods. The baseline idea of the GARCH (1,1)
model is “large price movements followed by large price movements and low price movements
followed by low price movements”. To check the presence of volatility in the stock market in the
aggregate and sectoral context, the following GARCH (1,1) model was set:

Conditional Mean Eq
R =ag+a;Ri1 + & (4)
Where: &~ N(0,02)
Conditional Mean Eq
of = Po+ Piuis (5)

In the conditional mean equation, R; are the returns of stocks, as per the Efficient Market
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Hypothesis (EMH), R; has mean-reversion behavior; therefore, returns are highly volatile and
unpredictable. Equation No.5 represents the conditional variance equation, where o depends on the
squared lag values g2 ; and u?_; is the GARCH (1,1) term. Investors’ financial decision-making
depends on risk and returns; the GARCH(1,1) model is used to estimate risk (volatility) and return,
with risk (volatility) derived from the mean equation and return from the variance equation.
Therefore, this study employed the GARCH (1,1) model to assess volatility across all stock market
sectors during both stable and financial crisis periods. The AR(1) model is selected to analyze the

conditional mean equation based on AIC and BIC; it is simple and fits well across all sectors.

4. Empirical analysis and discussion
4.1. Descriptive statistics

Descriptive statistics of 1, and CSAD; for each sector and at the aggregate market level, before and
after COVID-19, are presented in Tables 1 and 2. The descriptive statistics of the CSAD and sectoral
returns before and after COVID demonstrate persistent distributional patterns. In both sub-periods,
most sectoral returns exhibit negative skewness, suggesting an asymmetric distribution and a greater
likelihood of negative returns. The values of the Kurtosis coefficients exceed 3 in most sectors (except
healthcare), indicating leptokurtic distributions; these results are well documented in the financial
literature.

Comparison of the sub-periods reveals that the post-COVID period exhibits higher mean returns
and greater cross-sectional dispersion, particularly in the telecom and technology sectors. This
suggests that the stock market faces greater uncertainty and risk following the pandemic shock. The
ongoing presence of Non-normal return distributions in both sub-periods supports the use of the
CSAD to capture herding behavior, as traditional models assume a normal distribution and cannot
detect underlying return behavior. The minimum CSAD values are reported as zero due to rounding

to three decimal places.
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Table 1. Descriptive statistics before COVID-19

Sector Variable Mean Median SD Kurt. Skew. Min Max
Cyclical rfe -0.025 0.002 0.563 5.573 -1.218 -3.389 2.026
Consumer CSADf¢ 0.548 0.545 0.202 2.904 -0.453 0.000 1.351
Energy et -0.026 0.000 0.638 4.286 -1.124 -3.422 1.990
CSAD{™ 0.575 0.545 0.289 1.035 0.514 0.000 1.709
Financials rtfi” -0.005 0.000 0.409 6.896 -0.514 -2.469 2.368
(;SAthi 0.405 0.382 0.188 3.867 0.856 0.000 1.415
Healthcare rfe -0.011 0.000 0.571 3.150 -0.655 -3.100 2.167
CSAD}¢ 0.559 0.552 0.225 1.871 -0.175 0.000 1.537
Industrials rti" -0.019 0.003 0.576 5.590 -1.203 -3.458 2.169
CSADE" 0.551 0.545 0.215 2.303 -0.202 0.000 1.411
Materials e -0.018 0.000 0.572 4.672 -1.066 -3.265 2.074
CSAD[™ 0.551 0.544 0.212 2.554 -0.235 0.000 1.357
Non-Cyclical ¢ -0.019 0.000 0.548 4.089 -0.853 -3.263 2.116
CSAD[* 0.566 0.554 0.234 3.080 0.209 0.000 1.811
Technology rit -0.003 0.000 0.741 3.243 -0.722 -3.931 2.397
CSAD}t 0.661 0.653 0.265 2.335 -0.081 0.000 1.912
Telecom rie 0.041 0.029 0.956 1.602 -0.486 -4.360 2.749
CSAD}¢ 0.697 0.541 0.551 0.402 0.949 0.000 2.773
Utilities it -0.016 0.000 0.499 6.346 -1.224 -2.986 1.899
CSADM 0.450 0.439 0.205 1.836 0.388 0.000 1.267
Aggregate i -0.016 0.003 0.532 5.452 -1.085 -3.158 2.079
CSAD, 0.548 0.541 0.204 3.576 -0.220 0.000 1.429
Table 2. Descriptive statistics after COVID-19
Sector Variable Mean Median SD Kurt. Skew. Min Max
Cyclical rfe 0.005 0.000 0.581 7.391 -1.343 -4.600 2.117
Consumer CSADf¢ 0.714 0.740 0.238 3.758 -1.483 0.000 1.787
Energy e 0.014 0.000 0.676 4.077 -0.760 -4.672 2.043
CSADE™ 0.709 0.698 0.324 0.813 0.027 0.000 1.950
Financials rtﬂ" -0.013 0.000 0.543 6.796 -0.662 -4.240 2.926
CSAD{i 0.522 0.517 0.216 1.559 -0.156 0.000 1.235
Healthcare rhe 0.003 0.000 0.650 1.740 -0.288 -2.958 2.581
CSAD{“ 0.733 0.743 0.299 10.577 0.477 0.000 3.538
Industrials rti" 0.007 0.023 0.572 6.919 -1.283 -4.418 1.880
CSADg'” 0.656 0.686 0.233 2.317 -1.208 0.000 1.443
Materials ¢ 0.016 0.012 0.598 5.303 -1.081 -4.288 1.995
CSAD[™® 0.721 0.751 0.268 1.699 -0.928 0.000 1.495
Non-Cyclical ¢ 0.007 0.000 0.572 5.120 -1.018 -3.851 1.858
CSAD[* 0.708 0.721 0.274 1.911 -0.563 0.000 1.837
Technology rtit -0.009 0.000 0.778 3.898 -0.695 -5.122 2.303
CSADtit 0.757 0.758 0.288 5.427 -0.234 0.000 2.887
Telecom rie 0.247 0.255 0.783 3.330 -0.719 -4.571 2.681
CSADf¢ 0.891 0.933 0.472 -0.505 0.167 0.000 2.391
Utilities Tt 0.006 0.000 0.618 4.478 -0.762 -4.227 2.334
CSAD}t 0.547 0.535 0.260 1.512 0.357 0.000 1.732
Aggregate Ty 0.004 0.003 0.550 6.589 -1.249 -4.158 1.748
CSAD; 0.713 0.747 0.238 3.694 -1.506 0.000 1.771

1303 observations

During the COVID-19 period, the financial sector had the lowest mean return, while the telecom sector had the highest.
A similar pattern is observed for CSAD mean return: the financial sector has the lowest, and the telecom sector the
highest. Risk is estimated using the standard deviation; the telecom sector has the highest risk among all sectors,
indicating it is more volatile than other sectors of the Chinese stock market (Chiang and Zheng, 2010). The skewness
values indicate that the Gaussian distribution is not present in all sectors, and the returns of all sectors are left-skewed.
Kurtosis coefficient values for all sectoral returns are higher than 3, except for healthcare, indicating that sectoral returns
are leptokurtic, with a thick-tailed distribution.
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During the COVID-19 period, the financial sector had the lowest mean return, while the telecom
sector had the highest. A similar pattern is observed for CSAD mean return: the financial sector has
the lowest mean return, and the telecom sector has the highest. Risk is estimated using standard
deviation; the telecom sector has the highest level of risk among all sectors, indicating that it is more
volatile than other sectors of the Chinese stock market (Chiang and Zheng, 2010). The skewness
values indicate that the Gaussian distribution is not present in all sectors, and the returns of all sectors
are left-skewed. Kurtosis coefficient values for all sectoral returns are higher than 3 except for
healthcare; this indicates that sectoral returns have a leptokurtic character, meaning the tails of the
distribution are thicker.

4.2. Herd behavior

Tables 3 and 4 present the sectoral and aggregate regression results of the CSAD model to capture
herd behavior in the Chinese stock market. The R-squared values for all sectoral and aggregate
regressions are acceptable and vary across sectors. The y2 coefficient is significant and negative for
all sectors except the healthcare sector and aggregate data sets before the COVID period. The
healthcare and aggregate data sets are positive and significant, which indicates reverse herding.
During reverse herding, investors make irrational decisions, ignore fundamental values, and increase
return dispersion. However, the y2 coefficient demonstrates that the nonlinear association between
CSAD and squared mean return is present in all sector samples after the COVID-19 pandemic. The
negative sign indicates that herd behavior is present in the stock market, and the CSAD coefficient
decreases rather than increases, corresponding to a high value of r t*2. The results confirm our
research question Q1: herd behavior is spotted in all sectors and aggregate data sets, except for
healthcare and aggregate data sets before the COVID-19 period. The findings of this study are
consistent with those of Chang et al. (2000), Espinosa Méndez and Maquieira (2022), Sheikh et al.
(2025), Wu et al. (2020), and Yuan (2021).

Table 3. Herd behavior — sectoral and aggregate before COVID-19

Sectors Y1 Y2 a R?

Materials 0.388*** -0.055%** 0.417%%* 0.328
(0.031) (0.015) (0.010)

Cyclical Consumer 0.370%** -0.052%** 0.425%** 0.329
(0.029) (0.013) (0.009)

Financials 0.544%%*%* -0.070%** 0.271#%* 0.537
(0.030) (0.019) (0.007)

HealthCare -0.050%** 0.118%%* 0.520%** 0.199
(0.013) (0.010) (0.007)

Industrials 0.356%** -0.046%** 0.429%%* 0.297
(0.031) (0.014) (0.010)

Non-Cyclical 0.430%** -0.059%%* 0.420%%* 0.321
(0.036) (0.019) (0.011)

Technology 0.427%** -0.083%%* 0.483%%* 0.278
(0.033) (0.013) (0.013)

Utilities 0.408%** -0.049%** 0.328%** 0.360
(0.032) (0.016) (0.009)

Energy 0.473%** -0.068*** 0.393*** 0.301
(0.040) (0.017) (0.014)

Telecom 0.882%** -0.203*** 0.264*** 0.289
(0.061) (0.023) (0.030)

Aggregate -0.102%** 0.099%** 0.519%** 0.298
(0.012) (0.008) (0.0006)

**% %% and * denote significance at <0.01, <0.05 and <0.1, respectively. Standard deviation in parentheses.
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This model explains that herding occurs in the market when investors follow the average market
opinion. These findings confirm the presence of the Bandwagon Effect (tendency to rally on public
opinion) in all sectors of the market and violate the assumptions of the efficient market hypothesis by
indicating anomalies in the stock market during the period of crisis (Lee et al., 2021). These results
also confirm that during the period of COVID-19, investors feel confident by copying the actions of
other investors and reduce uncertainty (Mishra and Mishra, 2023). The empirical findings imply that
COVID-19 has generated a market bubble that stimulates cross-sector herding in the stock market.
Resultantly, herd behavior of investors caused extreme volatility in all sectors of the market and
affected the returns of optimal portfolios (Bukhari et al., 2021). During the period of chaos and
extreme uncertainty, investors panicked and were forced towards herd behavior instead of following
their own beliefs (Sihombing et al., 2021). In this situation, market efficiency is compromised, and
investors will not be able to achieve desired goals by portfolio diversification across sectors (Bukhari
et al., 2022). The panic and irrational behavior of investors create a vicious cycle that spreads across
all sectors of the market.

Table 4. Herd behavior — sectoral and aggregate after COVID-19

Sectors 2 Y2 a R?

Materials 0.485%** -0.129%** 0.562%** 0.205
(0.037) (0.0106) (0.014)

Cyclical Consumer 0.412%** -0.109%*** 0.584%+* 0.181
(0.037) (0.013) (0.012)

Financials 0.460%** -0.099%** 0.383*** 0.318
(0.028) (0.013) (0.009)

HealthCare 0.600%** -0.163*** 0.512%** 0.266
(0.047) (0.025) (0.0106)

Industrials 0.429%** -0.108%** 0.522%** 0.210
(0.032) (0.013) (0.012)

Non-Cyclical 0.451%** -0.104*** 0.559%** 0.180
(0.041) (0.019) (0.014)

Technology 0.355%*x* -0.045%** 0.590%** 0.244
(0.031) (0.011) (0.014)

Utilities 0.499%*x* -0.112%*%* 0.376%** 0.293
(0.034) (0.015) (0.012)

Energy 0.505%** -0.122%%%* 0.518*** 0.191
(0.041) (0.017) (0.017)

Telecom 0.639%** -0.175%** 0.612%** 0.145
(0.059) (0.023) (0.028)

Aggregate 0.419%** -0.095*** 0.581*** 0.196
(0.035) (0.015) (0.012)

*kx** and * denote significance at <0.01, <0.05 and <0.1, respectively.Standard errors in parentheses

The study has highlighted uncorrelated sectors in the stock market, which are useful for investors
when selecting a balanced portfolio (basket). Further, the findings of this study provide useful insights
for all stakeholders to take necessary remedial measures to overcome the negative effects of herd
behavior during financial turmoil.

4.3. Volatility
Results for volatility across sectors and the aggregate, before and after COVID-19, are presented

in Tables 5 and 6 and Figures 1 and 2. Before estimating the GARCH (1,1) effect, we check
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stationarity in all data streams and employ the Augmented Dickey-Fuller (ADF) test. Results show
that all data streams are stationary at the level, and the null hypothesis is rejected. The GARCH (1,1)
effect indicates that volatility is present in only 3 sectors: healthcare, telecom, and utilities; all other
sectors and aggregate data streams show stability before COVID-19. Our results confirm that the
magnitude of volatility varies across the sectors and the aggregate market sample. However, after
COVID-19, returns remain highly volatile, and the GARCH(1,1) effect is evident across all sectoral
and aggregate data sets. COVID-19 is highly harmful to all sectors, and volatility is more pronounced
afterwards. This supports our research question that the magnitude of volatility differs across sectors
and aggregate data streams. Study findings are consistent with previous studies that volatility

significantly increased during the period of COVID-19 (Gao et al., 2022a; Zhang and Giouvris, 2022).

Table 5. Volatility — sectoral and aggregate data sets (Before COVID-19)

Sectors 0 B1 ADF

Materials -0.00558 0.319%** -28.134
(0.033) (0.011)

Cyclical Consumer 0.0014 0.406%** -26.485
(0.026) (0.015)

Financials -0.0109 0.169%** -27.436
(0.024) (0.005)

HealthCare 0.153%** 0.282%** -27.974
(0.050) (0.012)

Industrials -0.0137 0.336%** -27.353
(0.031) (0.011)

Non-Cyclical -0.0137 0.337%** -28.220
(0.020) (0.011)

Technology 0.0406 0.288%** -28.490
(0.035) (0.010)

Utilities 0.0364 0.529%** -27.888
(0.035) (0.021)

Energy 0.283%** 0.685%** -26.330
(0.062) (0.042)

Telecom 0.204*** 0.206%** -27.17
(0.041) (0.007)

Aggregate -0.0101 0.286%** -28.062
(0.027) (0.009)

*xx %% and * denote significance at <0.01, <0.05 and <0.1, respectively.
Standard errors in parentheses.
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Table 6. Volatility — sectoral and aggregate data sets (After COVID-19)

Sectors Bo L1 ADF

Materials 0.182%** 0.280%** -27.070
(0.044) (0.015)

Cyclical Consumer 0.238*** 0.356%** -28.658
(0.052) (0.022)

Financials 0.257%** 0.232%** -26.962
(0.050) (0.013)

HealthCare 0.208*** 0.312%** -22.237
(0.058) (0.023)

Industrials 0.294 %% 0.243%** -27.044
(0.048) (0.014)

Non-Cyclical 0.184*** 0.297%%* -26.089
(0.046) (0.016)

Technology 0.118%** 0.291%** -25.296
(0.041) (0.014)

Utilities 0.122%** 0.530%*** -28.406
(0.043) (0.027)

Energy 0.118** 0.541%** -22.356
(0.046) (0.028)

Telecom 0.303%** 0.277%** -27.419
(0.049) (0.015)

Aggregate 0.208%** 0.245%** -27.025
(0.044) (0.013)

*ak % and * denote significance at <0.01, <0.05 and <0.1, respectively.

The results of the COVID-19 period are understandable, as all sectors were affected by an
unprecedented pandemic that disrupted market trading, and sectoral volatility is strongly associated
with the COVID-19 outbreak. Chinese financial market faced serious financial turmoil and remained
sensitive after the outbreak of the pandemic. About 5 years of data (from Jan 2020 to Dec 2024) for
the Chinese stock market show the far-reaching impact of COVID-19 on sectoral and aggregate
returns. Our findings also suggest that investor sentiment has produced more sectoral volatility,
especially after COVID-19 (Gao et al., 2022a). The results provide a clear picture to investors that
risk has increased due to extreme volatility and herd behavior in the Chinese stock market after the
pandemic (Bukhari et al., 2021; Gao et al., 2022b). Based on the paper’s findings, investors can
develop new investment strategies to hedge against risks posed by the COVID-19 pandemic across
all sectors of the stock market.

Jan-15 Jan-16 Jan-17 Jan-18 Jan-19  Dec-19
Figure 1. Aggregate returns before COVID-19
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Ha

Jan-20 Jan-21 Jan-22 Jan-23 Jan-24 Dec-24

Figure 2. Aggregate returns after COVID-19

The outcomes of this study provide a comprehensive understanding of the root causes of panic and
market chaos after COVID-19. The effects of volatility can be minimized by increasing information
efficiency for investors during periods of chaos. These findings are valuable for the participants
regarding expected future crises in the market/sector. After analyzing these results, fund managers
can explore the causes and effects of sector-level volatility to develop comprehensive investment

strategies that deliver productive results.

4.4. Robustness test
To ensure the robustness of our findings, we split the data into 10-year windows (2015, 2016,

2017, 2018, 2019, 2020, 2021, 2022, 2023, and 2024) to verify the presence of herd behavior and
volatility. The results for each year are calculated to assess robustness and are presented in Tables 7
and 8. The overall findings from robust testing are not substantially different from the results already
reported in (3-6). Chinese stock market experienced extreme volatility and herd behavior after the
COVID-19 outbreak. This corroborates our main empirical findings and supports the reliability of

our results.
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Table 7. Robustness Testing — Herd Behavior

Years Y1 Y2 a R?
2015 -0.119%%*%* 0.159%** 0.498%** 0.409
(0.024) (0.018) (0.010)

2016 -0.125%%%* 0.210%** 0.510%** 0.417
(0.027) (0.023) 0.011)

2017 -0.133%%* 0.242%** 0.489%** 0.421
(0.028) (0.030) (0.010)

2018 -0.101%%* 0.082%** 0.527%** 0.358
(0.020) (0.012) (0.011)

2019 -0.070%** 0.097%*** 0.525%** 0.213
(0.020) (0.014) (0.012)

2020 0.159%** -0.028%** 0.309%** 0.198
(0.035) 0.011) (0.014)

2021 0.330%** -0.056%** 0.555%** 0.186
(0.049) (0.019) (0.018)

2022 0.509%** -0.135%%** 0.539%** 0.286
(0.066) (0.031) (0.024)

2023 0.561*** -0.188*** 0.595%** 0.243
(0.072) (0.037) (0.028)

2024 0.574*** 0.193%** 0.598%** 0.301
(0.075) (0.039) (0.029)

*a% ** and * denote significance at <0.01, <0.05 and <0.1, respectively. Standard errors in parentheses.

Table 8. Robustness testing — Volatility

Years Bo B1 ADF

2015 0.141* 0.346%** -27.646
(0.097) (0.022)

2016 -0.0119* 0.440%** -26.835
(0.077) (0.028)

2017 0.137* 0.134%** -27.747
(0.081) (0.012)

2018 -0.032 0.386%** -28.850
(0.044) (0.021)

2019 1.071%%* 0.116%** -26.325
(0.125) (0.0106)

2020 -0.021 0.367%** -27.856
(0.046) (0.022)

2021 -0.031 0.281%** -28.732
(0.084) (0.032)

2022 0.214** 0.310%*** -27.585
(0.097) (0.039)

2023 0.235%* 0.337%** -28.525
(0.098) (0.042)

2024 0.215 0. 324*** -27.805
(0.088) (0.040)

*x% *% and * denote significance at <0.01, <0.05 and <0.1, respectively. Standard errors in parentheses.
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S. Conclusion
This paper investigated sectoral herding and volatility in the Chinese stock market, using data from

Jan 2015 to Dec 2024 (before and after the pandemic). We employed Chang et al. (2000) model to
check for herd behavior and an AR (1) was used to examine volatility. Li et al. (2022) claim that AR
(1) 1s reliable in capturing the volatility and fear among the participants of the stock market. The
impact of the pandemic was massive, and the stock market's sudden crash triggered fear and
unprecedented instability. Our results showed that cross-sectoral herding and volatility have increased
during the pandemic. The Chinese stock market was highly sensitive during COVID-19 compared
with the pre-COVID-19 period and experienced excessive volatility. However, sectoral and aggregate
herding and volatility exhibit distinct features across market conditions. It provides an opportunity
for all investors to select a balanced portfolio across sectors when a COVID-19 crisis arises.
Nevertheless, investors should not pursue high returns during excessive volatility and herding (Wu et
al., 2020).

This paper contributes to the literature in several ways, as it examines herding and volatility at the
sectoral and aggregate levels under different market conditions, providing useful insights into optimal
portfolio selection. The results showed that herding activity is stronger during periods of high

volatility; however, low volatility has not weakened herd behavior.

The robustness of the results also confirms that the stock market was semi-stable and efficient
before COVID-19; however, the pandemic has had a devastating effect on the Chinese stock market.
As a result, policymakers must be more concerned about uncertainty and instability in the market.
Regulators should intervene and support advanced systems that can detect volatility clustering and
enable pre-emptive measures against herd behavior. In addition, policymakers should develop
information transparency requirements so that all listed companies disclose relevant information
during periods of crisis and uncertainty. Timely and accurate information prevents irrational decision-
making and reduces herding and market trends. Cross-sector herding and volatility during both

periods, which require comprehensive strategies to mitigate the effects of future crises alike.

The main research limitation was that herding is a complex phenomenon, and it is difficult to
disassociate herding from other investors' behavioral patterns. Future studies can examine the cross-
sector contagion effects of volatility and herding across Asian stock markets, incorporating
macroeconomic variables and diagnostic tests.
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1. Introduction

One of the main ways the government makes money is through taxes. This is a strategic,
fundamental, and evolving subject that receives significant attention to achieve development goals,
boost economic growth, ensure fair income distribution, expand public services, and stabilize social
welfare. In a situation of falling oil revenues, the country depends on it; therefore, it is essential to
maximize tax collection. In addition, higher-level national policy documents, particularly the
economic transformation plan, Five-Year development programs, and the Twenty-year vision
document, have emphasized that more tax revenue should be raised to reduce the share of oil income
in government current expenditure (INTA, 2014). One of the essential tax indicators is taxpayer
compliance, which measures people's willingness to pay taxes or evade them. Based on the national
comprehensive tax plan, it is possible to determine and prioritize tax compliance based on collection
amount, collection time, and collection expenses. The primary gain from paying one's fair share of
taxes is the additional revenue that accrues to the government.

Higher tax compliance improves the efficiency of the tax system by increasing voluntary tax
payments, enhancing tax revenues relative to GDP and budget targets, and reducing tax collection
costs. As a result of higher compliance, taxes are collected more quickly, since they are less likely to
be disputed and enforced, which is particularly important in inflationary situations (Kirchler et al.,
2008; OECD, 2022). Among the three important tax indicators is taxpayer compliance, which
indicates whether people are willing and able to pay their taxes. Moreover, higher compliance
mitigates tax evasion and strengthens perceptions of fairness within the tax system, thereby
preventing negative spillover effects among taxpayers (Torgler, 2007; INTA, 2014).

In its pursuit of a more contemporary tax system, the Iranian National Tax Administration has
embarked on several large-scale information technology projects, including the comprehensive tax
plan. Taxpayer operations, including registration, return filing, tax payment, auditing, and tax
calculation, are performed entirely digitally. Proponents of this idea also claim that it will lead to less
tax evasion, more tax compliance, and better tax equality, all of which will make taxpayers happier.

According to the plan’s designers, three primary objectives have been envisioned for the
comprehensive tax plan. To increase tax revenues, the first goal is to prevent tax evasion, improve
tax compliance, and eliminate unnecessary tax exemptions (Allingham and Sandmo, 1972; Alm and
Torgler, 2011). The second goal is to lower operational expenses by making processes more efficient
and automating them in the Iranian National Tax Administration. The third goal is to make it easier
for stakeholders to work with the organization, which will help make tax fairness more likely and
increase taxpayer respect and happiness (Torgler, 2007; INTA, 2014).

One of the main reasons for making the comprehensive tax plan was that taxpayers weren't
following the rules and paying their taxes. This shows that tax compliance remains a major concern
for both the government and the Iranian National Tax Administration.

There are 32 projects in the comprehensive tax plan, which are divided into five main areas: the
integrated tax system, infrastructure, human resources, stakeholders, and project management. Since
2009, this strategy has been gradually implemented, and the country's tax system has undergone
numerous changes.

The purpose of this study is to seek an answer to the following question: What motivates
individuals to pay their taxes without protest? Several factors have been linked to taxpayers'
propensity to pay their fair share of taxes. These include taxpayers' faith in the government, the
severity of corruption, the taxpayers' financial situation, the openness of financial reporting, the
relationship between tax rates, disclosure of tax information, and corporate governance practices,
taxpayers' prior interactions with public services, taxpayers' religious beliefs, the degree to which the
tax system is integrated, and many more. The magnitudes of these characteristics differ, though.
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Financial openness, disclosure quality, firm size, cash holdings, ownership structure, income
smoothing, and other firm-level characteristics are considered internal factors in this study.
Managerial decisions and internal corporate policies largely determine these factors.

Institutional and environmental variables that are not internal to individual businesses but are
influenced by the larger regulatory and tax climate are known as external factors. Examples of such
variables include the total tax burden, the extent to which the Comprehensive Tax Plan has been
implemented, and the degree to which individual firms have been impacted. Previous research on tax
compliance in Iran has mostly examined its causes in isolation rather than within the institutional
framework of the Comprehensive Tax Plan, despite a growing body of literature on the topic. To be
more specific, no study has yet used an integrated analytical model to rank the factors that influence
tax compliance or to separate internal firm-level elements from external macroeconomic and
institutional ones. There has also been a lack of quantitative measurement and the inclusion of the
Comprehensive Tax Plan's implementation timeline and extent as an explanatory variable in previous
empirical research. This study addresses these gaps by developing a comprehensive framework that
integrates internal and external determinants of tax compliance alongside a novel, data-driven
measure of the implementation of the Comprehensive Tax Plan, thereby providing a multidimensional
and context-specific analysis of tax compliance in Iran. This study contributes to the literature in
several ways. From a scientific perspective, the study provides one of the first integrated empirical
frameworks that combines internal corporate governance and financial variables with an externally
constructed, time-varying indicator of the Comprehensive Tax Plan. Using data mining and decision-
tree techniques, the study uncovers nonlinear correlations and variable ranks that are difficult to
capture with standard methods, thereby going beyond average impact estimates. The results support
more targeted and efficient enforcement and policy design by providing practical insights for tax
authorities and policymakers and identifying which firm-level and institutional factors are most
informative about tax compliance behavior. The remainder of the article is structured as follows.
Section 2 reviews the theoretical foundations and related empirical literature on tax compliance.
Section 3 describes the research design, data sources, variable construction, and modeling framework.
Section 4 presents the empirical results and compares the performance of the applied models. Section
5 concludes the study by discussing the results, outlining the limitations, and offering some final
thoughts and suggestions for further study. Panel data collected from businesses between 2009 and
2022 are used for the empirical analysis.

2. Theoretical foundations

The Iranian National Tax Administration, along with the parliament and the government, has been
working on policies, regulations, and digital systems to address taxpayer noncompliance and the high
cost of tax collection. These efforts aim to increase overall tax revenues, decrease the cost of tax
evasion, and improve taxpayer compliance (INTA, 2014). In particular, due to economic sanctions,
revenues from sources such as oil and petroleum product sales have declined substantially, thereby
making reliance on taxation increasingly critical.

To improve tax compliance, it is necessary to identify and understand the factors that influence
taxpayers' attitudes and tendencies towards paying taxes. Tax compliance is influenced by several
determinants, as discussed in the following sections.

2.1. The economic theory of crime
The comprehensive tax plan is one of the most important factors affecting people's willingness to
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pay their taxes. It is argued that people have to choose between getting caught and paying the costs
of being caught, or not getting caught and getting the advantages of not getting caught. Portfolio
theory suggests that in the "tax evasion game," smart people aim to achieve the best possible return.
So, the potential financial benefits of breaking the rules or not paying taxes are weighed against the
potential losses from getting caught and punished. People pay their taxes because they are terrified
of getting caught and penalized, according to this way of thinking. In other words, how many audits
there are and how likely it is that someone will "win" or not get caught affect how many people pay
their taxes. The amount of the fine if caught also matters (Allingham and Sandmo, 1972). The model
assumes that a person has a steady income and has to choose how much of it to report to the
government (R) and how much to keep secret. The person pays a proportional tax rate t on each
recorded unit of income. There is no tax on unreported income, but there is a steady chance (p) that
the person will be audited. If that happens, they will have to pay a fine (f) for each unit of unreported
income, in addition to the tax they owe.

The individual’s net income, if underreported income is detected, is given by Equation (1).

Equation (1).1C = 1 —tR = f[t (I = R)]

The individual’s net income when unreported income is not detected is given by the following
equation: IN = I — tR. It is assumed that the individual chooses the level of reported income (R) to
maximize expected utility. Accordingly, the individual’s optimal expected income function is
expressed as Equation (2).

Where 1 is actual income, p shows the probability of detection, f denotes the penalty rate, R
presents reported income, and t indicates the tax rate.

Equation (2). EU(I) = pU(I¢) + (1 — p)U(Iy)

The economic theory of crime postulates that the likelihood of detection (p) and the severity of
punishments (f) are the primary determinants of tax compliance. Because of its emphasis on
digitization and information system integration, the Comprehensive Tax Plan has an operational
impact on both criteria. The economic theory of crime postulates that the likelihood of detection (p)
and the severity of punishments (f) are the primary determinants of tax compliance. Because of its
emphasis on digitization and information system integration, the Comprehensive Tax Plan has an
operational impact on both criteria. In addition, real-time data access and systematic documentation
improve the enforceability of tax regulations, thereby raising the expected cost of non-compliance by
strengthening the credibility and application of penalties (f). Consequently, the Comprehensive Tax
Plan functions as an institutional mechanism that directly links digital infrastructure to the core
determinants of tax compliance in the Allingham and Sandmo (1972) framework. The economic
theory of crime, through comparative statistical analysis, demonstrates that reported income
(compliance) increases with higher probabilities of detection or higher penalty rates. This approach
further concludes that individuals pay taxes primarily due to the economic consequences of detection
and punishment.

A wide range of instruments and approaches has been developed to enhance the likelihood of
detecting tax evasion. One of the most important developments in this area has been the use of
technology in tax administration, implemented gradually through several programs.

This process has been going on in Iran since 2009 as part of the comprehensive tax plan.

2.2. The slippery slope model

The tax rate is another subject that affects how well people pay their taxes. Figure 1 shows that the
slippery slope model of tax compliance uses both economic reasoning and human psychology to
explain why people choose to follow tax rules, either willingly or out of necessity. The approach is
based on two basic ideas: how much people trust the government and how strong they think the
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government is. People's ideas about how much power the government has are shaped by things like
how high taxes are, how likely they are to be audited, and how rigorous the punishments are. Kirchler
et al. (2008) found that psychological factors like taxpayers' perception of fairness affect the amount
of trust they have in authority (Kirchler et al., 2008). In the slippery slope paradigm, taxpayers may
view an increase in the tax rate as unjust, thereby reducing tax compliance. However, when
confidence is high, such gains are seen as community consensus (Kirchler et al., 2008). Tax
compliance behavior is not directly tested in the empirical model; instead, the economic and
institutional mechanisms underlying it are captured through observable proxies.

Enforced Voluntary
compliance cooperation
Maximum
Cooperation
Minimum
Maximum
Maximum

Powerof authorities Trustin authorities

Minimum

Figure 1. Relationship between the level of compliance (voluntary and enforced) and trust or power of
authorities (Kirchler et al., 2008)

2.3.The tax burden

The tax burden is an economic constraint imposed on business entities through tax deductions
from their budgets. This implies that taxation takes a particular portion of income that could otherwise
be allocated to development activities by corporations or individual entrepreneurs. The concept of the
tax burden should therefore be defined at both the macroeconomic and microeconomic levels. At the
firm level, the tax burden is generally divided into two categories: tax on profit and tax on value
added. As the tax burden increases, tax compliance among businesses is expected to decrease, as they
seek to preserve conditions conducive to growth and entrepreneurship. In this study, since other
research variables are already related to profit taxation and following Block (2016), the value-added
tax rate and charges are employed as measures of the tax burden.

2.4. Corporate governance

Corporate governance is another internal factor that affects tax compliance, and corporate policy
can be considered as a range. The narrow approach to corporate governance looks at the firm's
relationship with its owners. The broad approach, on the other hand, looks at everyone's rights.
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Companies have responsibilities to more than just the people who currently have a stake in them.
They also have these responsibilities to future generations, society as a whole, and the environment.
The broader strategy is consistent with stakeholder theory, whereas the narrower strategy is consistent
with agency theory. Among the many major players in the limited approach is the government. Thus,
before distributing any further profit, a company should determine and set aside the portion that goes
to the government, which is primarily derived from taxes (Slemrod, 2019; Kerr et al., 2016; Duhoon
and Singh, 2023). Any company that does not want to be responsible for other people's rights is still
legally required to respect the government's rights by determining and paying the correct amount of
tax. From a narrow perspective, the interests of those who prepare information may not align with
those of other parties, such as the government, which stands to gain the most, due to a lack of
transparency and weak corporate governance. In these situations, businesses see their responsibility
only as staying out of trouble with the law and paying their taxes. On the other hand, more general
meanings of corporate governance stress that the company has many connections with many different
groups of people who have a stake in it. From this point of view, corporations are responsible for
more than just their shareholders. They are also responsible for other groups affected by their actions.
This method is based on principles such as openness, fairness, and the protection of stakeholders'
rights. Accountability is considered an essential part of corporate governance in this way of thinking.
Firms should follow their social responsibility by paying their taxes, as part of their overall duty to
society (Abdelfattah and Aboud, 2020).

2.5.Quality of disclosure

The quality of disclosure and financial reporting also affects tax compliance. Agency theory
suggests that tax decisions may be made in managers' best interests when ownership and management
are independent. Thus, reducing tax avoidance-related agency costs is crucial for owners. According
to managerial opportunism (Balakrishnan et al., 2019), managers evade taxes to hide their
opportunistic actions. Improving transparency can save agency costs and fill information gaps. An
organization's transparency is proportional to the quality of its financial reporting and disclosure
policies. Company managers and outside investors are already at a disadvantage due to the lack of
transparency that results from aggressive tax methods, which further compounds the problem. Tax
avoidance activities could provide managers with tools for dishonest behavior, such as changing
wages, doing business with related parties, and diverting resources (Zhang et al., 2025). While tax
avoidance strategies may save the company money on taxes, they also complicate the company's
finances and organization. Often, this makes it harder to communicate with external parties such as
investors, creditors, and analysts, thereby making financial reporting less clear. That is, less
transparency makes it worse because investors, shareholders, creditors, and managers do not have the
same amount of knowledge. One possible cost of tax planning is that it can make a company's
financial reports less clear (Balakrishnan et al., 2019). Balakrishnan et al. (2019) stated that firms
have to pay a high price when there is insufficient transparency. These costs include higher costs of
capital (both stock and debt), worsening governance problems, and less efficient investment. Because
of this, the better the exposure, the less tax avoidance there is, which causes problems for the
government.

2.6. Cash holdings

The taxpayers' ability to pay their taxes is another internal factor that affects their obedience. If
managers have no conflicts of interest, they seek to increase the company's value and maintain an
appropriate level of cash on hand for two main reasons: the transaction motive and the precautionary
motive (Opler et al., 2001). The transaction motive holds that companies that keep cash on hand can
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meet their current obligations without borrowing from outside sources or selling assets, which can be
expensive. The precautionary motive, on the other hand, holds that companies should keep cash on
hand to take advantage of investment opportunities that could generate returns. The opportunity costs
of holding cash, such as the lost returns from investing in long-term investments, are weighed against
these benefits. According to this theory, there should not be a clear link between a company's decision
to avoid paying taxes and its cash holdings, as long as the optimal level of cash is determined by
comparing the marginal benefits and costs of liquidity. When ownership and management are kept
separate, managers may make choices that are not in the best interests of shareholders. Cash and other
easily spent assets can be easily abused by managers who only care about themselves. Therefore,
ownership disputes can accelerate the spending of a company's cash assets. Thus, it stands to reason
that managers might avoid paying taxes to keep cash on hand within the company (Foley et al., 2007).
In turn, this behavior makes them less likely to fulfill their tax obligations, since doing so would
reduce the cash they have available.

2.7. Theoretical background and empirical implications

In this study, an integrated framework that connects the empirical decision tree and ranking
analysis to the factors determining tax compliance is constructed by synthesizing multiple theoretical
viewpoints. Allingham and Sandmo's (1972) economic model of crime serves as a basis for
incorporating enforcement-related elements into the Comprehensive Tax Plan's digitalization, thereby
raising the likelihood of detection and the anticipated cost of non-compliance. Second, the slippery
slope paradigm emphasizes institutional credibility and transparency, highlighting the importance of
trust and perceived legitimacy. The tax burden theory explains how higher effective tax pressure may
weaken voluntary compliance, justifying the inclusion of tax burden indicators as external
determinants. Fourth, corporate governance theory emphasizes that stronger governance mechanisms
and ownership structures hinder opportunistic behavior, leading to higher compliance. Fifth,
transparency and disclosure theories suggest that improved information quality reduces information
asymmetry and aggressive tax behavior. Finally, the cash holdings theory posits that firms with
greater liquidity may face different compliance incentives due to increased monitoring capacity and
opportunity costs. Together, these theoretical blocks motivate the selection of internal and external
variables and form the basis for the decision tree analysis, which ranks the relative importance of
determinants based on their explanatory power for tax compliance.

2.7.1. Empirical background
2.7.1.1. Behavioral & psychological factors

This study examines noncompliance with business income tax and ranks the factors influencing it.
The report is published by Kaghazloo and Borrego (2022). The Analytic Hierarchy Process (AHP)
method was used to analyze data gathered via a grid questionnaire using the Saaty pairwise
comparison technique. The findings showed that knowledge inequality, behavior based on reference
groups, and third-party reporting were the most important factors leading to tax evasion.

Bani-Khalid et al. (2022) investigated the determinants of tax compliance among small and
medium-sized enterprises (SMESs) in Jordan, focusing on the Theory of Planned Behavior (TPB) as
the theoretical framework. An analysis of 385 valid responses was obtained from 660 questionnaires
distributed to managers and owners of manufacturing SMEs in Jordan using a systematic random
sampling method. To evaluate the measurement and structural models and assess the hypothesized
correlations within the proposed framework, the research utilized Partial Least Squares Structural
Equation Modeling (PLS-SEM). The findings indicated that attitude toward behavior, subjective
norms, perceived behavioral control, and patriotism were significant determinants of the intention to
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comply with tax obligations among the surveyed firms. While these studies primarily emphasize
behavioral and perceptual factors, the present study captures their empirical implications using
observable firm-level and institutional proxies such as governance, transparency, tax burden, and
enforcement mechanisms thereby enabling these influences to be systematically ranked within a
decision-tree framework.

Taing and Chang (2021), in their study titled “Determinants of tax compliance: a focus on the
theory of planned behavior,” applied the theory of planned behavior (TPB) to examine citizens’
intention to comply with tax obligations in Phnom Penh, Cambodia. The TPB posits that three key
components underlie behavioral intention: attitude, subjective norms, and perceived behavioral
control. Based on these constructs, seven determinants were selected for the study: tax morale, tax
fairness and trust in government, perceived power, tax complexity, tax information, and tax
awareness. To investigate these determinants, the authors collected survey data from 402 respondents
in 2016. The results of this study supported the view that tax morale, tax fairness, and tax complexity
have significant effects on citizens' intention to comply with tax obligations. On the other hand,
authority power, trust in government, and tax information and awareness were not statistically
significantly related.

Mebratu (2024) examined the theoretical basis of studies on tax compliance in some developing
countries. This study examined prior research on tax compliance in developing countries worldwide
from 1998 to 2022, both by topic and by time period. The goal was to identify the most widely studied
factors affecting tax compliance. The study stressed that long-term tax compliance can only be
achieved when fiscal policy takes into account the key factors that influence people's decisions to
comply. One of the biggest problems in tax management, especially in developing countries, is getting
people to pay their taxes. The review found that taxpayers’ attitudes and perceptions of tax fairness
were each identified six times as major determinants of compliance. In addition, tax information, how
people are expected to act, and subjective norms were each mentioned four times. Three times,
income sources, tax law complexity, moral sensitivity, and religious understanding were named as
important factors. Two times, perceived tax system structure and perceived usefulness were named
as factors.

Alm and Torgler (2011) investigated the role of ethics and cultural values in shaping tax
compliance behavior. Using comparative data from different countries, they showed that moral and
normative factors affect taxpayer behavior as strongly as, or more strongly than, economic factors. A
high rate of tax compliance is indicative of a society with strong ethical standards and a high level of
social trust. If people do not trust the government or believe many institutions are corrupt, even when
there are strict tax laws, they will comply with them less (Alm and Torgler, 2011).

2.7.1.2. Trust, Fairness & Tax Morale

Bartha and Boda (2024) conducted an international comparison and studied the effects of
corruption scandals and political legitimacy crises on tax morale in Hungary. Results suggest that if
public trust is substantially undermined, tougher enforcement methods, such as greater audits or
penalties, may not effectively improve compliance. The paper also distinguishes between compliant
behavior, which is enforced. deriving from fear of sanctions, coping with a lack of trust and perceived
fairness, vis-a-vis compliance essentially being voluntary; when corruption exists, then voluntary
compliance tends towards zero (Bartha and Boda, 2024). These findings justify the inclusion of
external institutional variables related to transparency, enforcement intensity, and the probability of
detection in the present study’s ranking of tax compliance determinants.

Mohammed and Tangl (2023) employed an analytical approach and identified major determinants
of tax compliance, with attention to tax justice, transparency, and the quality of government—taxpayer
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relations. Results indicate that tax legislation and administrative procedures are overly complex,
leading to decreased compliance. Additionally, collectivist attitudes toward the tax burden and taxes,
in the form of a weight sense among taxpayers, also influence willingness to comply. This study
suggests that policymakers should use a multi-faceted strategy for enforcement, including punitive
measures and tax education, to increase institutional credibility (Mohammed and Tangl, 2023). This
evidence supports the inclusion of tax burden, transparency, and institutional quality as key external
determinants in the empirical model and motivates their joint evaluation in the ranking analysis.

2.7.1.3 Enforcement, Audits & Policy Interventions

Nwokoye et al. (2023) examined how financial rewards affect the way Nigerian industrial firms
handle taxes. A structured questionnaire and a multistage sampling method were used to get
information from 800 companies in three industry clusters. The poll answers were analyzed using
descriptive statistics and logistic regression. Regular tax audits, firm size, making tax-related
communications easier to understand, delivering deterrent messages, entrepreneurs' education, and
the legitimacy of the current government all affect enterprises' tax compliance. Financial incentives
such as tax credits, tax reductions, capital allowances, and investment incentives also play a
significant role. These findings directly motivate the inclusion of firm size as an internal determinant
and audit probability and government-related factors as external determinants in the ranking
framework.

De Neve et al. (2021) analyzed data from large-scale studies conducted in Belgium to determine
the effects of tax simplification, nonpayment prevention, and tax morale on taxpayer compliance. The
researchers altered the tax office's communication with Belgian income taxpayers by conducting four
field experiments. The results demonstrated that compliance rates were substantially higher when
communications were made more understandable, and the effect was even more pronounced when
the messages were intended to discourage people. However, bringing up tax attitudes seldom helped
and often made matters worse. The study also showed that steps to simplify processes are much more
cost-effective, which means significant savings in administrative costs.

Slemrod (2019) provided a comprehensive review of the literature on tax compliance and related
enforcement policies. The study surveyed hundreds of empirical and theoretical works, which
proposed an analytical framework to understand the interactions among enforcement policies (audits,
penalties, and incentives), taxpayer characteristics (firm size, liquidity, and ownership structure), and
the institutional context. Based on the assessment findings, it is clear that a mix of "hard" enforcement
instruments and "soft" techniques, such as trust-building and procedural simplicity, is necessary for
an effective strategy to increase compliance. The paper also highlighted disparities between rich and

poor nations, demonstrating how local institutional factors determine the success of tax policies
(Slemrod, 2019).

2.7.1.4. Corporate Governance & Firm-Level Determinants

Desai and Dharmapala (2006) show that corporate governance also has an indirect effect on tax
avoidance through the integrity of financial reporting, which serves as a mediating factor.
Furthermore, higher audit quality was found to reduce tax avoidance, both directly and indirectly, via
its positive influence on financial reporting quality.

Other studies have shown that board independence, executive incentives, tax penalties, tax
position, tax expertise of managers, managerial risk aversion, firm performance, firm size, and the
difference between reported taxable income and accounting income all affect taxpayer compliance or
avoidance. These studies include Armstrong et al. (2015) and Alasfour et al. (2016).

frameworks, including behavioral models such as the Theory of Planned Behavior, which
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emphasizes attitudes, norms, and perceived behavioral control; the psychological tax contract, which
highlights trust and reciprocity between taxpayers and tax authorities; and the slippery slope
framework, which integrates trust with enforcement power. A comparative reading of this literature
reveals consistent patterns across studies: trust, fairness, and transparency are central drivers of
voluntary tax compliance. At the same time, governance-related mechanisms—such as board
characteristics and ownership structure constrain opportunistic behavior and aggressive tax practices.
At the same time, enforcement-related factors, including tax burden and audit probability, exhibit
context-dependent and sometimes nonlinear effects, as stronger enforcement may enhance
compliance in some settings but weaken voluntary compliance under excessive tax pressure. Despite
these insights, prior studies have largely examined compliance determinants in isolation and outside
the operational framework of Iran’s Comprehensive Tax Plan and digital tax system, without
systematically comparing internal firm-level factors with external institutional determinants or
ranking their relative importance. Addressing these gaps, the present study adopts a firm-level and
institutional perspective by embedding tax compliance analysis within the framework of the
Comprehensive Tax Plan and its digital infrastructure, and by applying a decision tree—based
approach to jointly evaluate and rank observable internal and external determinants such as
governance, transparency, liquidity, ownership structure, tax burden, and audit probability thereby
capturing nonlinear interactions and offering a structured prioritization of compliance drivers not
provided by earlier Iranian studies.

While the literature on tax compliance extensively emphasizes behavioral constructs such as trust
in government, perceived fairness, and corruption, these variables are inherently latent and not
directly observable in firm-level archival data. Accordingly, this study adopts a proxy-based
empirical strategy, whereby observable firm-level and institutional variables are used to capture the
economic and informational manifestations of these underlying behavioral mechanisms. Variables
such as disclosure quality, corporate governance attributes, and government ownership reflect
transparency, monitoring, and institutional credibility, while the ICTPlan index captures the evolution
of enforcement capacity and system digitalization. This approach enables the integration of
behavioral theory within a data-driven empirical framework.

2.8. Critique of previous studies and research innovation

Many prior studies (e.g., Mebratu, 2024; Bani-Khalid et al., 2022; Nwokoye et al., 2023; Bartha
and Boda, 2024) have focused either on a limited set of economic or accounting variables or on
behavioral and psychological factors, without integrating these dimensions with contextual
environmental and institutional variables related to the Comprehensive Tax Plan. In Iran, researchers
have similarly relied on a narrow set of economic or accounting indicators, often using financial ratios
and corporate governance measures comparable to those employed in global studies of fraudulent
financial reporting (e.g., Armstrong et al., 2015; Alasfour et al., 2016). As a result, two important
gaps remain in the literature. First, prior studies have not sufficiently incorporated economic,
environmental, and institutional factors, particularly those associated with the ongoing
implementation of the Comprehensive Tax Plan, alongside internal accounting variables in tax
compliance prediction models. Second, existing research has largely relied on traditional statistical
approaches and has not employed data-driven ranking methods to assess the relative importance of
internal and external determinants. Addressing tax compliance in Iran, therefore, requires a
comprehensive framework that jointly considers internal firm-level characteristics and external
environmental factors and systematically ranks their contributions.
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3. Research methodology

The goal of this study is to find and rank the factors that affect tax compliance for businesses listed
on the Tehran Stock Exchange under the comprehensive tax plan. The study uses both accounting
and non-accounting data and will consider internal and external factors. The study population consists
of all companies listed on the Tehran Stock Exchange. This study employs a longitudinal firm—year
dataset (panel data) and analyzes it using machine-learning techniques rather than panel econometric
models. The final dataset comprises 1,337 firm—year observations. The sample of listed firms was
selected using a systematic elimination approach. Firms were included if they had a fiscal year ending
in March, did not change their fiscal year during the study period, had the required financial
information available, and were listed on the Tehran Stock Exchange no later than the end of fiscal
year 2009. Financial institutions, including banks, insurance companies, investment firms, financial
intermediaries, holding companies, and leasing firms, were excluded due to differences in corporate
governance structures and financial disclosure requirements. Data were collected from the CODAL
system, audited financial statements, and official records of the Securities and Exchange
Organization. To extract information from the data, examine what drives corporations to comply with
tax rules and pay taxes, and develop ways to make this happen nationwide, the study used a three-
step data mining process. The first step was to understand and prepare the data. At this step, we
examined values outside the normal range, codes that did not make sense for qualitative variables,
outliers, missing data, data integration, and descriptive statistics. During the modeling stage, decision
tree algorithms were used to examine and rank the factors that affect tax compliance levels. A hold-
out validation approach was used to test the model, with 70% of the data being used for training and
30% for testing. The dependent variable (tax compliance) exhibits an imbalanced class distribution,
with the compliant class occurring approximately 3 times as often as the noncompliant class. To
address this issue, multiple strategies were employed. First, model performance was evaluated using
metrics robust to class imbalance, including recall, precision, F1-score, AUC, and lift, rather than
relying solely on accuracy. Second, cost-sensitive learning was applied in decision tree—based models
by assigning a higher misclassification cost to the minority class, proportional to the observed class
imbalance.

In this study, the factors influencing tax compliance, comprising both accounting and non-
accounting data, were analyzed by considering internal and external variables. These variables are
tax compliance, implementation of performance evaluation of the comprehensive tax plan, proportion
of non-directional board member, amount paid to the board members as salary and wage, separation
of CEO and chairman positions, public percentage ownership (free float), institutional
accommodation ratio, government’s presence on company and effects it has on companies decision
making investment size firm size we consider Cash holding level in such a way that is more than
0.36, tax surcharge again from 05-02-2006 after passing law against this constitution type disclosure
quality smoothing earnings Smoothed corporate income audit report form me suitable Operating Cash
Flow difference result estimated operating cash flows discretionary accruals Total Accruals
evaluation performance Evaluation Total Accruals from Differences ImplementationA
comprehensive plan to meet the Islamic Republic for Iran. In conclusion, IBM SPSS Modeler
Software was used to rank decision tree models on data from firms listed on the Tehran Stock
Exchange. To construct the dependent variable, we first compute tax evasion for firm 7 in year ¢ as
the difference between the final tax assessed by the tax authority and the tax declared by the firm. To
account for systematic differences across firms due to accounting standards and tax regulations, the
sample mean of tax evasion is subtracted from each observation. Negative values, which indicate full
compliance or overpayment, are set to zero, while positive values are retained. The resulting values
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are then normalized to the [0,1] interval to obtain a continuous non-compliance index (T4;;). Finally,
tax compliance is defined as the inverse of this index:
Tax Compliance;; = 1 —TA;;

For classification in the decision tree model, a binary variable is constructed such that firms with
TA;; = 0 are classified as compliant (1), and firms with TA;; > 0 are classified as non-compliant (0)
(Dyreng et al., 2008).

The ICTPlan variable is constructed as a composite index based on expert assessments of the
Comprehensive Tax Plan's implementation. The index was developed through a structured multi-step
process. First, data were collected from a questionnaire covering 32 core projects across five main
dimensions of the plan. For each project, experts evaluated (i) the year of effective implementation
and (i1) the intensity of its impact on improving the tax system using a five-point Likert scale. The
questionnaire was completed by 35 tax experts, including senior administrators and specialists in tax
policy.

A panel of experts confirmed the instrument's content validity, and its reliability was assessed
using Cronbach’s alpha (o = 0.958). Next, responses were numerically coded, and average impact
scores were computed for each project. These scores were then aggregated at the dimension level to
capture differences in implementation across the plan's five core areas. Finally, dimension-level
scores were combined to construct an annual composite index, which was normalized to a 0—100
scale. This index provides a time-varying measure of the degree of implementation of the
Comprehensive Tax Plan and is used in this study as an external institutional variable. A full
methodological description of the index construction is provided in a companion paper by the same
authors, currently under review.

Although the dataset has a panel (firm—year) structure, the objective of this study is not to estimate
causal relationships using panel econometric techniques, but to identify and rank determinants of tax
compliance using data-driven classification algorithms. Therefore, decision tree methods are
employed, which do not require the assumptions or diagnostic tests associated with panel regression
models.

The classification algorithm was trained and verified using a confusion matrix in this work. To
assess the model, performance metrics were calculated from the confusion matrix, including accuracy
(Acc), error rate (1-Acc), true positive rate (Recall®), positive predictive value (Precision®), negative
predictive value (Precision™), and negative predictive value (Precision”™). Furthermore, the F1 score
and the Lift Index were used to evaluate the models' overall performance (Sokolova and Lapalme,
2009).

4. Research findings
4.1. Descriptive statistics

Table 1 displays the descriptive statistics of the research variables. These statistics include the
mean, standard deviation, skewness coefficient, median, mode, number of observations, the lowest
and highest values, and the research variables. Given that most variables in the study are continuous
and multidimensional, outlier treatment was applied prior to discretization using a multivariate
anomaly-detection approach. Specifically, a clustering-based technique was employed to partition the
data into homogeneous peer groups, maximizing within-cluster similarity and between-cluster
dissimilarity. For each observation, the distance from the center of its assigned cluster (anomaly
index) was computed and evaluated relative to its peer group. Observations exhibiting unusually large
distances from their cluster centers were identified as outliers and removed from the dataset.
Regarding missing data, only one missing value was detected in the CashHold variable, which was
replaced using the median value to preserve sample size and robustness.
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Table 1. Descriptive statistics of the study variables

Symbol Variable Min Max Mean SD Skewness Median Mode Uniqueness Observations

OMBS Non-executive 55 1000 0568 0283  -0.804  0.600  0.600 - 1337
board members

BOBO Board 0.000 0.079 0.001 0.003 18287  0.000  0.000 - 1337
remuneration

Ipcy  CEO-board 0 1 - - - - 0 2 1337
separation

FRFL Free floatshare 510 97820 25492 18245 1343 21600 1.000 - 1337
percentage
Institutional

POIN ownership 0.000 99.090 74219 18365 -1.351  78.190 99.000 - 1337
percentage
Government

SOIC ownershipand  0.000 98.040 6.522 14.833  2.987  0.000  0.000 - 1337
influence

Size Firm size 9.069 20.467 14253 1.616  0.595  14.076 12.212 - 1337

CashHold gﬁh"ldmg 0.000 2.669 0085 0.141 6829  0.042  0.003 - 1337

Disclos ?&:Tiltoysure 0.837 99.859 69.530 19.160 -0.676  73.471 50.000 - 1337

SMO Earnings 0.027 34721 1.659 2875  5.411 0.919  0.040" - 1337
smoothing

Audit  Auditreport 1 - - - - 0 2 1337
type

Profit Profitability 1 -- -- -- -- 1 2 1337

CashFlow ~OPcratingcash I - - - - I 2 1337
flow

TaxCom 12X 0 1 - - - - 1 2 1337
compliance

TaxBurd Tax burden 0 9 - - - - 9 7 1337
Comprehensive

ingpla“' Tax Plan 0.013 0921 0425 0342 073 0492 ] - 1337
coefficient

Table 1 shows that several variables exhibit extreme skewness (e.g., BOBO with a skewness of

18.287, CashHold with 6.829, SMO with 5.411, SOIC with 2.987). Some of the quantitative variables
are skewed. Although skewness alone does not necessarily require discretization, this study adopts a
tiles-based discretization approach for most quantitative variables for methodological and interpretive
reasons. First, the study's primary objective is not parameter estimation but the identification and
ranking of tax compliance determinants using decision-tree—based models. Discretization facilitates
the extraction of interpretable decision rules and reduces sensitivity to extreme values in highly
skewed firm-level variables. Second, tile discretization preserves the relative ordering of observations
while creating balanced intervals that are robust to skewness and outliers. To fix this, the Tiles
discretization technique was used to turn the Earnings Smoothing (SMO), Disclosure Quality
(Disclos), Cash Holding Level (CashHold), Firm Size (Size), State Ownership and Influence in
Companies (SOIC), Institutional Ownership Percentage (POIN), Free Float Shares (FRFL), Board
Bonus (BOBO), Non-Executive Board Members (OMBS), and the comprehensive tax plan (ICTPlan-
cof) variables into ordinal qualitative variables. The fitted models derived from the data are delineated
as follows:
4.2. CART Decision Tree

CART is a binary decision tree technique that sequentially partitions the feature space by selecting
splits that maximize node purity (homogeneity). The splitting process continues until a stopping rule
is satisfied (e.g., minimum node size or insufficient impurity reduction). The algorithm can be applied
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in two modes: classification and regression. Given that the dependent variable in this study is
categorical (TaxCom), the classification mode of CART was employed. The confusion matrix for the
test data is presented in Table 2. To assess whether the observed accuracy is meaningful, we report a
simple baseline that always predicts the majority class in the test set. Based on Table 2, the test set
contains 293 “compliant” observations (Class 1) and 114 “non-compliant” observations (Class 0),
1.e., 72.0% and 28.0%, respectively. Therefore, a majority-class baseline would achieve an accuracy
of 0.720 by predicting Class 1 for all cases. In contrast, CART attains an accuracy of 0.54 on the test
set. This indicates that overall accuracy alone is not an informative metric in the presence of class
imbalance, and the added value of CART should be evaluated using class-specific measures and lift
rather than raw accuracy. In particular, while the baseline has zero ability to identify the minority
class (Class 0) (Recall 0 = 0.00), CART provides non-trivial identification of the minority class
(Recall _0=0.52; Table 2), which is critical for detecting non-compliance.

Table 2. Confusion matrix of the CART Algorithm
CART Algorithm Predictions

Actual Values Negative (N) Positive (P)
True (T) 59 159  Correct predictions
False (F) 134 55  Incorrect predictions

Equations were used to construct the model evaluation metrics from the confusion matrix results,
as shown in Table 2.

e — (TP + TN) ~ (159 + 59) ~osa
“CTTP+TN+FP+FN) (159 +59+55+134)
TP 159
Recall* = = = 0.54
e = TP+ 0+ 0+ FN) (159 + 0+ 0 + 134)
TN 5
Recall™ = = = 0.52
et = 0O+TN+FP+0) (0+59+55+0)
TP 159
Precisiont = - = 0.74
eSO = TP 0+ FP+0) (159 +0 + 55 + 0)
TN 5
Precision™ = = =031
TECSION = 0+ TN + 0+ FN)  (0+59 + 0 + 134)
F_ M _ _ 2xRecall” * Precision” 2%0.52%0.31 -
easure = Recall-+Precision~  0.52+0.31
F L 2 Recallt * Precision* _2%0.54x0.74 0.624
easure = Recall*+Precisiont ~ 0.54 +0.74
Lift = 1.22

As shown in Table 3, the importance of the identified variables and their respective predictive
significance levels in the CART decision tree algorithm are presented. Lift measures how much more
effectively the decision tree identifies the target (minority) class compared to a random classifier,
making it particularly informative in imbalanced classification settings where accuracy alone may be
misleading.
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Table 3. Predictive importance of variables in CART

No. Variable Symbol . predictor
importance

1 Non-executive board OMBS 0.110
members

2 Level of cash retention CashHold 0.110

3 Percentage of 1nst1tut.10nal POIN 0.090
shareholder ownership

4 Company size Size 0.080

5 Gov;rnment oyvnershlp . SOIC 0.080
and influence in companies

6 Operating cash flow CashFlow 0.060

7 Disclosure quality Disclos 0.060

8 Board remuneration BOBO 0.060

9 Tax burden taxburd 0.060

The predictor importance values in Table 3 are derived from IBM SPSS Modeler and represent
normalized importance scores relative to the most influential predictor, which is scaled to 1.
Accordingly, the reported values do not sum to 1 but indicate each variable’s relative contribution to
impurity reduction in the CART tree relative to the strongest predictor. Table 3 reports the predictor
importance values obtained from the CART model. The prominence of non-executive board members
is consistent with agency theory, which highlights the monitoring role of independent directors in
limiting opportunistic managerial behavior, including aggressive tax practices. The importance of
cash holdings reflects liquidity-based explanations of tax compliance, as firms with stronger liquidity
positions face fewer constraints in meeting tax obligations. Institutional ownership aligns with
corporate governance theory, emphasizing the disciplining role of professional and sophisticated
shareholders. The role of firm size captures both higher audit probability and stronger legitimacy
pressures faced by larger firms. Finally, the significance of government ownership and influence is
consistent with institutional theory, particularly in contexts where state involvement intensifies
formal and informal compliance expectations.

The ICTPlan coefficient (ICTPlan-cof), along with variables such as earnings smoothing, audit
type, and profitability, was included in the CART estimation. Their absence among the highest-
ranked predictors reflects the structure of the CART algorithm, in which the frequency and strength
of node splits drive variable importance. These variables primarily affect tax compliance through
interaction and contextual mechanisms rather than as primary splitting variables. In particular,
ICTPlan-cof represents a macro-level institutional factor whose impact on tax compliance is largely
indirect and materializes through firm-level governance, transparency, and incentive structures,
explaining its lower standalone importance in the CART ranking.

4.3. C5.0 Decision Tree

The C5.0 decision tree algorithm is similar to the CART algorithm; however, it differs in its
pruning strategy. For classification, this approach partitions the dataset into subsets, with records
more similar to one another than to the parent node. In the C5.0 decision tree algorithm, samples are
split on the field that yields the highest information gain. The first branching determines each
subgroup, and then division based on new fields continues until further splitting is impossible.
Afterwards, the branches are retested starting at the lowest level, and any that do not make a
meaningful contribution to the model are deleted. In Table 4, the confusion matrix for the test data is
shown.
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Table 4. Confusion matrix of the C5.0 Algorithm

C5.0 Algorithm Predictions

Actual Values Negative (N) Positive (P)
True (T) 49 202  Correct predictions
False (F) 91 65  Incorrect predictions

Table 4 presents the confusion matrix findings used to calculate the following model evaluation

criteria .The C5.0 results show asymmetric performance, with higher Precision* and Recall* than

Precision™ and Recall™, indicating that the model identifies compliant firms more accurately than
noncompliant firms. This asymmetry reflects the imbalanced nature of tax compliance data and
implies that misclassifying noncompliant firms as compliant may be more costly from a policy
perspective. Therefore, the model is best interpreted as a screening tool for risk-based audit

prioritization rather than a definitive compliance classifier:

oo (TP +TN) ~ (202 + 49) o
T TP+TN+FP+FN) (202+49+65+91)
TP 20
Recall” = G 00+ FN) ~ ozt 00790 ~ 20¢°
TN 49
Recall™ = - = 0.43
G T O+TN+FP+0) (0+49+65+0)
TP 202
Precision® = - =0.76
eSO = TP 0+ FP+0) (202 +0 + 65 + 0)
TN 49
Precision™ = - =035
TeCSIOn =Y TN + 0+ FN) (0 + 499 + 0 + 91)
F_ M _ _ 2xRecall” * Precision” 2%0.43%0.35 0.385
easure = Recall-+Precision~  0.43+0.35
Fe L2 Recall™ = Precision™ _2%0.69%0.76 0.723
AU = T Recall* +Precisiont 069 +076 =

Lift = 1.40

As shown in Table 5, the importance of the variables specified in the table and the degree of
importance of predicting the variables in the C5.0 decision tree algorithm are as follows. All
conceptually relevant variables were included in the C5.0 model. Variables not reported in Table 5
show negligible normalized importance after tree construction and, therefore, are not retained among
the most influential predictors; their absence reflects data-driven selection rather than exclusion from

the analysis.
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Table 5. Predictive importance of variables in C5.0

Variable Symbol

predictor
importance

Disclos
BOBO
FRFL

1 Disclosure quality
Board remuneration

3 Free float percentage
Government ownership

4 and influence in

companies

Cash holding level

Profit smoothing

Company size

SOIC

CashHold
SMO
Size

~N O\

0.520
0.210
0.170

0.060
0.030

0.020
0.010

Consequently, in this model, the order of ranking variables is: quality of disclosure, compensation
for the board of directors, percentage of free-float ownership, government interest and influence on
companies they invest in, cash retention level, profit management smoothing, and company size.

The tree structure of the C5. 0 model is also displayed in Figure 2:
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Figure 2. Tree structure of the C5.0 model

4.4. CHAID Decision Tree
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The CHAID (Chi-squared Automatic Interaction Detection) algorithm finds the most important
relationships between independent and dependent variables using the p-value from the chi-square
statistic in the test of independence for contingency tables. In this approach, the variable with the
minimum p-value is chosen first from among those available for splitting at a given node. CHAID
differs from other decision tree methods in that it can have more than two branches at any level of
the tree. Thus, it is not a binary decision tree like CART and C5.0. The tree structure that CHAID
produces is usually wider and more complex than those produced by other methods. Table 6 shows
the confusion matrix for the test data used by this program.

Table 6. Confusion matrix of the CHAID Algorithm
Actual CHAID Algorithm Predictions

Values Negative (N) Positive (P)
True (T) 78 139 Correct predictions
False (F) 154 36 Incorrect predictions

Using the results of the confusion matrix, as shown in Table 6, the model evaluation criteria have
been calculated as follows:

oo (TP +TN) ~ (139 + 78) o5
“CTUP+TN+FP+FN) (139+78+36+154)
TP 139
Recall* = = = 0.48
A T TP+0+0+FN) (139+0+0 + 154)
Recall™ = a = 78 = 0.68
G T O+TN+FP+0) (0+78+36+0)
TP 139
Precision* = = = 0.79
eSO = TP 0+ FP+0) (139 +0 + 36 + 0)
P TN - 78 o
TSI = 0+ TN +0+FN) (0+78+0+154)
F_ M _ _ 2xRecall” * Precision™ 2 %..68%..36 .
easure = Recall-+Precision~  ..684+.36
Fe L2 Recall* * Precision* _ 2%048%0.79 0579
AU = T pecall*+Precisiont .48 +079
Lift = 1.34

As shown in Table 7, the importance of the identified variables and their corresponding predictive
significance levels in the CHAID decision tree algorithm are presented. The dominance of
government ownership (SOIC), institutional ownership (POIN), and the comprehensive tax plan
(ICTPlan) in the CHAID model underscores the central role of institutional and ownership structures
in shaping tax compliance in Iran. Given the strong presence of the state and concentrated ownership,
compliance is more closely linked to regulatory oversight and enforcement capacity than to purely
firm-level financial characteristics, consistent with institutional approaches to tax compliance.

Table 7. Predictive importance of variables in CHAID
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No. Variable Symbol . Predictor
importance

Government

y  Ovnershipand SOIC 0.190
influence in
companies
Percentage of
institutional

2 shareholder POIN 0.170
ownership
Iran's

3 comprehensive tax ICTPlan 0.150
plan

4 Profit smoothing SMO 0.140

5 Disclosure quality Disclos 0.100

6 Percentage of free FRFL 0.100
float shares

7 Company size Size 0.080

g  Levelofcash CashHold 0.050
retention

9 Non-executive OMBS 0.020
board members

10 Board remuneration BOBO 0.010

Therefore, in this model, the control variables have been ranked as follows: own state and influence
on companies, the institutions' ownership percentage, the Century Iran Management Act, the earnings
management smoothing rate, the quality of disclosure, traded shares proportion remaining in free
market shares, company size, access to cash, companies level of non-captive board members, as well
as executive pay rate.

4.5. QUEST Decision Tree

The QUEST (Quick, Unbiased, Efficient Statistical Tree) algorithm is a new method for expanding
binary trees that uses only symbolic output fields and supports only two subgroups at each split in its
recursive data partitioning method. The algorithm is efficient in terms of computing and uses
backward pruning. Table 8 presents the confusion matrix for the test data collected using the QUEST
algorithm.

Table 8. Confusion matrix of the QUEST Algorithm
QUEST Algorithm Predictions

Actual Values Negative (N) Positive (P)
True (T) 39 187  Correct predictions
False (F) 106 75  Incorrect predictions

Using the results of the confusion matrix, as shown in Table 8, the model evaluation criteria have
been calculated as follows:

oo (TP + TN) ~ (187 + 39) ~ose
““TTP+TN+FP+FN) (187 +39+75+106)
TP 187
Recall® = = 0.64

“(TP+0+0+FN) (187 +0+0+106)
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Recall™ = d = > =03
O T OFTNFFP+0) (0+39+75+0)
TP 187
TSI = TP+ 0+ FP+0) (187 +0+ 75+ 0)
. . TN 3
Precision™ = =027

“O+TN+0+FN) (0+39+0+106)
2 * Recall™ * Precision™ _ 2 %,..34 %,.27

F—M T = = =0.30
easure Recall~+Precision™ ..34+..27
F_ M L 2% Recall™ = Precision™ _2%0.64x071 067
casure = T pecall*+Precisiont .64 +0.71
Lift = 1.08

As shown in Table 9, the variables' importance and predictive importance in the QUEST decision
tree algorithm are as follows.

Table 9. Predictive importance of variables in QUEST

No. Variable Symbol . predictor
importance

1 Non-executive OMBS 0110
board members

p  Levelofcash CashHold 0.110
retention
Percentage of
institutional

3 shareholder POIN 0.090
ownership

4 Company size Size 0.080
Government

s ownershipand soIC 0.080
influence in
companies

6 Profit smoothing SMO 0.070
gperaﬁ“g cash CashFlow 0.060

ow

8 Disclosure quality Disclos 0.060
Iran's

9 comprehensive ICTPlan 0.060
tax plan

10 Tax burden taxburd 0.060

As a result, in this algorithm, the variables are prioritized as follows: non-executive board
members, cash-holding level, institutional ownership percentage, firm size, state ownership and
influence in companies, earnings smoothing, operating cash flow, disclosure quality, Iran's
comprehensive tax plan, and tax burden.

4.6. Model comparison

Comparing Models Table 10 presents the findings of the model evaluation comparison in a
separate format for each decision tree model. This includes the confusion matrices and assessment
metrics.
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Table 10. Comparison of model evaluations
Model TN FP FN TP Recall- Recall+ Precision- Precision+ Lift- Accuracy

CART 59 55 134 159 0.520 0.540 0.310 0.740 1.220 0.540
CHAID 78 36 154 139 0.680 0.470 0.340 0.790 1.340 0.530
Quest 39 75 106 187 0.340 0.640 0.270 0.710 1.080 0.560
C5.0 49 65 91 202 0.430 0.690 0.350 0.760 1.400 0.620

From the results in Table 10 and the comparison of evaluation measures, especially overall
accuracy and Lift Index, the C5.0 model is the best-performing. The C5.0 decision tree resulted in an
accuracy rate (ratio of correctly classified observations to the total number of cases in the tax
compliance classification) for tax-compliant firms (proportion would refer to the ratio of correctly
classified observations over the total number of cases) of 62%, and the quantity predicted by class
correctly predicted: 69%. The Precision (nc) of the Recall was 31%, and the Precision was 26%. For
the other model class-compliant, non-compliant discretization: random assignment of firms to this
class would have a 26% chance of being correct for the conforming class. At the same time, with
perfect prediction accuracy (state-of-the-art), 25% was obtained. In contrast, the 36% of non-
complying classes as correct by the model suggests that the probability of incorrect failure detection
increased by a factor of 1.4 (Lift Index = 1.4).

5. Conclusion and recommendations

The results of the ranking of factors affecting tax compliance, obtained using various decision tree
algorithms within the comprehensive tax plan framework, are summarized in Table 11.

According to Table 11, which presents the study's ranking of tax compliance elements, the C5.0
model outperforms the other algorithms examined in model evaluation measures such as overall
accuracy and the Lift Index.

Disclosure quality, board remuneration, percentage of free-float shares, cash-holding level,
earnings smoothing, firm size, and state ownership and influence in companies are the independent
variables that rank most important in shaping the culture of tax compliance, according to the research
findings.

This study examined the determinants of corporate tax compliance within the institutional
framework of Iran’s Comprehensive Tax Plan, using multiple decision-tree—based machine-learning
models. The comparison of model performance indicates that the C5.0 algorithm yields the best
overall results, achieving the highest accuracy (62%) and lift (1.40), suggesting a meaningful
improvement over random classification for identifying noncompliant firms. Beyond predictive
performance, the findings offer important theoretical insights. The high importance of disclosure
quality and board remuneration is consistent with agency theory, which emphasizes the role of
transparency and incentive alignment in mitigating opportunistic behavior, including aggressive tax
practices. Similarly, the prominence of free float and institutional ownership highlights the
disciplining role of external monitoring mechanisms, aligning with prior corporate governance and
tax avoidance literature. The significance of cash holding levels and earnings smoothing reflects
firms’ liquidity management and reporting discretion as channels through which tax compliance
behavior is shaped. Importantly, the relevance of government ownership and influence, as well as the
Comprehensive Tax Plan (ICTPlan), underscores the institutional dimension of tax compliance in
Iran. These results support frameworks emphasizing tax morale, trust, and enforcement capacity,
suggesting that compliance is not driven solely by firm-level characteristics but also by the credibility
and reach of tax system reforms.
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Table 11. Ranking of factors affecting tax compliance

Algorithm Algorithm Algorithm Algorithm
QUEST CHAID C5.0 CART
s 2 5 2 5 & 2 s 2
g5 2 g 2 g3 2 s .
§ = = ?: = = ?: 5 = -§ 5 Variable
= & N = N - N =
= > &g > & E > o=
Non- Government
0.110 executive 0.190 oyvnershlp gnd 0.520 D1sclo.sure 0.110 Non-executive
board influence in quality board members
members companies
Percentage of
Level of cash institutional Board Cash holding
0.110 holdings 0.170 shareholder 0.210 remuneration 0.110 level
ownership
Percentage of ) Percentage of
institutional Iran's . Free float institutional
0.090 0.150 | comprehensive | 0.170 0.090
shareholder percentage shareholder
. tax plan .
ownership ownership
Government
0.080 | Company size | 0.140 | Profit smoothing | 0.060 oyvnershlp z}nd 0.080 | Company size
influence in
companies
Government Government
0.080 ownershlp gnd 0.100 Dlsclo'sure 0.030 Cash holding 0.080 ownershlp e.md
influence in quality level influence in
companies companies
Profit Percentage of Earnings Operating cash
0.070 Smoothing 0.100 free float shares 0.020 smoothing 0.060 flow
0.060 | OPerating | 6o | Company size | 0.010 | Company size | 0.060 | Lisclosure
) Cash ' ' ) quality
0.060 Dlsclosure 0.050 Level of cash 0.060 Board'
Quality retention remuneration
Non- Non-executive
0.060 Executive 0.020 0.060 Tax burden
Directors board members
0.060 | Tax Burden | 0.010 Board
remuneration

Overall, the findings demonstrated that tax compliance emerges from the interaction between
corporate governance mechanisms and institutional enforcement structures, reinforcing the need for
integrated policy approaches under Iran’s digital tax transformation. The empirical findings can be
interpreted in light of the slippery slope framework and the economic theory of crime. The
prominence of disclosure quality and corporate governance variables reflects the role of transparency
and accountability, which are associated with trust and perceived fairness. At the same time, the
importance of the ICTPlan index and ownership-related variables highlights the role of enforcement
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capacity, monitoring, and institutional power, which are central to the probability of detection and
compliance decisions in the economic theory of crime.

This study is subject to several limitations that should be considered when interpreting the findings.
First, the empirical analysis is based on firms listed on the Tehran Stock Exchange, which, while
providing audited and standardized data and ensuring high internal validity, may limit the
generalizability of the results. Although the Comprehensive Tax Plan represents a nationwide
institutional reform affecting the entire tax system, including infrastructure, digital processes, and
enforcement mechanisms, the behavior of small and informal taxpayers may differ due to lower
transparency and different compliance incentives. Therefore, the findings should be interpreted in the
context of formally listed firms, and caution is warranted when extending them to SMEs and other
taxpayer groups.

Second, the study relies on historical data from a specific time period, which may not fully capture
recent developments in tax administration and digitalization. Third, the analysis is based on proxy
measures for tax compliance and the implementation of the Comprehensive Tax Plan, which,
although grounded in theory and prior research, may not fully reflect underlying behavioral
dimensions.

Based on these limitations, future research could extend the analysis to SMEs and unlisted entities
using administrative or survey-based data, apply alternative machine-learning or econometric
approaches, and incorporate direct behavioral measures to further enrich and validate the findings.
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Economic growth, employment creation, and technical progress are all fueled by expanding
businesses. Many things influence a company's course, but two of the most essential are the likelihood
of future revenue growth and the perceived ease of access to capital. Investment choices, recruitment,
and innovation are influenced by managers' optimism and strategic, forward-looking behavior, as
reflected in revenue growth expectations. Companies' ability to secure working capital, expand their
operations, and withstand economic shocks results from their growth ambitions, which, in turn, are
influenced by their perceptions of access to finance. The capacity to anticipate growth and the
certainty that external funding will be available when required are essential for businesses of any size
to grow sustainably. Despite a wealth of literature on firm-level performance, even less is known
about the interplay between these two crucial dimensions and emerging strategic priorities,
particularly the mitigation of climate change, as well as the moderating effects of leadership and
ownership traits, institutional quality, and macroeconomic circumstances.

There has been a lot of momentum in recent years for the economic rationale of climate change
action. Regulatory demands, stakeholder expectations, or genuine environmental commitment are
driving businesses to adopt techniques such as energy management systems and CO: emission
monitoring. Nevertheless, there is ongoing debate about the relationship between these climate
mitigation efforts and business success. One side of the argument states that energy efficiency should
increase revenue expectations and make credit easier to get because it lowers operational costs,
improves reputational capital, and signals forward-looking management. However, climate initiatives
require upfront investment, and monitoring emissions could put firms at risk of future regulations or
costly transitions, which could make lenders wary or reduce optimism. Creditworthiness and the
ability to attract capital can be improved through proactive mitigation measures such as monitoring
CO: emissions or improving energy efficiency (Eccles and Klimenko, 2019). On the other hand, if
we do nothing to address environmental issues, we risk seeing capital costs rise or our financing
options decline (Flammer, 2021). The importance of financial structure in promoting low-carbon
growth is supported by research from across countries, as presented by De Haas and Popov (2023).
They conclude that broader stock markets accelerate emissions reductions in carbon-intensive
industries by enabling green innovation and the reallocation of investment towards more energy-
efficient sectors. The panel covers 48 countries, 16 industries, and 26 years. The importance of
financial development, and the rise of equity markets in particular, in facilitating the shift to
sustainable growth is highlighted by their findings. To reduce emissions and increase resource
efficiency, businesses must take the lead in adopting mitigation strategies, even while governments
establish legal frameworks (Porter and Van Der Linde, 1995). Stefan and Paul (2008) and Peters and
Romi (2015) are two studies that examined the effects of firm size, sector, governance, and leadership
on environmental behavior. But there are still three major holes. Despite evidence that managerial
and ownership roles vary in power and strategic aims, the unique impact of gender on each is difficult
to separate. The second issue is that in multi-country research, the impact of macroeconomic factors,
such as inflation and average GDP levels, on the adoption of mitigation strategies has largely been
ignored. Thirdly, there has been a lack of systematic research on the financial access conundrum as
it pertains to climate action, wherein actual and perceived credit access differ.

For these conflicting ideas, there is a dearth of empirical evidence, especially from large-scale,
cross-national business surveys. This study fills that need by investigating the potential correlation
between two climate actions CO: monitoring and energy management and improved perceived access
to financing and more accurate revenue growth predictions. Paying close attention to leadership and
ownership traits, particularly gender composition, is essential for understanding firm-level
expectations and climate initiatives. Women business owners and managers may have different risk
tolerances, strategic orientations, and network access than men, according to a growing corpus of
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research. While some research shows that companies run by women are more environmentally
conscious or more profitable, other studies reveal that they are less willing to take financial risks or
face discriminatory lending practices. There is a lack of large-sample cross-national evidence on how
female ownership and leadership influence growth expectations and perceptions of finance, and the
empirical evidence is inconsistent. This study makes a valuable contribution by methodically
examining the potential impact of female top management or a higher percentage of female ownership
on these outcomes. It does this while controlling for a comprehensive set of business and
environmental characteristics.

Institutional context also matters profoundly. Corruption, defined as the abuse of public power for
private gain, is widely recognized as a binding constraint on firm activity. In corrupt environments,
firms may face bribe demands for loan approvals, opaque regulatory enforcement, or unreliable
contracts. Such conditions are likely to depress managerial optimism about future growth and
severely impair perceived access to finance. Yet, the magnitude of corruption's effect relative to other
firm-level and macroeconomic factors has not been extensively quantified across diverse national
contexts. This study provides robust estimates of how perceived corruption, as an operational
obstacle, affects both expected revenue growth and access to financing. Macroeconomic conditions,
particularly GDP and inflation, constitute the broader environment within which firms operate.
Conventional wisdom holds that stronger economic growth boosts firm-level revenue expectations,
while high inflation erodes purchasing power and creates uncertainty, dampening optimism and
tightening credit availability. However, existing research has primarily examined these relationships
using aggregate data or small samples. Whether macroeconomic averages over five- or ten-year
horizons exert independent effects on firm-level perceptions, after controlling for firm characteristics
and institutional factors, remains an open empirical question. This study tests whether long-term GDP
and inflation are significantly associated with expected revenue growth and perceived access to
financing, or whether micro-level and institutional factors dominate these associations. Finally, firm-
level structural characteristics such as size, age, legal status, and sector are well-established correlates
of performance and financial access. Larger firms typically enjoy economies of scale, greater
collateral, and more formal relationships with financial institutions. Older firms may benefit from
reputation and accumulated experience but might also face lower growth ceilings or organizational
inertia. Publicly listed firms and manufacturing enterprises may operate under distinct regulatory and
competitive environments. This study controls for these factors to isolate the unique contributions of
climate actions, gender, corruption, and macroeconomic conditions.

To investigate those relationships, two research questions were posed: “What is the correlation
between the firm’s climate actions and its expected revenue growth?” and “What is the correlation
between the firm’s climate actions and its perceived ease of accessing finance?” To do so, this study
analyzes a unique, large-scale dataset: Round VI of the Business Environment and Enterprise
Performance Survey (BEEPS VI), conducted by the European Bank for Reconstruction and
Development (EBRD), merged with World Bank Open Data on macroeconomic indicators. BEEPS
VI covers approximately 28,000 firms across 41 countries between 2018 and 2020, with detailed
information on climate practices, manager and owner characteristics, perceptions of corruption, and
operational environments. After merging with macroeconomic data and applying sample restrictions,
the analytical sample comprises 21,729 enterprises across 28 countries.

The analysis proceeds in two main parts. First, we examine the correlation between the firm’s
climate actions and its expected revenue growth for the following year. Second, we do the same to
analyze the relationship between the firm’s climate actions and its perceived ease of accessing
finance. By comparing results across these two outcomes, the study illuminates whether factors that
drive growth expectations operate similarly to or differently from those that shape perceptions of
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financing, a distinction with important implications for both managerial practice and public policy.

The remainder of the paper is structured as follows. Section 2 discusses related literature and
hypothesis development. Section 3 describes the empirical strategy, data sources, and variable
construction. Section 4 presents the empirical results and robustness checks and addresses
endogeneity problems. Section 5 discusses the findings and limitations. Section 6 concludes with
important implications.

2. Literature review
2.1. Firm climate change mitigation and expected revenue growth

Energy efficiency measures, the use of renewable energy sources, and emissions monitoring are
all part of climate change mitigation techniques that firms can implement (Porter and Van Der Linde,
1995; Stefan and Paul, 2008). Compliance with regulations, cost savings, stakeholder pressure, and
the desire to improve one's reputation are common motivators for implementing such measures
(Berrone et al., 2012). Because of variations in pricing structures, institutional pressures, and resource
availability, patterns of adoption vary greatly among industries and continents (Kolk and Pinkse,
2005; Hoffman, 2007).

Whether climate mitigation activities are linked to firms' projections of future revenue growth is a
crucial question for this study. Theoretical viewpoints offer contradictory predictions. Energy
management and emissions monitoring, according to the resource-based view, can increase
managerial optimism for future sales by reducing operating expenses, improving efficiency, and
building reputational capital (Porter and Van Der Linde, 1995; Stefan and Paul, 2008). However, such
measures require an initial capital outlay and may prompt future regulatory scrutiny, which could
reduce expectations for immediate expansion. There is a lack of large-scale international studies that
provide empirical evidence for this connection. After adjusting for business characteristics, gender,
corruption, and macroeconomic conditions, this study directly tests whether enterprises that monitor
CO: emissions or employ energy management strategies report better-predicted revenue growth.

Manufacturing companies are more prone to take action to reduce their environmental impact,
according to research (Littlewood et al., 2018). On the other hand, larger, more established companies
have more money to invest in green technology (Geroski, 2000). However, SMEs face specific
challenges, particularly regarding capital, that can hinder their participation in sustainability efforts
(Boso et al., 2013). The empirical analysis uses these patterns as control variables.

2.2. Gender, leadership, and firm performance expectations

There 1s mounting evidence that shows how environmental and social responsibility are correlated
with gender diversity in leadership roles. Greater CSR engagement, stronger environmental
disclosure, and more sustainable decision-making are generally related to female involvement in
ownership and governance. According to Adams and Funk (2012), female leaders are more likely to
prioritize social and environmental goals over financial ones. By extension, this line of thinking
suggests that female leadership may impact expectations for future performance, even if there is little
evidence to support this claim.

Gender may have a different impact on executive and ownership positions, though. According to
Glass et al. (2016), management responsibilities can be constrained by board directives or
organizational culture, whereas ownership positions typically entail the authority to allocate capital
and control strategic decisions. Female directors can influence the adoption of environmental policies,
according to Post and Byron (2015), but only when the organizational structure supports their
authority. This difference has not been thoroughly investigated in cross-national settings, particularly
in developing economies with diverse gender norms and institutional obstacles. To determine whether
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female top management and female ownership percentages have distinct effects on revenue growth
expectations and perceived access to financing, this study disaggregates them.

2.3. Macroeconomic environment: Real GDP growth and inflation

The incentives, capacities, and performance expectations of enterprises regarding environmental
investment are influenced by the macroeconomic context. According to Dasgupta et al. (2002) and
Bowen et al. (2012), there is a correlation between higher GDP levels and improvements in
environmental consciousness, technological capacity, and institutional support for sustainability.
Prosperity enables investments in resilience and low-carbon transitions over the long run, as
Hallegatte and Rozenberg (2017) point out. On the other side, environmental concerns may take a
back seat to economic uncertainty (Barrett and Graddy, 2000). Managerial optimism about firm-level
revenue estimates should be higher in an economy with faster GDP growth and lower in one with
weaker growth. However, there is a lack of data on whether average long-run GDP growth affects
firm-level opinions, even after accounting for firm traits, corruption, and climate initiatives.

An important consideration is inflation, which, according to Fisher (1930) and Bernanke (1983),
can discourage capital-intensive projects such as energy-efficiency upgrades and emissions
monitoring by increasing uncertainty and shortening investment horizons. Managers may start
prioritizing short-term cash flow over long-term sustainability targets if inflationary pressures persist
(Aghion et al., 2010). Budgetary instability is a common cause of inflation. If the government's
finances are precarious, it will not provide the necessary support for climate mitigation. A decline in
purchasing power and an increase in uncertainty and pessimism could be detrimental to anticipated
revenue growth if inflation is too high. If lenders become more risk-averse due to inflation, the supply
of credit could be limited, affecting perceptions of access to finance. Looking at GDP and inflation
averages over five and ten years, this analysis determines whether there is a meaningful relationship
between the two variables.

2.4. Access to finance

Access to finance is a critical enabler of sustainability transitions and firm growth. Firms engaging
in climate-positive behavior can benefit from lower financing costs, improved investor confidence,
and eligibility for green finance instruments (Goyal and Kumar, 2021). Financial institutions are
increasingly integrating ESG metrics into lending decisions (Koélbel et al., 2017), and empirical
evidence shows that sustainability performance correlates with higher credit ratings (Chava, 2014).
If climate actions signal responsible management, firms adopting such measures should perceive
easier access to finance.

2.5. Hypothesis development
2.5.1. Climate change mitigation actions and expected revenue growth

The relationship between corporate environmental practices and firm performance has received
substantial attention in the literature. The resource-based view (RBV) of the firm suggests that
environmental capabilities can become sources of competitive advantage when they are valuable,
rare, and inimitable (Barney, 1991; Hart, 1995). Firms that adopt climate change mitigation actions
such as monitoring CO, emissions and implementing energy management measures may reduce
operational costs, enhance resource efficiency, and preemptively comply with evolving regulations.
These improvements directly boost profitability and, by extension, managerial confidence in future
revenue growth.

Moreover, signaling theory suggests that voluntary environmental actions convey positive
information to stakeholders about management quality and long-term strategic orientation (Connelly
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et al., 2011). A firm that monitors its emissions signals that it is forward-looking, transparent, and
prepared for transition risks. Similarly, energy management signals operational excellence and cost
consciousness. Both signals should enhance managers' expectations for future sales, as they reflect
internal capabilities likely to pay off in the marketplace. We therefore hypothesize:

HI: Firms that adopt climate change mitigation actions are positively associated with expected
revenue growth.

2.5.2. Climate change mitigation actions and perceived access to finance

The relationship between climate actions and access to finance is more complex and potentially
more ambiguous. On the one hand, the sustainable finance literature suggests that strong
environmental practices reduce information asymmetry and signal creditworthiness. Lenders are
increasingly incorporating ESG criteria into credit risk assessments, and firms with robust
environmental management may receive preferential loan terms (Dhaliwal et al., 2011; Eccles and
Klimenko, 2019). Energy management, in particular, directly lowers operating costs, freeing up cash
flow for debt service and improving credit metrics. From this perspective, both CO, monitoring and
energy management should be linked to improved access to finance.

On the other hand, when firms begin measuring their carbon footprint, they may uncover
substantial climate-related risks: dependence on fossil-fuel inputs, energy-intensive production
processes, exposure to carbon taxes, or supply chain disruptions from extreme weather events. In the
absence of mandatory disclosure, many firms avoid monitoring and thus never have to report or
confront their emissions. However, once monitoring begins, firms become aware of their
vulnerabilities and may communicate these risks, directly or indirectly, to lenders. Risk-averse
commercial banks, especially those in emerging markets with limited experience in climate risk
assessment, may respond by tightening credit terms, demanding higher collateral, or rejecting loan
applications.

Thus, a negative association can arise not because monitoring causes worse financial outcomes,
but because it reveals pre-existing risks that lenders then price into credit decisions. This mechanism
is grounded in the literature on asymmetric information and environmental risk (Barth et al., 2008;
Chava, 2014). Banks are known to penalize firms with poor environmental profiles, but the act of
measurement itself can act as a disclosure event. For example, research on the EU Emissions Trading
Scheme shows that firms that first reported their emissions experienced stock price declines not
because emissions changed, but because previously hidden information was revealed (Griffin et al.,
2017). We hypothesize:

H?2: Adopting climate change mitigation actions is negatively associated with perceived ease of
access to finance.

2.5.3. The moderating role of corruption on female leadership: revenue growth vs. access to
finance

The performance implications of female leadership depend critically on institutional context.
Drawing on institutional voids theory (Khanna and Palepu, 2010), we argue that corruption, a severe
institutional void, produces opposing effects on two key outcomes: expected revenue growth and
perceived access to finance.

In corrupt environments, female leaders are often excluded from male-dominated informal
networks (Ibarra, 1992; McGuire, 2002). This exclusion, rather than being purely disadvantageous,
forces them to develop resilient internal substitutes: transparent accounting, formal compliance, and
merit-based practices. Combined with higher risk aversion and lower tolerance for unethical behavior
(Adams and Funk, 2012; Croson and Gneezy, 2009), these capabilities improve operational reliability
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and reduce exposure to bribery-related volatility. Selection effects may also operate, whereby only
the most capable female managers rise to top positions in highly corrupt settings (Ryan and Haslam,
2005). Consequently, female leadership is associated with stronger revenue growth expectations in
high-corruption environments.

However, the effect on perceived access to finance operates in the opposite direction. Bank loan
officers in corrupt environments are embedded in the same male-dominated networks. Loan approvals
are often discretionary and require informal facilitation or bribes (Rajan and Zingales, 1998; Allen et
al., 2005). Female executives, lacking these connections, are systematically disadvantaged.
Moreover, the transparency and formalization that drive operational resilience may be penalized by
corrupt lenders, who view such firms as "difficult" or "rigid." In clean, rule-based environments, this
disadvantage disappears, and female leaders may even benefit from their firms' better governance.
Thus, a paradoxical pattern emerges: female leaders perform better on growth expectations but worse
on access to financing in corrupt settings. We hence pose the following hypotheses:

H3: The association between female top managers and expected revenue growth is moderated by
perceived corruption, such that the positive association is stronger in high-corruption environments.

HA4: The association between female top managers and perceived ease of accessing finance is
moderated by perceived corruption, such that the positive association in low-corruption environments
weakens or reverses in high-corruption environments.

3. Methodology and data description
3.1. Methodology

To answer the two research questions, Models 1 and 2 were adopted for expected growth and
perceived access to finance, respectively. Ordinary Least Squares (OLS) was applied as the method.
Besides that, we also weighted by the total population of the country where the firm is based.

REVINCR; = « + B;ACTION; + B,F_OWN; + B;F_TMAGER; + 8, TMANAGER_EXP; +
BsFIRM; + BcCOUNTRY; + p; + FE (Area) + FE (Year) (Model 1)

FACCESS; = o + B;ACTION; + 8,F_OWN; + B;F_TMAGER; + B,TMANAGER_EXP, +
B<FIRM; + BcCOUNTRY; + y; + FE (Area) + FE (Year) (Model 2)

where

- REVINCR, refers to whether the firm i expects its total sales to increase in the following year.
- FACCESS; relates to the firm 1’s perceived ease of accessing finance.

- ACTION; is climate change mitigation actions.

- F_OWN,; is the percentage of female ownership for firm i

- F_TMAGER; refers to whether firm i has a female top manager.
-TMANAGER_EXP; is a variable for the experience of the top manager.

- FIRM,; 1s a set of control variables for the firm 1 ’s characteristics.

- COUNTRY; is a set of control variables for the country where firm i is located.
- Y 1S an error term.

- FE (Area) are the geographical area’s fixed effects.

- FE (Year) are year fixed effects.

3.2. Data description

The dataset draws on two complementary sources: Round VI of the Business Environment and
Enterprise Performance Survey (BEEPS VI), conducted by the European Bank for Reconstruction
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and Development (EBRD), and World Bank Open Data. BEEPS VI gathered responses from
approximately 28,000 firms across 41 countries between 2018 and 2020, using face-to-face
interviews with managers. The survey captures detailed information on firm-level access to credit,
expected revenue growth, climate change mitigation actions, owner and manager characteristics, and
the broader operational environment. Merging these sources yields a rich and diverse sample of
21,729 enterprises across 28 countries', covering the period 2018-2020. The following outlines how
these data are used to construct the variables in our analysis.

3.2.1. Expected Revenue Growth (REVINCR)

The variable (REVINCR) captures whether a firm expects its total sales to increase in the following
year. It is constructed from the BEEPS VI question: “Considering the next year, are this
establishment’s total sales expected to increase, decrease, or stay the same?” Responses are coded as
1 for “Increase” and 0 for “Decrease” or “Stay the same.”

3.2.2. Perceived Ease of Access to Finance (FACCESS)

The variable (FACCESS) measures the firm’s perception of how easily it can access finance. It
uses the BEEPS VI question: “To what degree is access to finance an obstacle to the current
operations of this establishment?” Possible answers range from “No obstacle” to “Very severe
obstacle.” We code responses as follows: 0 for “Very severe obstacle”, 1 for “Major obstacle”, 2 for
“Moderate obstacle”, 3 for “Minor obstacle”, 4 for “No obstacle.” Higher values indicate that the firm
perceives access to finance as less of an obstacle, implying easier access to financing.

3.2.3. Climate Change Mitigation Actions (ACTION)
Two dummy variables are created based on BEEPS VI questions about firms’ climate change

mitigation actions:

e  CO2MONITOR: Derived from “Over the last three years, did this establishment monitor its CO,
emissions?” It is coded as 1 for “Yes,” 0 for “No.”

e  ENERGYM: Derived from the question “Over the last three years, did this establishment adopt
energy management measures?” It is coded as 1 for “Yes,” 0 for “No.”

e Together, these variables indicate whether a firm has engaged in energy management or
emissions monitoring, both central to climate change mitigation.

3.2.4. Female Leadership and Ownership (F_ OWN, F TMAGER and TMANAGER_ EXP)
For female leadership and ownership, we create the following based on answers to questions of
the BEEPS VI:

e F OWN: The percentage of the firm owned by females, based on the question: “What
percentage of the firm is owned by females?”

e F TMAGER: A dummy variable coded as 1 if the top manager is female and 0 if male. Gender
has been shown to influence managerial decision-making, particularly regarding sustainability
and innovation (Adams and Funk, 2012). The variable is constructed from the question “Is the
Top Manager female?”

o TMANAGER EXP: The number of years of experience the top manager has in the industry,
logged to account for diminishing returns. More experienced managers may bring greater

128 countries include Albania; Azerbaijan; Belarus; Bosnia and Herz.; Bulgaria; Croatia; Czechia; Egypt; Georgia;
Greece; Hungary; Italy; Jordan; Kazakhstan; Kyrgyzstan; Lebanon; Lithuania; Poland; Portugal; Romania; Russia;
Serbia; Slovak Rep.; Slovenia; Tajikistan; Tunisia; Turkiye; and Ukraine.
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expertise and networks, positively influencing climate mitigation and financial access
(Hambrick and Mason, 1984; Boone and Hendriks, 2009). This variable is derived from the
question “How many years of experience working in this sector does the Top Manager
have?” and then log-transformed.

3.2.5. Firm-Level Control Variables (FIRM)

Several firm-specific characteristics are included to account for factors that may influence both
expected revenue growth and perceived access to finance:

e LNREVENUE: The natural logarithm of last year’s total sales, based on the question: “In the
last fiscal year, what were this establishment’s total annual sales for all products and services?”

e LNAGE: The natural logarithm of the firm’s age, calculated as the survey year minus the year
the firm began operations (from the question “In what year did this establishment begin
operations?”).

e LISTED: A dummy variable indicating whether the firm is publicly listed, based on the
question “What is this firm’s current legal status?” It is coded as 1 for “Shareholding Company
with shares traded in the stock market” and 0 for all other legal statuses (e.g., sole proprietorship,
partnership, non-traded shares).

e MSME: A dummy variable for micro, small, or medium-sized enterprises. It is coded as 1 for
“Micro,” “Small,” or “Medium” and 0 for “Large.” SMEs often face greater resource constraints
and barriers to financing (Boso et al., 2013).

o  MANUF: A dummy variable for manufacturing firms, coded as 1 for “Manufacturing” and 0 for
other sectors (e.g., services, wholesale/retail, construction). Manufacturing firms typically have
larger environmental footprints and distinct financial needs.

o WEATHER: A dummy variable indicating whether the firm has experienced monetary losses
due to extreme weather events (e.g., storms, floods, droughts, landslides) over the last three
years. Based on the corresponding survey question, coded as 1 for “Yes,” 0 for “No.”

3.2.6. Country-Level Control Variables (COUNTRY)

The following country-level variables are included to account for broader economic conditions:

e GGIY, GG5Y, GGI0Y: One-year, five-year, and ten-year average real GDP growth rates of the
country where the firm operates.

e INFI1Y, INF5Y, INFI10Y: One-year, five-year, and ten-year average inflation rates of the country
where the firm is based.

Why do we choose five-year and ten-year averages? Top managers update their beliefs about
future sales and financing conditions using all available information, including their accumulated
experience of past macroeconomic volatility and long-run trends. Drawing on experience-based
learning (Malmendier and Nagel, 2011; Malmendier and Shen, 2024), top managers who have lived
through decades of stable growth or high inflation form different expectations from those who have
experienced repeated recessions, even when current conditions are identical. Moreover,
macroeconomic regimes exhibit substantial persistence, meaning that 5-year and 10-year averages
capture deep structural features, such as institutional quality and the investment climate, that shape
firms' long-term planning horizons. For these reasons, long-term averages are theoretically
appropriate and often more informative than volatile short-term measures for explaining firm-level
expectations and perceptions. In addition to long-term averages, we also include one-year averages
for both GDP growth and inflation as an alternative specification.

Those are obtained from the World Bank Open Data and the IMF Data.
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CORRUPT: Perception of corruption as an obstacle, based on the BEEPS VI question: “To what
degree is corruption an obstacle to the current operations of this establishment?”” Responses are coded
as: 4 for “Very severe obstacle”, 3 for “Major obstacle”, 2 for “Moderate obstacle”, 1 for “Minor
obstacle”, 0 for “No obstacle.” Higher values indicate a more severe perceived obstacle.

Tables 1 and 2 below provide variable definitions and summary statistics, respectively.

Table 1. Variable description

Name Definition Source
Expected Revenue Growth
A dummy variable of whether a firm expects its total sales to increase in the
REVINCR following year, coded 1 for “Increase” and 0 for “Decrease” or “Stay the same.” BEEPS VI
Perceived Ease of Access to Finance
Firm’s perception that access to finance is not an obstacle. It is coded as 0 for “Very
FACCESS severe obstacle", 1 for "Major obstacle", 2 for "Moderate obstacle", 3 for "Minor BEEPS VI
obstacle" and 4 for "No obstacle".
Variables of firm climate change mitigation action
CO2MONITOR Dummy =1 if the firm monitors its CO, emissions; 0 otherwise. BEEPS VI
ENERGYM Dummy =1 if the firm adopts measures for energy management; 0 otherwise. BEEPS VI
Variable of female ownership
F OWN The percentage of the firm owned by females BEEPS VI
Variables for the firm top manager’s characteristics
F TMAGER Dummy=1 if the top manager is female; 0 otherwise. BEEPS VI
;l"(l;:[ANAGER_E Logarithm of the top manager's years of experience in the sector. BEEPS VI
Control variables for firm characteristics
LNREVENUE The natural logarithm of last year’s total sales BEEPS VI
LNAGE Logarithm of the firm’s age. BEEPS VI
LISTED Dummy = 1 if the firm is listed in a stock market; 0 otherwise. BEEPS VI
MSME ODt?lI;&ifs e: 1 if the firm is a micro, small, and medium-sized enterprise (MSME); 0 BEEPS VI
MANUF Dummy = 1 if the firm is in the manufacturing sector; 0 otherwise. BEEPS VI
WEATHER Dummy = 1 if the firm experiences monetary losses from extreme weather events; 0 BEEPS VI
otherwise.
Control variables for country
GG1Y, GG5Y, Average one-year, five-year, and ten-year real GDP growth of the country where the
WBOD, IMF
GG10Y firm operates.
%EEB%’(INFSY’ Average five-year and ten-year inflation rates of the country where the firm operates. WBOD
The perception of the country's corruption. It is coded as 4 for “Very severe
CORRUPT obstacle", 3 for "Major obstacle", 2 for "Moderate obstacle", 1 for "Minor obstacle" BEEPS VI

and 0 for "No obstacle".

4. Empirical results

4.1. The correlation between the firm’s climate actions and its expected revenue growth for the

next year

Table 3 below presents the estimation results for the determinants of a firm’s expectation of

increased total sales in the following year (REVINCR). Six specifications are reported, differing in
the inclusion of short-term (one-year), medium-term (five-year), and long-term (ten-year) average
macroeconomic controls, namely real GDP growth and inflation. All include area and year fixed
effects and are weighted by population, with robust standard errors.

Table 2. Descriptive statistics of the variables
Variable Obs Mean  Std. Dev. Min Max
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REVINCR 20,810  0.520 0.500 0.000 1.000
FACCESS 21,251 2.740 1.260 0.000  4.000
CO2ZMONITOR 21,091  0.040 0.200 0.000 1.000
ENERGYM 21,415 0.300 0.460 0.000 1.000
TMANAGER EXP 21,198 20.850  11.540 1.000 70

F TMAGER 21,702 0.160 0.360 0.000 1.000
F OWN 21,208 15.610  31.260 0.000 100

LNREVENUE 19,516 12.990 3.050 -0.530 27.360
LNAGE 21,542 2.770 0.750 0.000  5.310
LISTED 21,567 0.070 0.260 0.000 1.000
MSME 21,698 0.780 0.410 0.000 1.000
MANUF 21,729 0.590 0.490 0.000 1.000
WEATHER 21,340 0.070 0.260 0.000 1.000
CORRUPT 20,010 1.420 1.410 0.000  4.000
GG1Y 21,729  2.520 3.500 -26.800  7.400
INF1Y 21,377 5.550 4.440 0.340 16.330
GG5Y 21,729  2.860 1.970 -1.620  6.860
INF5Y 21,729  6.370 6.380 -0.730  20.010
GG10Y 21,729 3.110 1.960 -0.980  8.830
INF10Y 21,729 6.190 5.020 0.600  21.580

The two climate change mitigation actions show strong positive associations with expected
revenue growth. Specifically, firms that monitored their CO, emissions over the previous three years
(CO2MONITOR) are approximately 7.9 percentage points more likely to expect an increase in sales
in the coming year, holding all other variables constant. The effect is even larger for energy
management measures (ENERGYM), which increases the probability of expecting revenue growth
by about 11.4 percentage points. Both coefficients are statistically significant at the one percent level
across all specifications, and their magnitude remains remarkably stable when controlling for
different macroeconomic horizons. This suggests that proactive environmental practices are robustly
correlated with managerial optimism regarding future sales.

Turning to gender-related leadership variables, the findings reveal contrasting patterns. A female
top manager (F TMAGER) is associated with a 4.7-percentage-point higher probability of expecting
revenue growth. In contrast, the percentage of female ownership (F_ OWN) exhibits a small but
statistically significant negative coefficient of approximately —0.001, implying that a ten-percentage-
point increase in female ownership reduces the likelihood of expecting growth by only 0.1 percentage
point, economically negligible, though precisely estimated.

Among firm-level control variables, several patterns emerge. Larger firms, as measured by log
annual revenue (LNREVENUE), are more optimistic, with a coefficient of approximately 0.04.
Conversely, older firms (LNAGE) are significantly less optimistic, reducing the likelihood of
expecting growth by about 6 percentage points per unit increase in log age. Being publicly listed
(LISTED) is weakly negatively associated with growth expectations (coefficient = —0.029), while
micro, small, and medium enterprises (MSMESs) are also less optimistic than large firms, with
coefficients of —0.017 to —0.022 that are significant at conventional levels in most specifications.
Manufacturing firms (MANUF) show a weak negative effect (—0.014 to —0.015). Having experienced
monetary losses due to extreme weather events (WEATHER) is negatively associated with growth
expectations only in models including ENERGYM (coefficient = —0.038), but not in CO2MONITOR
models, offering only partial support for the role of weather-related shocks.
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Table 3. The correlation between the firm’s climate actions and its expected increase in total sales for next year
REVINCR REVINCR REVINCR REVINCR REVINCR REVINCR
Model 1 Model 1 Model 1 Model 1 Model 1 Model 1

OLS OLS OLS OLS OLS OLS
(1) (2) (3) 4) (5) (6)
CO2MONITOR 0.079"" 0.078"" 0.079""
(0.000) (0.000) (0.000)
ENERGYM 0.114™ 0.114™ 0.114™
(0.000) (0.000) (0.000)
TMANAGER EXP -0.000 -0.000 -0.000 -0.000 -0.000 -0.000
(0.831) (0.354) (0.881) (0.387) (0.878) (0.385)
F TMAGER 0.047"" 0.047" 0.047"" 0.046™ 0.047"" 0.047""
(0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
F OWN -0.001™" -0.001™" -0.001™" -0.001™" -0.001™* -0.001™*
(0.002) (0.004) (0.002) (0.004) (0.002) (0.003)
LNREVENUE 0.040"" 0.038™ 0.040"" 0.038™ 0.040"" 0.038™
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
LNAGE -0.060™" -0.057™" -0.060™" -0.057™" -0.060™" -0.057™"
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
LISTED -0.029" -0.029* -0.029" -0.029* -0.028" -0.029"
(0.090) (0.079) (0.089) (0.080) (0.094) (0.085)
MSME -0.022™ -0.018" -0.021" -0.017 -0.021" -0.017
(0.041) (0.096) (0.051) (0.116) (0.051) (0.115)
MANUF -0.015" -0.015" -0.015" -0.014" -0.015" -0.014"
(0.057) (0.059) (0.063) (0.065) (0.063) (0.065)
WEATHER -0.026 -0.039™ -0.025 -0.038™ -0.025 -0.038™
(0.183) (0.045) (0.202) (0.048) (0.198) (0.047)
CORRUPT -0.019™" -0.018™" -0.019™" -0.019™" -0.019™" -0.019™"
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
GG1Y 0.008 0.008
(0.223) (0.220)
INF1Y -0.018" -0.017™
(0.028) (0.035)
GG5Y 0.001 0.001
(0.986) (0.969)
INF5Y -0.051™ -0.049™
(0.015) (0.018)
GG10Y -0.060 -0.056
(0.454) (0.477)
INF10Y -0.091" -0.088""
(0.029) (0.034)
Constant 0.222** 0.220" 0.202* 0.200" 0.647 0.623
(0.016) (0.016) (0.053) (0.053) (0.134) (0.1406)
Area FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes
Weighted by population Yes Yes Yes Yes Yes Yes
Observations 16046 16201 16238 16397 16238 16397
Adjusted R? 0.159 0.166 0.158 0.165 0.158 0.165

p-values in parentheses
"p<0.1,"p<0.05 " p<0.01

Perceived corruption as an obstacle (CORRUPT) is among the most robust negative predictors. A
one-unit increase in the corruption obstacle scale (where higher values indicate more severe obstacles)
reduces the probability of expecting revenue growth by approximately 1.8 to 1.9 percentage points.
This suggests that firms operating in more corrupt environments are systematically more pessimistic
about future sales.

Macroeconomic controls exhibit an interesting pattern. Inflation averages, whether one-year,
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five-year, or ten-year, are consistently negative and significant, with coefficients ranging from —0.017
(one-year) to —0.091 (ten-year). This indicates that firms in countries with higher past inflation are
less likely to expect revenue growth, regardless of the time horizon considered. In contrast, real GDP
growth rates (GG1Y, GG5Y, and GG10Y) are never statistically significant at conventional levels,
although the ten-year coefficient is negative and marginally insignificant.

Table 4 below re-estimates the same six specifications as Table 3 but introduces an interaction
term between female top manager (F_ TMAGER) and perceived corruption (CORRUPT). This
interaction reveals a nuanced conditional relationship that was masked in the simpler model. In Table
3, female top managers were unconditionally associated with a 4.7 percentage-point higher
probability of expecting revenue growth. However, Table 4 demonstrates that this apparent advantage
is entirely driven by firms operating in corrupt environments. When corruption is perceived as no
obstacle, female-led firms show no significant difference from male-led firms. Conversely, as
corruption becomes more severe, the positive effect of having a female top manager increases
substantially. For a firm facing very severe corruption (CORRUPT = 4), a female top manager raises
the likelihood of expecting sales growth by approximately 13.1 percentage points relative to a
male-led firm. Moreover, corruption imposes a 2.2 percentage point penalty per unit increase on
male-led firms, whereas female-led firms are essentially insulated from this penalty. We also conduct
a significance test for the marginal effect. Table 5 below shows that female-led firms have an expected
revenue growth of 60.4% on average across all levels of corruption. In other words, female-led firms
outperform male-led firms by 4.6 percentage points on average.

The positive and significant interaction suggests that the advantage of female leadership for
revenue expectations is not universal but emerges specifically in institutionally weak environments
where corruption is a severe obstacle. To understand why, we draw on the institutional voids
theory (Khanna and Palepu, 2010). When formal institutions fail, female leaders excluded from
corrupt male networks develop resilient internal capabilities as substitutes. They invest in transparent
accounting, formal compliance, process efficiency, and human capital, creating organizational
architectures that operate predictably despite external corruption. These internal capabilities improve
operational reliability and reduce costs, directly supporting revenue growth. Additionally, female
executives build alternative informal networks, such as women's business associations, cross-sector
alliances, and connections with impact investors, that provide access to non-traditional financing and
information on corruption avoidance (Smallbone, 2006). This finding is also consistent with theories
that female managers exhibit higher risk aversion and lower tolerance for unethical practices (Adams
and Funk, 2012), leading them to avoid costly bribery and instead build formal institutional
capabilities that prove resilient when corruption disrupts informal networks. Furthermore, selection
effects may operate, and only the most capable female managers rise to top positions in corrupt
settings (Ryan and Haslam, 2005). Consequently, female-led firms in highly corrupt environments
are associated with greater optimism about future sales, whereas in clean environments no
performance difference is observed.

Table 4. The correlation between the firm’s climate actions and its expected increase in total sales for next
year, adding the interaction between the female top manager and perceived corruption
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REVINCR REVINCR REVINCR REVINCR REVINCR REVINCR

OLS OLS OLS OLS OLS OLS
Model 1 Model 1 Model 1 Model 1 Model 1 Model 1
(1) (2) (3) 4) (5) (6)
CO2MONITOR 0.078" 0.077"" 0.078™"
(0.000) (0.000) (0.000)
ENERGY 0.114™ 0.114™ 0.114™
(0.000) (0.000) (0.000)
TMAGER _EXP -0.000 -0.000 -0.000 -0.000 -0.000 -0.000
(0.826) (0.349) (0.876) (0.382) (0.873) (0.379)
F TMAGER x CORRUPT  0.032"*" 0.034™" 0.031"*" 0.034™" 0.031"* 0.034™"
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
F TMAGER -0.001 -0.005 -0.001 -0.005 -0.001 -0.005
(0.955) (0.804) (0.954) (0.807) (0.962) (0.813)
F OWN -0.000™" -0.000™ -0.001™" -0.000™" -0.001™" -0.000™"
(0.006) (0.010) (0.005) (0.009) (0.005) (0.009)
LNREVENUE 0.040"™ 0.038™ 0.040"" 0.038™ 0.040™ 0.038™
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
LNAGE -0.059™* -0.057™" -0.060™" -0.057™" -0.060™" -0.057™"
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
LISTED -0.028" -0.029" -0.028" -0.029" -0.028" -0.028"
(0.094) (0.082) (0.092) (0.082) (0.098) (0.088)
MSME -0.022™ -0.018" -0.021" -0.016 -0.021" -0.017
(0.042) (0.097) (0.052) (0.118) (0.051) (0.117)
MANUF -0.016™ -0.015™ -0.015" -0.015" -0.015" -0.015"
(0.049) (0.048) (0.054) (0.054) (0.054) (0.054)
WEATHER -0.026 -0.039™ -0.025 -0.038™ -0.025 -0.038™
(0.184) (0.044) (0.203) (0.048) (0.198) (0.046)
CORRUPT -0.022™* -0.022™* -0.022™* -0.022™" -0.022™* -0.022™
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
GG1Y 0.008 0.008
(0.225) (0.223)
INF1Y -0.018™ -0.017™
(0.027) (0.033)
GGS5Y 0.000 0.001
(0.991) (0.974)
INF5Y -0.051™ -0.049™
(0.014) (0.017)
GG10Y -0.060 -0.057
(0.448) (0.469)
INF10Y -0.092*" -0.088™
(0.028) (0.032)
Constant 0.229** 0.227* 0.208" 0.206™ 0.658 0.636
(0.014) (0.013) (0.047) (0.046) 0.127) (0.137)
Area FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes
Weighted by population Yes Yes Yes Yes Yes Yes
Observations 16046 16201 16238 16397 16238 16397
Adjusted R? 0.160 0.167 0.159 0.166 0.159 0.166

p-values in parentheses
*p<0.1,"p<0.05 " p<0.01

Table 5. Test of significance for the marginal effect

Dependent variable: Delta-method
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REVINCR Margin Std. Err. t P>t [95% Conf. Interval]
F TMAGER

0 (Male) 0.558 0.004 139.84 0 0.550 0.565

1 (Female) 0.604 0.014 43.27 0 0.577 0.632

4.2. The correlation between the firm’s climate actions and its perceived ease of accessing
finance

Table 6 below presents the estimation results for the determinants of a firm's perceived ease of
access to finance (FACCESS), with higher values indicating less difficulty obtaining financing. Six
specifications are reported, differing in the inclusion of one-year, five-year, and ten-year average
macroeconomic controls (real GDP growth and inflation). All included area and year fixed effects
are weighted by population.

Turning first to climate change mitigation actions, a striking and unexpected pattern emerges.
Firms that monitor their CO, emissions (CO2MONITOR) perceive significantly worse access to
finance, with a coefficient of approximately —0.107 across all specifications. This implies that CO,
monitoring is associated with a reduction in perceived financing ease of about one-tenth of a point on
the four-point scale, holding other factors constant. The negative effect of CO, monitoring on
financing perceptions may reflect that firms that monitor CO, emissions perceive worse access to
finance. In contrast, the adoption of energy management measures (ENERGYM) shows no
statistically significant association with FACCESS.

Regarding managerial characteristics, the top manager's industry experience (TMANAGER_EXP)
exhibits a small but consistently positive and statistically significant effect across all columns
(coefficient = 0.002). Although the magnitude is modest, the robustness of this finding suggests that
more experienced managers are better able to navigate financial markets, likely through accumulated
networks, reputation, and knowledge of financing sources.

Larger firms, as measured by log annual revenue (LNREVENUE), perceive significantly easier
access to finance, with a coefficient of approximately 0.020. This aligns with the well-established
literature showing that larger firms possess more collateral, formal financial documentation, and
bargaining power with lenders. Micro, small, and medium enterprises (MSMESs) have worse access
to finance than large firms, with coefficients of approximately —0.044 to —0.045 that are marginally
significant. This finding is consistent with the extensive literature on SME financing constraints.

One of the most robust effects in Table 6 comes from weather-related shocks. Firms that
experienced monetary losses due to extreme weather events (WEATHER) over the previous three
years perceive substantially worse access to finance, with coefficients ranging from —0.156 to —0.166.
This reduction of approximately 0.16 points on the FACCESS scale is economically meaningful. The
likely mechanism is that weather shocks damage firms' assets, reduce profitability, and increase firms'
perceived riskiness from a lender's perspective.

Perceived corruption (CORRUPT) emerges as a negative predictor of access to financing. A
one-unit increase in the corruption obstacle scale (where higher values indicate more severe obstacles)
reduces perceived ease of access to finance by approximately 0.190 to 0.191 points. This suggests
that corruption directly and severely impedes firms' ability to obtain financing. In corrupt
environments, firms may face demands for bribes to secure loans, contract enforcement becomes
unreliable, and lenders perceive higher country risk, all of which worsen perceptions of financing.

Finally, macroeconomic variables exhibit no statistically significant relationships with FACCESS.
Neither one-year, five-year, nor ten-year averages of real GDP growth or inflation are statistically
significant.

Table 6. The correlation between the firm’s climate actions and its perceived ease of accessing finance
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FACCESS FACCESS FACCESS FACCESS FACCESS FACCESS

OLS OLS OLS OLS OLS OLS
Model 2 Model 2 Model 2 Model 2 Model 2 Model 2
(1) (2) (3) 4) (5) (6)
CO2MONITOR -0.106™ -0.107™ -0.107™
(0.035) (0.033) (0.032)
ENERGYM 0.010 0.009 0.009
(0.657) (0.684) (0.681)
TMANAGER EXP 0.002™ 0.002™ 0.002™ 0.002™ 0.002™ 0.002™
(0.022) (0.026) (0.025) (0.029) (0.025) (0.029)
F TMAGER 0.042 0.041 0.042 0.040 0.042 0.040
(0.219) (0.235) (0.224) 0.241) (0.224) (0.240)
F OWN -0.000 -0.000 -0.000 -0.000 -0.000 -0.000
(0.671) (0.726) (0.665) (0.721) (0.666) (0.722)
LNREVENUE 0.020™ 0.019"" 0.020™ 0.019"" 0.020™ 0.019™
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
LNAGE -0.003 -0.003 -0.003 -0.003 -0.003 -0.003
(0.830) (0.851) (0.824) (0.845) (0.815) (0.836)
LISTED -0.034 -0.027 -0.034 -0.027 -0.034 -0.027
(0.377) (0.482) (0.368) (0.470) (0.368) (0.469)
MSME -0.044" -0.037 -0.045" -0.038 -0.045" -0.038
(0.069) (0.119) (0.061) (0.105) (0.061) (0.105)
MANUF -0.021 -0.025 -0.022 -0.025 -0.022 -0.025
(0.230) (0.162) (0.221) (0.155) (0.219) (0.153)
WEATHER -0.156™  -0.166™"  -0.156™"  -0.166"™"  -0.156""" -0.165™
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
CORRUPT -0.190™  -0.191™  -0.190™"  -0.191™  -0.190"" -0.191™
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
GGlY 0.013 0.012
(0.395) (0.438)
INF1Y 0.013 0.012
(0.488) (0.530)
GG5Y 0.037 0.038
(0.675) (0.665)
INF5Y -0.012 -0.016
(0.790) (0.734)
GG10Y 0.126 0.137
(0.483) (0.443)
INF10Y 0.049 0.043
(0.603) (0.646)
Constant 2.678" 2.701° 2.630"" 2.646™" 2.001™ 1.968™
(0.000) (0.000) (0.000) (0.000) (0.040) (0.043)
Area FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes
Weighted by population Yes Yes Yes Yes Yes Yes
Observations 16361 16524 16554 16721 16554 16721
Adjusted R? 0.268 0.268 0.268 0.268 0.268 0.268

Table 7 below presents the interaction between female top managers and perceived corruption for perceived
ease of access to finance (FACCESS). The interaction coefficient is negative and statistically significant
(approximately —0.050), while the main effect of a female top manager becomes positive and significant
(approximately 0.115). This implies that female-led firms enjoy substantially better perceived access to finance
than male-led firms only in low-corruption environments. As corruption becomes more severe, this advantage
diminishes and eventually reverses: at very high levels of corruption (CORRUPT = 4), female-led firms
perceive their access as approximately 0.085 points worse than that of male-led firms. Moreover, corruption
imposes a larger penalty on female-led firms: a one-unit increase in corruption reduces FACCESS by 0.235
points for female-led firms compared to 0.185 points for male-led firms. However, when we conduct a
significance test for the marginal effect, the results show that female-led firms have a predicted FACCESS
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score of 2.675 on average across all corruption levels. In other words, female-led firms have slightly
higher perceived ease of accessing finance (+0.034) than male-led firms on average (see Table 8)
Table 7. The correlation between the firm’s climate actions and its perceived ease of accessing finance,
adding the interaction term between female top manager and perceived corruption
FACCESS FACCESS FACCESS FACCESS FACCESS FACCESS

OLS OLS OLS OLS OLS OLS
Model 2 Model 2 Model 2 Model 2 Model 2 Model 2
(1) (2) (3) 4) (5) (6)
CO2MONITOR -0.104™ -0.105™ -0.106™
(0.038) (0.035) (0.034)
ENERGY 0.010 0.009 0.009
(0.663) (0.691) (0.687)
TMAGER EXP 0.002™ 0.002™ 0.002™ 0.002™ 0.002™ 0.002*

(0.023) (0.026) (0.026) (0.029) (0.026) (0.030)
F TMAGER x CORRUPT  -0.047""  -0.052""  -0.047""  -0.052"""  -0.047"  -0.052""
(0.012) (0.005) (0.012) (0.005) (0.012) (0.005)

F TMAGER 0.113* 0.119"" 0.112* 0.118™ 0.112™ 0.118™
(0.011) (0.007) (0.011) (0.007) (0.011) (0.007)
F OWN -0.000 -0.000 -0.000 -0.000 -0.000 -0.000
(0.534) (0.575) (0.527) (0.569) (0.528) (0.570)
LNREVENUE 0.021™ 0.019"" 0.020™ 0.019"™ 0.021* 0.019"
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
LNAGE -0.003 -0.003 -0.003 -0.003 -0.003 -0.003
(0.821) (0.837) (0.814) (0.831) (0.806) (0.821)
LISTED -0.034 -0.027 -0.035 -0.028 -0.035 -0.028
(0.371) (0.476) (0.363) (0.464) (0.362) (0.464)
MSME -0.044" -0.037 -0.045" -0.038 -0.045" -0.038
(0.069) (0.119) (0.061) (0.105) (0.061) (0.105)
MANUF -0.021 -0.024 -0.021 -0.024 -0.021 -0.024
(0.245) (0.178) (0.235) (0.170) (0.234) (0.168)
WEATHER -0.155™  -0.165™"  -0.156™"  -0.165™"  -0.155""  -0.165™"
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
CORRUPT -0.185™  -0.185™"  -0.185™"  -0.185™"  -0.185"  -0.185™"
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
GG1Y 0.013 0.012
(0.391) (0.434)
INF1Y 0.013 0.012
(0.482) (0.522)
GGS5Y 0.037 0.038
(0.675) (0.666)
INF5Y -0.012 -0.015
(0.801) (0.748)
GG10Y 0.127 0.138
(0.480) (0.440)
INF10Y 0.050 0.044
(0.594) (0.635)
Constant 2.669™ 2.690"" 2.622 2.636™" 1.986™ 1.950™
(0.000) (0.000) (0.000) (0.000) (0.041) (0.044)
Area FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes
Weighted by population Yes Yes Yes Yes Yes Yes
Observations 16361 16524 16554 16721 16554 16721
Adjusted R? 0.268 0.269 0.269 0.269 0.269 0.269

p-values in parentheses
"p<0.1,"p<0.05 " p<0.01

Table 8. Test of significance for the marginal effect
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Dependent variable: Delta-method

FACCESS Margin Std. Err. t P>t [95% Conf. Interval]
F TMAGER

0 2.641 0.009 29433 0 2.623 2.658
1 2.675 0.032 84.83 0 2.613 2.737

4.3. Robustness checks

To assess the robustness of our main findings, the baseline models were re-estimated using
alternative econometric specifications. Specifically, a probit model was employed for expected
revenue growth (REVINCR) in Model 1 because REVINCR has 2 values: 0 and 1. It is coded as 1
for “Increase” and 0 for “Decrease” or “Stay the same.” For Model 2, an ordered probit model was
adopted for perceived ease of access to finance (FACCESS) because it is an ordinal variable ranging
from 0 (“Very severe obstacle”) to 4 (“No obstacle”). All specifications included country fixed effects
and country-level clustering.

Overall, the core results remain robust. As shown in Table 9, the two climate change mitigation
actions, such as monitoring CO: emissions (CO2MONITOR) and adopting energy management
measures (ENERGYM), continue to exhibit strong positive associations with expected revenue
growth. When we introduce the interaction term between female top manager and perceived
corruption (see Table 10), both CO2MONITOR and ENERGYM retain their positive and significant
associations with expected revenue growth. However, the interaction term itself becomes statistically
insignificant.

Turning to the relationship between climate actions and perceived access to finance (see Table
11), CO, emissions (CO2MONITOR) continue to show a significant negative association with
perceived access to finance (FACCESS). Meanwhile, energy management measures (ENERGYM)
show no statistically significant correlation with FACCESS. After including the interaction between
female top manager and perceived corruption (see Table 12), the interaction term remains negatively
associated with perceived access to finance. However, it does not materially change the main results.

Moreover, the variable CORRUPT is not mean-centered. For the robustness test, a new variable
named CORRUPT _C was created to center it. Then we redo the analysis, and the key findings remain
robust (see Tables 13 and 14).

Table 9. The robustness check for the correlation between the firm’s climate actions and its expected
increase in total sales for next year, using the probit method

REVINCR REVINCR REVINCR REVINCR REVINCR REVINCR
Model 1 Model 1 Model 1 Model 1 Model 1 Model 1

probit probit probit probit probit probit
€)) (2) 3) 4) ) (6)
CO2MONITOR 0.350"" 0.349™ 0.350™
(0.000) (0.000) (0.000)
ENERGY 0.283™" 0.283™" 0.284™"
(0.000) (0.000) (0.000)
TMAGER_EXP -0.003" -0.004™ -0.003" -0.003" -0.003" -0.003"
(0.073) (0.046) (0.099) (0.064) (0.098) (0.064)
F TMAGER 0.035 0.045 0.033 0.043 0.033 0.044
(0.504) (0.394) (0.528) (0.410) (0.519) (0.404)
F OWN -0.001 -0.001 -0.001 -0.001 -0.001 -0.001
(0.187) (0.139) (0.192) (0.140) (0.193) (0.140)
LNREVENUE 0.090™* 0.085™" 0.089"" 0.083™* 0.089"" 0.084™"
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
LNAGE -0.137°" -0.136™ -0.138™ -0.137°" -0.137"" -0.137°"
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
LISTED -0.010 0.002 -0.006 0.007 -0.003 0.010
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(0.891) (0.982) (0.930) (0.918) (0.968) (0.883)
MSME -0.032 -0.023 -0.024 -0.017 -0.025 -0.018
(0.402) (0.550) (0.525) (0.670) (0.501) (0.6406)
MANUF -0.033 -0.031 -0.028 -0.026 -0.029 -0.026
(0.518) (0.550) (0.570) (0.608) (0.565) (0.603)
WEATHER 0.050 0.030 0.054 0.032 0.052 0.030
(0.301) (0.541) (0.264) (0.520) (0.276) (0.537)
CORRUPT -0.020 -0.018 -0.021 -0.020 -0.021 -0.020
(0.317) (0.361) (0.267) (0.307) (0.276) (0.317)
GGlY 0.011 0.009
(0.253) (0.385)
INF1Y -0.046™" -0.048™"
(0.001) (0.001)
GGSY -0.014 -0.009
(0.671) (0.795)
INF5Y -0.109™ -0.108™"
(0.001) (0.002)
GGI0Y -0.191 -0.170
(0.155) (0.225)
INF10Y -0.219" -0.222™
(0.002) (0.002)
Constant -0.768"* -0.808"" -0.658"" -0.716™ 0.064 -0.004
(0.000) (0.000) (0.004) (0.003) (0.861) (0.992)
Country FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes
Cluster (Country) Yes Yes Yes Yes Yes Yes
Observations 16046 16201 16238 16397 16238 16397
Adjusted R?

p-values in parentheses

"p<0.1," p<0.05 " p<0.01

Table 10. The robustness check for the correlation between the firm’s climate actions and its expected
increase in total sales for next year when adding the interaction between female top manager and perceived
corruption, using the probit method

REVINCR REVINCR REVINCR REVINCR REVINCR REVINCR

Model 1 Model 1 Model 1 Model 1 Model 1 Model 1

probit probit probit probit probit probit

€)) (2) 3) 4) 5) (6)
CO2MONITOR 0.349"" 0.349"" 0.350"
(0.000) (0.000) (0.000)

ENERGY 0.283™" 0.283™" 0.284™
(0.000) (0.000) (0.000)

TMAGER_EXP -0.003" -0.004™ -0.003 -0.003" -0.003 -0.003"
(0.077) (0.048) (0.103) (0.067) (0.102) (0.067)

F_TMAGER x CORRUPT 0.026 0.027 0.025 0.026 0.025 0.026
(0.439) (0.415) (0.452) (0.432) (0.448) (0.428)

F_TMAGER 0.001 0.009 0.001 0.010 0.001 0.010
(0.976) (0.820) (0.988) (0.814) (0.981) (0.811)

F_ OWN -0.001 -0.001 -0.001 -0.001 -0.001 -0.001
(0.185) (0.137) (0.189) (0.138) (0.191) (0.138)
LNREVENUE 0.090"™ 0.085™ 0.088"" 0.083"" 0.089" 0.083*"™
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
LNAGE -0.137™ -0.136™" -0.138™" -0.138™" -0.137™* -0.137"
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

LISTED -0.009 0.002 -0.006 0.008 -0.002 0.011
(0.900) (0.973) (0.938) (0.911) (0.976) (0.876)

MSME -0.031 -0.024 -0.024 -0.017 -0.025 -0.018
(0.401) (0.548) (0.523) (0.668) (0.500) (0.644)
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MANUF -0.033 -0.031 -0.028 -0.026 -0.029 -0.026
(0.515) (0.547) (0.568) (0.605) (0.562) (0.600)
WEATHER 0.050 0.030 0.054 0.032 0.052 0.030
(0.301) (0.541) (0.264) (0.520) (0.276) (0.537)
CORRUPT -0.023 -0.022 -0.025 -0.024 -0.025 -0.024
(0.303) (0.336) (0.262) (0.293) (0.269) (0.300)
GGlY 0.011 0.009
(0.249) (0.379)
INF1Y -0.046™*" -0.048™"
(0.001) (0.001)
GG5Y -0.014 -0.009
(0.680) (0.804)
INF5Y -0.110™* -0.108™"
(0.001) (0.002)
GG10Y -0.192 -0.171
(0.151) (0.220)
INF10Y -0.220™" -0.223™
(0.002) (0.002)
Constant -0.761™" -0.800™" -0.652™" -0.709™" 0.077 0.010
(0.000) (0.000) (0.003) (0.002) (0.833) (0.980)
Country FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes
Cluster (Country) Yes Yes Yes Yes Yes Yes
Observations 16046 16201 16238 16397 16238 16397
Adjusted R?

p-values in parentheses

*p<0.1,"p<0.05 " p<0.01

Table 11. The robustness check for the correlation between the firm’s climate actions and its perceived ease
of accessing finance, using the ordered probit method

FACCESS FACCESS FACCESS FACCESS FACCESS FACCESS
Model 2 Model 2 Model 2 Model 2 Model 2 Model 2
Ordered Ordered Ordered Ordered Ordered Ordered
probit probit probit probit probit probit
Q)] (2) 3) (4) (5) (6)
CO2MONITOR -0.110" -0.112™ -0.113™
(0.052) (0.047) (0.045)
ENERGY -0.022 -0.025 -0.025
(0.700) (0.657) (0.659)
TMAGER_EXP 0.002 0.002 0.001 0.002 0.001 0.002
(0.276) (0.264) (0.331) (0.314) (0.332) (0.315)
F_ TMAGER 0.037 0.038 0.035 0.035 0.034 0.035
(0.262) (0.265) (0.301) (0.305) (0.302) (0.306)
F_ OWN -0.000 -0.000 -0.000 -0.000 -0.000 -0.000
(0.901) (0.916) (0.929) (0.949) (0.932) (0.951)
LNREVENUE 0.027* 0.027"" 0.027* 0.027"" 0.027"" 0.027*™
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
LNAGE 0.024 0.023 0.022 0.022 0.022 0.021
(0.343) (0.360) (0.360) (0.377) (0.366) (0.383)
LISTED -0.093 -0.087 -0.090 -0.085 -0.090 -0.085
(0.202) (0.223) (0.214) (0.233) (0.209) (0.228)
MSME -0.011 -0.006 -0.019 -0.015 -0.019 -0.015
(0.632) (0.806) (0.418) (0.563) (0.423) (0.571)
MANUF -0.115™" -0.118™ -0.119™" -0.121™ -0.119™ -0.121™
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
WEATHER -0.181™" -0.190™" -0.182™" -0.189™" -0.181™" -0.189™
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
CORRUPT -0.248™" -0.248™" -0.245™" -0.245™* -0.245™" -0.245™
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
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GGl1Y -0.003 -0.003
(0.673) (0.600)
INF1Y 0.024™ 0.022"
(0.038) (0.054)
GGS5Y -0.006 -0.004
(0.807) (0.846)
INF5Y 0.013 0.007
(0.338) (0.596)
GGI0Y 0.063 0.077
(0.396) (0.310)
INFI10Y 0.075 0.069
(0.145) (0.179)
cutl
Constant 1 665" -1.661™" -1.723™" -1.7177 -1.414™" -1.398"™"
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
cut2
Constant 0 861" -0.860™" -0.921™" -0.917"" -0.612™ -0.599™
(0.000) (0.000) (0.000) (0.000) (0.015) (0.017)
cut3
Constant  -0.070 -0.070 -0.131 -0.129 0.178 0.189
(0.579) (0.592) (0.366) (0.387) (0.460) (0.428)
cut4
Constant  0.497™ 0.496™" 0.437* 0.438"" 0.746™" 0.756™"
(0.000) (0.000) (0.003) (0.003) (0.004) (0.003)
Country FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes
Cluster (Country) Yes Yes Yes Yes Yes Yes
Observations 16361 16524 16554 16721 16554 16721
Adjusted R?

p-values in parentheses

*p<0.1,"p<0.05 " p<0.01

Table 12. The robustness check for the correlation between the firm’s climate actions and its perceived ease
of accessing finance when adding the interaction between female top manager and perceived corruption,
using the ordered probit method

CO2MONITOR
ENERGY
TMAGER EXP

F TMAGER x
CORRUPT

F_TMAGER
F OWN
LNREVENUE

LNAGE

FACCESS FACCESS FACCESS FACCESS FACCESS FACCESS
Model 2 Model 2 Model 2 Model 2 Model 2 Model 2
Ordered Ordered Ordered Ordered Ordered Ordered

probit probit probit probit probit probit
1) 2) 3 (4) (5) ©)
-0.109" -0.111™ -0.112*
(0.053) (0.048) (0.046)
-0.021 -0.024 -0.024
(0.707) (0.664) (0.667)
0.002 0.002 0.001 0.001 0.001 0.001
(0.284) (0.273) (0.341) (0.324) (0.342) (0.326)
-0.046™ -0.052™ -0.047" -0.053" -0.047* -0.053™
(0.011) (0.004) (0.010) (0.003) (0.009) (0.003)
0.103™ 0.112™ 0.101™ 0.110" 0.101™ 0.111™
(0.013) (0.007) (0.013) (0.007) (0.013) (0.007)
-0.000 -0.000 -0.000 -0.000 -0.000 -0.000
(0.908) (0.927) (0.934) (0.959) (0.938) (0.960)
0.027"" 0.027* 0.027* 0.027"" 0.027*™ 0.027""
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
0.024 0.024 0.023 0.022 0.023 0.022
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(0.334) (0.350) (0.351) (0.367) (0.356) (0.373)
LISTED -0.094 -0.089 -0.091 -0.086 -0.091 -0.087
(0.198) (0.216) (0.208) (0.226) (0.204) (0.221)
MSME -0.011 -0.006 -0.019 -0.015 -0.019 -0.014
(0.640) (0.817) (0.426) (0.573) (0.431) (0.581)
MANUF -0.115™ -0.118™ -0.119™" -0.121™ -0.119" -0.121™
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
WEATHER -0.181™ -0.190™" -0.182"" -0.189™* -0.181™ -0.188"™"
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
CORRUPT -0.242™* -0.241™" -0.239™" -0.237"* -0.239" -0.237"*
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
GGlY -0.003 -0.003
(0.669) (0.597)
INF1Y 0.024™ 0.023™
(0.035) (0.049)
GG5Y -0.007 -0.006
(0.776) (0.810)
INF5Y 0.013 0.008
(0.324) (0.567)
GG10Y 0.065 0.079
(0.381) (0.296)
INF10Y 0.078 0.072
(0.130) (0.158)
cutl
Constant -1.651*" -1.644™" -1.711 -1.702* -1.390™" -1.371*
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
cut2
Constant -0.847" -0.843™" -0.909"" -0.903"* -0.588" -0.571™
(0.000) (0.000) (0.000) (0.000) (0.017) (0.021)
cut3
Constant -0.056 -0.053 -0.119 -0.115 0.202 0.217
(0.653) (0.680) (0.408) (0.440) (0.394) (0.354)
cut4
Constant 0.511" 0.513*" 0.449™ 0.452"*" 0.770™" 0.784"*"
(0.000) (0.000) (0.002) (0.002) (0.002) (0.002)
Country FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes
Cluster (Country) Yes Yes Yes Yes Yes Yes
Observations 16361 16524 16554 16721 16554 16721
Adjusted R?

p-values in parentheses
*p<0.1,"p<0.05 " p<0.01

Table 13. The robustness check for the correlation between the firm’s climate actions and its expected
increase in total sales for next year when adding the interaction between female top manager and perceived
corruption, using Mean-center corrupt (CORRUPT C)

REVINCR REVINCR REVINCR REVINCR REVINCR REVINCR
Model 1 Model 1 Model 1 Model 1 Model 1 Model 1

OLS OLS OLS OLS OLS OLS
1) (2) 3) (4) (%) (6)
CO2MONITOR 0.078" 0.077" 0.078"
(0.000) (0.000) (0.000)
ENERGY 0.114"™* 0.114" 0.114"
(0.000) (0.000) (0.000)
TMAGER _EXP -0.000 -0.000 -0.000 -0.000 -0.000 -0.000
(0.826) (0.349) (0.876) (0.382) (0.873) (0.379)
F TMAGER x CORRUPT C  0.032"" 0.034" 0.031" 0.034"" 0.031" 0.034""
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
F TMAGER 0.044"" 0.043" 0.044" 0.043" 0.044" 0.043"
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(0.004) (0.004) (0.004) (0.004) (0.004) (0.004)
F OWN -0.000™" -0.000™ -0.001™" -0.000™" -0.001™" -0.000™*
(0.006) (0.010) (0.005) (0.009) (0.005) (0.009)
LNREVENUE 0.040"" 0.038™ 0.040™ 0.038"" 0.040™ 0.038™"
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
LNAGE -0.059™* -0.057™" -0.060™" -0.057" -0.060™" -0.057™
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
LISTED -0.028" -0.029" -0.028" -0.029" -0.028" -0.028"
(0.094) (0.082) (0.092) (0.082) (0.098) (0.088)
MSME -0.022™ -0.018" -0.021" -0.016 -0.021" -0.017
(0.042) (0.097) (0.052) (0.118) (0.051) (0.117)
MANUF -0.016™ -0.015™ -0.015" -0.015" -0.015" -0.015"
(0.049) (0.048) (0.054) (0.054) (0.054) (0.054)
WEATHER -0.026 -0.039™ -0.025 -0.038™ -0.025 -0.038™
(0.184) (0.044) (0.203) (0.048) (0.198) (0.046)
CORRUPT C -0.022™* -0.022™* -0.022™" -0.022™* -0.022™" -0.022™*
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
GGl1Y 0.008 0.008
(0.225) (0.223)
INF1Y -0.018™ -0.017"
(0.027) (0.033)
GG5Y 0.000 0.001
(0.991) (0.974)
INF5Y -0.051™ -0.049™
(0.014) (0.017)
GG10Y -0.060 -0.057
(0.448) (0.469)
INF10Y -0.092™ -0.088™
(0.028) (0.032)
Constant 0.197* 0.195™ 0.176" 0.175* 0.626 0.604
(0.033) (0.032) (0.091) (0.090) (0.147) (0.158)
Area FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes
Observations 16046 16201 16238 16397 16238 16397
Adjusted R? 0.160 0.167 0.159 0.166 0.159 0.166

p-values in parentheses
*p<0.1,"p<0.05 " p<0.01

Table 14. The robustness check for the correlation between the firm’s climate actions and its perceived ease
of accessing finance when adding the interaction between female top manager and perceived corruption,
using Mean-center corrupt (CORRUPT ()

FACCESS FACCESS FACCESS FACCESS FACCESS FACCESS
Model 2 Model 2 Model 2 Model 2 Model 2 Model 2

OLS OLS OLS OLS OLS OLS
@ () 3) “) &) (6)
CO2MONITOR -0.104™ -0.105" -0.106™
(0.038) (0.035) (0.034)
ENERGY 0.010 0.009 0.009
(0.663) (0.691) (0.687)
TMAGER_EXP 0.002  0.002”  0.002"  0.002"  0.002"  0.002"

(0.023) (0.026) (0.026) (0.029) (0.026) (0.030)
F TMAGER x CORRUPT C  -0.047"  -0.052""  -0.047"  -0.052""  -0.047"  -0.052""
(0.012) (0.005) (0.012) (0.005) (0.012) (0.005)

F TMAGER 0.046 0.045 0.045 0.044 0.045 0.044
(0.184)  (0.192)  (0.189)  (0.197)  (0.189)  (0.196)

F_ OWN -0.000 -0.000 -0.000 -0.000 -0.000 -0.000
(0.534)  (0.575)  (0.527)  (0.569)  (0.528)  (0.570)

LNREVENUE 0.021"  0.019™  0.020"*  0.019™  0.021""  0.019""
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(0.000)  (0.000)  (0.000)  (0.000)  (0.000)  (0.000)

LNAGE -0.003 -0.003 -0.003 -0.003 -0.003 -0.003
(0.821) (0.837) (0.814) (0.831) (0.806) (0.821)
LISTED -0.034 -0.027 -0.035 -0.028 -0.035 -0.028
(0.371) (0.476) (0.363) (0.464) (0.362) (0.464)
MSME -0.044" -0.037 -0.045" -0.038 -0.045" -0.038
(0.069) (0.119) (0.061) (0.105) (0.061) (0.105)
MANUF -0.021 -0.024 -0.021 -0.024 -0.021 -0.024
(0.245) (0.178) (0.235) (0.170) (0.234) (0.168)
WEATHER -0.155™" -0.165™" -0.156™  -0.165"™ -0.155™" -0.165™
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
CORRUPT C -0.185™" -0.185™" -0.185™  -0.185"™ -0.185™" -0.185™
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
GGl1Y 0.013 0.012
(0.391) (0.434)
INF1Y 0.013 0.012
(0.482) (0.522)
GG5Y 0.037 0.038
(0.675) (0.666)
INF5Y -0.012 -0.015
(0.801) (0.748)
GG10Y 0.127 0.138
(0.480) (0.440)
INF10Y 0.050 0.044
(0.594) (0.635)
Constant 2.406™ 2427 2.359™ 2.374™ 1.723" 1.687"
(0.000) (0.000) (0.000) (0.000) (0.077) (0.082)
Area FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes
Observations 16361 16524 16554 16721 16554 16721
Adjusted R? 0.268 0.269 0.269 0.269 0.269 0.269

p-values in parentheses
*p<0.1,"p<0.05 " p<0.01

4.4. Addressing endogeneity issues

These findings should be interpreted with appropriate caution regarding causality. At the same
time, the empirical results presented above reveal robust associations among climate mitigation
actions, firm characteristics, institutional factors, and the two outcomes of interest: expected revenue
growth and perceived access to finance. Several sources of endogeneity may bias the estimates,
including reverse causality, omitted variable bias, and measurement error. This section discusses
these concerns and the strategies employed to mitigate them.

The most prominent endogeneity concern is reverse causality: rather than climate actions causing
higher growth expectations, firms that are already more optimistic or growth-oriented may be more
likely to adopt energy management measures or monitor their CO, emissions. Optimistic managers
may have longer investment horizons, greater willingness to experiment with new practices, or
stronger beliefs that environmental investments will pay off. Similarly, firms with easier access to
finance may invest in climate actions, rather than in actions that improve perceptions of financing.
The cross-sectional nature of the BEEPS VI data (firms surveyed once, with retrospective and
forward-looking questions) precludes definitive causal ordering.

To partially address this concern, the dependent variable is forward-looking (expected revenue
growth for the next year). On the other hand, independent variables reflect the company's status
before and at the time of the survey, including climate action, firm characteristics, and perceptions of
corruption. This temporal alignment reduces but does not eliminate reverse causality, as unobserved
firm-level optimism could simultaneously drive both past adoption of climate measures and current
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growth expectations.

Unobserved firm-level heterogeneity may confound the estimated relationships. For example,
managerial quality or corporate culture could influence both the propensity to adopt climate actions
and the likelihood of expecting revenue growth. A more competent or forward-looking management
team might simultaneously implement energy management systems and generate optimistic sales
forecasts. Similarly, firms with stronger social capital or better banking relationships might find it
easier both to monitor emissions and to access finance, thereby producing a spurious negative
correlation between CO: monitoring and perceptions of financing if the true driver is an unmeasured
relationship quality. To mitigate omitted variable bias, the empirical models include a rich set of
control variables: firm size (logged revenue), firm age, sector (manufacturing indicator), legal status
(publicly listed indicator), MSME classification, and area and year fixed effects. Area fixed effects
absorb time-invariant unobserved heterogeneity at the regional level (e.g., local business culture,
regulatory enforcement quality). Year fixed effects absorb common macroeconomic shocks.

The perceived ease of accessing finance variable (FACCESS) is a four-point scale, which reduces
some measurement variability but remains perceptual. Ideally, objective measures of credit access
(e.g., loan approval rates, interest spreads, credit limits) would complement perceptual measures. The
results should therefore be understood as reflecting perceived constraints, which are nonetheless
important for firm behavior: firms act on their perceptions, regardless of objective reality.

5. Discussion and limitations
5.1. Discussion

This study set out to examine the determinants of two critical firm-level outcomes: expected
revenue growth and perceived access to finance. Drawing on a large, cross-country sample of
enterprises from the BEEPS VI survey, the analysis yields several novel findings that extend existing
literature and open new avenues for research. The discussion below highlights the most interesting
and unexpected patterns, organized by thematic area.

The climate action paradox: a divergence between growth expectations and perceptions of
financing. One of the most striking findings is the asymmetric relationship between different climate
mitigation actions and the two outcomes. Both CO, monitoring and energy management are strongly
and positively associated with expected revenue growth; firms adopting these practices are more
likely to anticipate sales increases. This result aligns with the resource-based view, which holds that
environmental efficiency measures reduce costs, enhance reputation, and signal forward-looking
management (Porter and Van Der Linde, 1995; Stefan and Paul, 2008). From managers' own
perspectives, climate actions are not a drag on performance but rather a correlate of optimism.

Firms that actively monitor CO, emissions reported significantly higher perceived financing
obstacles. This can be explained by the fact that when firms begin measuring their carbon footprint,
they may uncover substantial exposure to climate-related risks: dependence on fossil-fuel inputs,
energy -intensive production processes, vulnerability to carbon taxes, or supply chain disruptions
from weather events. In the absence of mandatory disclosure, many firms may not monitor their
emissions and therefore need not report or confront them. Once monitoring begins, however, the firms
become aware of their vulnerabilities and may communicate this (directly or indirectly) to the lenders.
Risk-averse commercial banks, particularly those in emerging markets with limited experience in
climate risk assessment, may respond by tightening credit terms, demanding higher collateral, or
rejecting loan applications. Thus, the negative association arises not because monitoring worsens
financial outcomes, but because monitoring reveals pre-existing risks that lenders then price into their
credit decisions. This mechanism is grounded in the literature on asymmetric information and
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environmental risk (Barth et al., 2008; Chava, 2014). Banks are known to penalize firms with poor
environmental profiles, but the act of measurement itself can be a disclosure event. For example,
research on the EU Emissions Trading Scheme shows that firms that first reported their emissions
experienced stock price declines, not because emissions changed, but because information was
revealed (Griffin et al., 2017).

Female leadership is an asset for growth expectations and financing. Firms led by a female top
manager are more likely to expect sales growth. This suggests that female managers may bring
strategic perspectives, stakeholder engagement skills, or adaptive capabilities that foster optimism
about future revenue. However, female leadership shows no significant association with perceived
access to finance. Surprisingly, the percentage of female ownership exhibits a small but statistically
significant negative association with growth expectations. This pattern implies that gender effects are
nuanced: female managers (day-to-day decision-makers) positively influence growth expectations,
whereas female ownership (strategic control and capital allocation) does not, or even slightly
reverses, that effect. One interpretation is that female-owned firms may face disadvantages
(discrimination, sectoral sorting, or constrained networks) that offset any positive effects of gender
on optimism. In contrast, female managers operate within existing ownership structures that buffer
such disadvantages.

Corruption as a dominant constraint. Among all predictors, perceived corruption consistently
exhibits one of the largest effects. A one-unit increase on the corruption obstacle scale reduces the
probability of expecting sales growth and lowers perceived access to financing. These effects are
larger than those of firm size, age, or any macroeconomic variable. This finding reinforces a
substantial literature documenting corruption's damaging effects on firm performance (Fisman and
Svensson, 2007; Aidis et al., 2008) and extends this literature to forward-looking expectations and
perceptions of financing. Notably, corruption's effect on access to financing is nearly 10 times as
large (in standardized terms) as the effect of CO, monitoring. This implies that for firms struggling
to access credit, reducing corruption may yield greater dividends than adopting climate practices.

The most novel and theoretically provocative finding emerges from the interaction analyses. When
examining the conditional role of female top managers across different levels of perceived corruption,
female-led firms outperformed their male-led counterparts in growth expectations and access to
finance, particularly in corrupt environments.

5.2. Limitation

Due to the cross-sectional nature of the BEEPS VI data, all estimates reported in this paper are
correlational. Causation cannot be established, nor is it claimed to be established. The models control
for a rich set of firm- and country-level covariates, include area, country, and year fixed effects, and
employ temporal ordering in which the independent variables (e.g., past adoption of climate
measures, past weather shocks) precede the dependent variables in the survey question wording.
However, these steps address only observable confounding and do not eliminate the risk of
unobserved heterogeneity, reverse causality, or self-selection.

Furthermore, the BEEPS VI data were collected primarily between 2018 and 2020, both before
and during the COVID-19 pandemic. While this context provides a valuable baseline for
understanding structural relationships among climate actions, corruption, gender, and firm outcomes,
the pandemic has since disrupted global GDP, supply chains, and financial markets. Macroeconomic
conditions and firm expectations may have shifted. Therefore, the findings should be interpreted as
reflecting the pre-pandemic and pandemic periods, and future research using post-COVID data is
necessary to test whether the associations documented here remain stable or have been altered by the
pandemic and subsequent recovery. The BEEPS VI survey remains the most recent publicly available
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wave of the Business Environment and Enterprise Performance Survey at the time of this analysis, as
the EBRD has not yet released subsequent waves. We acknowledge this as a limitation and encourage
replication when newer waves become available.

Finally, future research using panel data such as multiple waves of BEEPS or linked administrative
data could employ firm fixed effects to control for time-invariant unobserved heterogeneity.
Quasi-experimental approaches, such as difference-in-differences around regulatory changes (e.g.,
mandatory emissions reporting or anti-corruption campaigns), could provide stronger causal
evidence. Instrumental variables, such as exogenous weather shocks for climate action adoption or
regional corruption scandals for perceived corruption, could also help address endogeneity. In the
absence of such designs, the present study aims to document robust associations and generate
hypotheses for future causal testing.

6. Conclusion and implications
This study examined the correlates of firms' expected revenue growth and perceived access to

finance using a large, cross-country dataset of enterprises from the BEEPS VI survey, combined with
macroeconomic data from the World Bank. Given the cross-sectional nature of the data, all findings
should be interpreted as robust associations rather than causal effects. With this caution in mind, the
analysis yields several novel patterns that offer suggestive implications for policies and business
strategies.

First, climate change mitigation actions are strongly and positively associated with expected
revenue growth. However, a critical divergence emerges in perceived access to finance, and energy
management shows no association, whereas CO: monitoring is associated with worse perceived
access to finance. In other words, not all climate-related actions are seen the same way by firms and
managers. Energy management, likely perceived as an efficiency-enhancing practice, is correlated
with optimism about future sales, whereas CO, monitoring, possibly because of its association with
regulatory disclosure or compliance risk, is associated with greater reported financing difficulties. It
is important to emphasize that these are perceptual measures; we cannot conclude that lenders actually
penalize CO,-monitoring firms, only that such firms report greater obstacles in accessing finance.

Second, female top managers are associated with higher growth expectations. Still, female
ownership shows a small negative effect, and corruption consistently ranks among the largest
perceived constraints on both outcomes. The conditional analysis reveals a striking pattern;
female-led firms report higher growth expectations in corrupt environments but simultaneously report
worse access to financing as corruption rises. This suggests that female managers may overcome
financing disadvantages through alternative means such as internal efficiency, operational controls,
or non-traditional funding sources.

Third, perceived corruption emerges as one of the largest constraints on both outcomes, with
effects substantially larger than those of climate actions or most firm-level controls. This finding
reinforces the institutional literature on corruption's damaging role in private-sector development and
extends it to forward-looking expectations and perceptions of financing.

The findings of this study carry several suggestive implications, though these should be treated as
hypothesis-generating rather than prescriptive. For firm managers, the positive association between
climate change mitigation actions, particularly energy management, and expected revenue growth
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suggests that investing in such practices is correlated with managerial optimism about future
performance. Managers may consider energy management as part of operational strategy rather than
mere compliance. However, the finding that CO, monitoring is associated with worse perceived
access to finance presents a strategic puzzle. Firms that monitor emissions might benefit from
proactively communicating their broader risk management strategies and efficiency gains to lenders,
framing emissions data within a narrative of transition readiness rather than regulatory vulnerability.
Furthermore, the strong negative association between weather shocks and perceptions of financing
suggests that lenders might consider post-disaster credit guarantees or flexible restructuring options
for affected firms, thereby preventing temporary weather events from becoming persistent financing
obstacles.

For policymakers, corruption is one of the most perceived constraints on both growth expectations
and access to financing. Anti-corruption reforms such as transparent loan approval processes,
strengthened contract enforcement, and reduced bribery demands may yield greater dividends for
private sector development than macroeconomic stabilization policies, at least in the institutional
contexts covered by our sample. Regarding climate policy, the divergence between CO, monitoring
and energy management suggests that not all climate mitigation actions are associated with
perceptions of financing in the same way. Policymakers should consider designing disclosure
frameworks that do not inadvertently discourage monitoring, potentially through regulatory safe
harbors or certification schemes that verify credible transition plans. Subsidies or technical assistance
for energy management are also justified, given their positive association with growth optimism.

Finally, the positive association between female leadership and growth expectations suggests
untapped potential. Policies that reduce barriers to female managerial advancement, such as
mentorship programs, leadership training, and anti-discrimination measures, may foster more
optimistic and growth-oriented firms. The small negative coefficient on female ownership, while not
a policy priority given its magnitude, warrants monitoring rather than immediate intervention.
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developed using dynamic panel data techniques and the generalized method of
moments (GMM) estimator to examine the impact of macroprudential policy on the
risk-taking behavior of Iranian banks during the period 2010-2024. The analysis
evaluates the potential effects of four macroprudential instruments aligned with
policy objectives: the loan-to-income ratio (LTI), the loan-to-deposit ratio (LTD),
the leverage ratio (LVR), and liquidity requirements (LIQ). As a result of stronger
macroprudential oversight, commercial banks are significantly less likely to take on
risk. In the context of financial sanctions and Iran’s unique economic environment,
macroprudential tools remain highly effective in mitigating banking risks. As such,
LTD instruments have a time lag, whereas LVR instruments have an immediate
impact on risk. Additionally, no single instrument is more effective than the
composite macroprudential index at reducing risk-taking. A more secure, less
vulnerable banking system in Iran is possible through macroprudential policies, as
the results show.
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1. Introduction

The growing dangers commercial banks face in the current global financial landscape underscore
the need for more robust risk management systems. The importance of macroprudential regulation in
protecting financial institutions from both known and unknown threats has been widely
acknowledged (Acharya et al.,, 2022). For countries like Iran, where financial sanctions,
macroeconomic instability, and ongoing policy uncertainty all heighten credit and operational risks
for banks, this strategy is crucial.

In recent decades, Iran's banking system has faced persistent challenges, including high levels of
non-performing loans, insufficient capital, and weak regulatory oversight. In addition to disrupting
economic growth, capital flows, imports, and exchange rates, financial sanctions have exacerbated
these problems (Heydarian et al., 2021, 2022, 2023, 2025). As a result, commercial banks have
become increasingly exposed to credit, operational, and liquidity risks and are frequently facing
liquidity pressures. The role that banks play in financing investment and supporting macroeconomic
growth makes them a direct threat to both economic and financial stability.

Considering the volatile exchange rates, economic uncertainty, and chronic inflation, Iranian banks
must manage their risks effectively. There is a lack of data about the effectiveness of macroprudential
policies in Iran, despite claims that they can stabilize banks and dampen financial cycles.

Despite the growing body of international evidence on the effectiveness of macroprudential policy,
current knowledge remains highly concentrated in advanced economies or in cross-country panel
settings. Iran's unique macro-financial context is characterized by persistent sanctions, chronic
inflation, high exchange rate volatility, and structural fiscal imbalances (Safari et al., 2024).

Also, the Iranian studies that have been done so far mostly rely on aggregate financial data and
don't go into enough detail about how different banks differ. Also, private banks in Iran differ
significantly in size, ownership structure, funding models, and exposure to foreign currencies. This
suggests that policy tools may not work the same way on all institutions. There isn't much evidence
about these effects on distribution right now, so policymakers don't have clear information on how to
choose tools and focus them.

Finally, the interaction between macroprudential actions and episodes of sanctions, as well as
volatile macroeconomic conditions, remains unexplored. The topic of which of the capital-based
tools, borrower-level restrictions, or liquidity requirements is more effective in containing risk in
moments of strong external pressure is still an unresolved empirical subject. Filling this gap is critical
to develop robust regulatory frameworks to protect financial stability in fragile emerging markets.
With a focus on sanctions dynamics and institutional heterogeneity, this study demonstrates how
macroprudential policy can influence Iranian commercial banks' risk exposure.

Accordingly, the main research question of this study is: “What impact does macroprudential
policy have on the risk exposure of commercial banks in Iran?”” and how can this effect be explained
under the country’s specific economic conditions?

In light of this, the paper examines the effectiveness of macroprudential policy in mitigating
Iranian commercial banks’ risk-taking behavior, using the Z-score as a measure of insolvency risk
and of banks' ability to absorb unexpected losses. Over the period 2010-2024, we examined the
impact of macroprudential instruments on banking risks using dynamic panel data from 16 Iranian
commercial banks and the GMM-SYS estimator. Macroprudential instruments include loan-to-
income ratios (LTI), loan-to-deposit ratios (LTD), leverage ratios (LVR), and liquidity requirements
(LIQ). This paper contributes to the broader literature on macroprudential regulation by offering new
insights into how this policy operates in highly uncertain and sanctions-constrained economic
environments.

We extended the time horizon to a 15-year panel data set, substantially broader than the §-year
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periods used previously. A model designed around the disaggregation of macroprudential instruments
into four transmission-channel categories. By integrating sanctions into the System GMM
framework, the study isolates the net effect of macroprudential policy from the dominant impact of
external shocks. With this contribution, we provide a critical policy insight for economies under
persistent pressure and demonstrate a level of modeling precision that Iranian banks have never
achieved.

The remainder of this paper is structured as follows. Section 2 provides the theoretical background.
Section 3 reviews the relevant empirical literature on macroprudential policy and banking risks. The
methodology, including data, variables, and econometric models, is discussed in Section 4. Section 5
reports and discusses the empirical findings. Finally, Section 6 concludes the paper.

2. Theoretical Background

The central bank can rely on macroprudential supervision and regulation to monitor banking risks.
The critical point is the notion of negative externalities arising from disruptions or failures in financial
institutions, such as commercial banks, financial markets, or financial instruments.

In addition to providing credit to the economy, macroprudential policy typically leverages banks.
However, with the expansion of capital market activities and market-based financing,
macroprudential policymakers must also monitor systemic risks arising outside the banking system
and develop and implement policy responses to contain these risks.

Credit growth caps have been used by some countries when credit expansion has been high and
systemic risks have risen rapidly.

As Borio (2014) emphasizes, instruments such as the leverage ratio are specifically designed to
limit excessive procyclical lending and constrain credit risk before macroeconomic shocks
materialize. Claessens (2015) indicated that tools directly targeting households and credit markets
tend to be highly effective in reducing financial vulnerabilities.

Macroprudential policy instruments can influence bank risk-taking behavior. Liquidity tools aim
to reduce systemic liquidity risk by ensuring that banks maintain sufficient liquid assets to meet
obligations under stress conditions. Interbank and funding markets are stabilized by macroprudential
policy through the enforcement of minimum liquidity standards. The leverage ratio is a
macroprudential tool designed to enhance the resilience of the banking system by limiting banks'
exposure. By restricting excessive leverage, it curbs risk-taking behaviors and contains the buildup
of systemic vulnerabilities.

Empirical literature review

In the last ten years, there has been a proliferation of empirical research on macroprudential policy
(MPP), with studies varying along three key dimensions: (i) the number of countries studied and the
type of institutions they belong to, (i) the methodology and data structure used to conduct the
research, and (iii) the particular tools and results that were analyzed. Instead of analyzing studies
sequentially, this section synthesizes earlier findings across these categories to illustrate what is
established, where results diverge, and how the Iranian example fits into and differs from the
literature.

International cross-country and regional evidence: A large body of cross-country and multi-
country banking studies finds that macroprudential tools are, on average, effective in restraining bank
risk-taking and mitigating systemic vulnerabilities. Using bank-level data from advanced and
emerging economies, Altunbas et al. (2018) and Andries et al. (2017) show that tighter capital-based
and borrower-based instruments are associated with lower bank risk and reduced contributions to
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systemic risk. Researchers in this field usually use dynamic panel or fixed-effects frameworks to
account for persistence in risk metrics and rely on large panels of banks across different jurisdictions.
Although the size and timeliness of the effects vary across institutional settings, a common thread in
this study is that capital-related instruments (such as leverage or capital buffers) yield larger and more
immediate benefits than borrower-based measures.

Single-country evidence from emerging economies: Complementary insights emerge from
country-specific studies that exploit richer institutional detail. Zhang et al. (2018) and Zhao et al.
(2023) found that under macroprudential supervision, banks in China and Vietnam are less likely to
take risks, and that this effect is amplified when multiple instruments are used simultaneously (Do et
al., 2025). These publications focus on heterogeneity across banks and use longer bank-level panels
than cross-country research. They indicate that the effectiveness of macroprudential instruments is
conditional on the balance-sheet structure and funding mechanisms. At the same time, results are
sensitive to model specification and to whether instruments are examined individually or through
composite indices, highlighting the importance of instrument-level analysis.

Empirical research focusing on Iran remains relatively limited and methodologically constrained.
There is a systematic problem with the literature that uses short data spans and a narrow set of
instruments, which prevents the identification of lagged effects and countercyclical dynamics crucial
to macroprudential policy (Borio, 2014). This leaves a clear empirical gap in the provision of a
disaggregated, time-consistent assessment of macroprudential instruments and their dynamic effects
within Iran's specific institutional context.

Analysing the differences and identifying the gaps: All things considered, there is clear evidence
from previous research that supports three main points: first, that banks are less likely to take risks
when using macroprudential tools; second, that the effectiveness of these tools varies depending on
the type of instrument and the characteristics of the bank; and third, that the results vary greatly
depending on the context. However, there are still significant gaps. A limited amount of empirical
evidence exists on Iran (i), which uses sufficiently long panels to identify delayed and cyclical effects,
(i1) compares macroprudential instruments within a unified empirical framework, and (ii1) explicitly
takes financial sanctions and constrained monetary policy autonomy into account.

Linking international evidence to Iran’s institutional context: The international literature largely
abstracts from persistent external shocks such as comprehensive financial sanctions, which directly
affect funding conditions, risk perceptions, and policy transmission. For Iran, sanctions constitute a
structural constraint rather than a temporary disturbance, suggesting that results from advanced and
typical emerging economies may not be directly transferable. Despite limited domestic evidence,
macroprudential effectiveness has not been systematically examined to determine whether and how
it differs between sanctioned and non-sanctioned periods, nor has it been examined how institutional
characteristics such as central bank independence and Islamic banking structure affect instrument
performance.

Overall, the worldwide empirical literature provides strong evidence that macroprudential policies
matter for bank risk-taking, but it gives only partial guidance for the Iranian instance. However, it
only gives some advice for the Iranian case. A structured review of previous research shows that the
main problems that remain to be solved are how well instruments work, how they change over longer
periods, and how macroprudential policy interacts with structural restraints unique to each country.
Because of these gaps, there needs to be a focused empirical study of Iran that is both grounded in
and distinct from the current international and domestic literature.

3. Methodology

To examine the effectiveness of macroprudential policy on the risk-taking behavior of commercial
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banks, a Systemic Generalized Method of Moments (GMM-SY S) regression model was employed to
assess its impact on banks' risk-taking behavior. This model is particularly suitable for addressing
potential endogeneity concerns, which often arise from the dynamic relationship between
macroprudential policy actions and bank risk variables.

This approach aligns with previous empirical studies, such as Akinci and Olmstead-Ramsay
(2018) and Ely et al. (2021), in capturing the complex interactions between regulatory policies and
risk factors in the banking system. The model is formulated as follows:

Risk;e = Bo + P1Risk; 1 + BoMAPP;; 1)

+ Z BPBankSpecific; + Z M Macro, + u;;
Where i=1,..., N and t=1,...,t denote banks and time periods, respectively. In equation (1), Risk;;
denotes the bank risk variable for bank i at time t, which is regressed on its own lag. MAPP;; denotes
macroprudential policy tools, BankSpecific;; includes control variables such as bank size, net
loans-to-total-assets ratio, income diversification, cost management efficiency, and lending index.
Macro; includes macroeconomic variables such as GDP growth (LGDP), inflation rate (GNP
Deflator), and a financial sanction dummy variable (FSAN), and u;; is the error term.

According to Equation 1, ) 8b denotes the coefficients of the bank-specific factors that serve as
independent variables in the model. In contrast, > M denotes the coefficients of the macroeconomic
variables included as another set of independent variables in the specification.

Measurement of Bank Risk: The Z-score indicates the probability of bank insolvency. Lepetit and
Strobel (2015) argue that the logarithm of the Z-score represents a measure of bankruptcy risk.
Houston et al. (2010) and Fang (2016) also confirm the use of the inverse Z-score as a proxy for bank
default probability the higher the inverse Z-score, the greater the bankruptcy risk.

In this paper, the Z-score is used to measure the dependent variable, bank risk, as it is a widely
used risk indicator in multiple studies, including Laeven and Levine (2009) and Lepetit and Strobel
(2015). The Z-score is calculated as the sum of return on assets (ROA) and the equity-to-asset ratio
(E/A) divided by the standard deviation of ROA:

ROA; + 2t @)
i =5q. (ROA);;

Where ROA;; denotes return on assets for bank i at time #; EA denotes the equity-to-asset ratio;
and Sd. (ROA);; denotes the standard deviation of asset returns. Due to the high skewness of the Z-
score distribution, the natural logarithm is typically used as a transformation. Profitability and
capitalization are correlated with Z-scores, as are income volatility and instability. Consequently, a
higher Z-score indicates lower risk and a more stable bank (De Nicolo et al., 2010).

According to Figure 1, from 2010 to 2024, Khavar Miane Bank, Pasargad Bank, and Karafarin
Bank exhibit the highest financial stability and thus the lowest risk-taking. In contrast, Sarmayeh
Bank, Ayande Bank, Shahr Bank, and Day Bank demonstrate the lowest financial stability and the
highest risk-taking (Figure 1) !.

! Data are extracted from banks’ balance sheets.
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[ z-score

Figure 1. Average Z-score index for commercial banks during 2010-2024

Macroprudential Policy Tools: For conducting our analysis, we rely on the macroprudential policy
indices available in the Integrated Macroprudential Policy database ! (iMaPP) developed by Alam et
al. (2025), which is based on the annual review of macroprudential policy by the International
Monetary Fund.

The macroprudential tools employed in the models are defined as follows. Among demand-based
instruments, we selected the LTI ratio, which imposes limits on lending relative to borrower income.
As a measure of capital relative to non-risk-weighted exposures, the LVR limits bank leverage and
was utilized for capital requirements instruments. We use the LTD ratio, a tool from the loan-supply-
based toolbox that regulates banks' lending relative to their deposit base and penalizes them for
exceeding it. Finally, we implemented the Liquidity measure to meet the liquidity requirements. This
measure seeks to reduce financing and systemic liquidity risks by establishing minimum standards
for liquid asset ratios and liquidity coverage.

Before performing calculations, variables are normalized to ensure consistent units when
determining the MPP index. We use the four weighted and normalized tools in accordance with the
composite index method suggested by Briguglio (1995). Because different macroprudential tools
target different dimensions of systemic risk, a composite macroprudential index is constructed by
averaging them with equal weights. Moreover, using equal weights avoids subjective judgment about
the supervisory priority of each instrument. The macroprudential literature provides no
internationally accepted consensus on the relative importance of different instruments. This neutral,
conservative approach helps avoid bias when evaluating the relative significance of the four
instruments by assigning equal weights to each. The adoption of equal weights in this study is justified
by the principles of neutrality and the absence of any theoretical or empirical basis for determining
the relative importance of macroprudential instruments in the Iranian economy.

The normalization formula is defined as follows:

X? = (X; — minX)/(maxX — minX) 3)

Where X; denotes the observed value for period I, X ls denotes the standardized observation, and

1 Integrated Macroprudential Policy Database
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minX and maxX are the minimum and maximum observed values, respectively.
The MPP index is then calculated as:

LTI{ = (LTI, — minLTI)/(maxLTI — minLTI) 4)
LTD{ = (LTD; — minLTD)/(maxLTD — minLTD) (5)
LVR; = (LVR; — minLVR)/(maxLVR — minLVR) 6)
LCR; = (LCR; — minLCR)/(maxLCR — minLCR) 7)
MAPPINDEX, = (LTI + LTD? + LVR] + LCR}) /4 )

Bank-Specific Characteristics: Three characteristics are considered. Bank size (SIZE), measured
by the logarithm of total bank assets. Net loan to total assets ratio (NLTA). Cost efficiency (CI) is
calculated as the ratio of operating costs to total income. Lending variable, derived from the logarithm
of total credit. Income diversification index (DIVL), calculated as:

pIvL=1—|RI=0I/ | ©)

RI denotes the bank's share of interest income, non-interest income by OI, and total income by TI.
Interest income refers to income from lending, net of depositor shares, and non-interest income
includes items such as foreign exchange gains, fees, and commissions.

The control variables for bank-specific variables were size, loan-to-asset ratio, equity ratio, non-
interest income-to-total income ratio, and cost efficiency. Among these, bank size is a key
determinant of risk-taking behavior. Franchise value theory suggests that higher franchise value,
including large size, may limit a bank’s incentives to take risks. The Danisman and Demirel (2019)
study found that higher loan-to-asset ratios indicate greater credit risk. Under the Modigliani-Miller
framework, holding more equity can reduce the risk and required risk premium to compensate
investors for default costs (Allen et al., 2011). According to the fixed-leverage hypothesis, banks may
be more willing to accept higher risk if leverage is reduced by increasing equity (Godlewski, 2005).
Numerous subsequent empirical studies confirm that the use of risk-based capital ratios reduces bank
risk (Ariff, 2008). Many empirical studies support the view that diversification reduces instability, as
highlighted in Rossi et al. (2009). However, diversification can also be a source of banking risk due
to several factors: increased volatility in non-interest income, higher fixed costs, lower regulatory
capital requirements for non-lending activities, lack of managerial expertise, insufficient information
about new product markets, exposure to new types of risk, and the fact that non-interest income can
be riskier and more correlated with interest income (Acharya et al., 2006). Additionally, franchise
value theory predicts that reduced management efficiency will encourage banks to take on more risk.
Williams (2004) found that poorly managed banks tend to extend lower-quality loans. Mwaurah
(2013) noted that managerial ability significantly influences banks’ risk-taking decisions. For
macroeconomic factors, economic growth (measured by GDP growth rate) and inflation (measured
by the Consumer Price Index) are considered control variables. Salas and Saurina (2002) showed that
during periods of economic growth, Spanish banks tend to expand lending activities to increase
market share, often at the expense of credit quality. Boyd and Champ (2003) argue that inflation
reduces the supply of credit available to businesses, affecting both the banking sector and the broader
economy. Inflation also lowers the real return on assets and savings while simultaneously
encouraging borrowing. This increase in personal and bank lending can, in turn, raise the probability
of default. Banks may respond to this by setting higher interest rates, which can mitigate the impact
on real returns but also increase the likelihood of default. A summary of the variables is presented in
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Table 1.
Table 1. Summary of variables
Variable Measurement
INDEPENDENT VARIABLE (RISK)
Zscore Ln((ROA+EA)/ SA.ROA)*(-1)
MARCROPRUDENTIAL POLICY INSTRUMENTS
MaPPLVR Lim et al. (2011)
MaPPLiq Lim et al. (2011)
MaPPLTD Lim et al. (2011)
MaPPLTI Lim et al. (2011)
MPI(Macroprudential Policy Index) Briguglio composit index (1995)
BANK SPECIFIC FACTORS
TA (Bank size) Natural logarithm of total assets
CI (Cost management) Operational cost/Total income
Credit (credit growth) Natural logarithm of Credit
NPL Non-performing loans to total gross loans
Divl (Income diversification) Non-interest Income/ Total income
MACRO FACTORS
GDP (economic growth) Real GDP growth rate
Inflation GDP Deflator
Financial Sanction Dummy 1 for intensified financial sanctions and 0 for non

Source: The authors synthesize from previous studies

In Table 1, the dependent variable, the Z-score, is accompanied by the independent variables,
including macroprudential policy instruments, the Briguglio composite index, bank-specific
variables, and macroeconomic factors such as inflation and financial sanctions.

4. Empirical testing of the model and findings

In this study, five different models were estimated, and the empirical results are presented in Table
4. Before estimating the models, it is necessary to evaluate the statistical properties of the data, as
shown in Table 2, and the stationarity tests, as presented in Table 3. The results of the Levin, Lin, and
Chu unit root test indicate that all variables in the model are stationary. Furthermore, the modified
Wald test for heteroskedasticity rejects the null hypothesis of homoscedasticity. Table 4 presents the
results of the model estimation.

Table 2. Descriptive statistics of variables.

Dependent variable Mean Std.Dev Min Max obs
Zscore 0.022 5.786 -42.469 9.970 240
Main regressors (MaPP)

MaPPLiq 453.765 3293.800 -80.744 44900 240
MaPPLTD 7.672 9.130 0.164 76.091 240
MaPPLTI 12.144 8.423 0.068 83.333 240
MaPPLVR 7.021 8.697 -11.834 70.899 240
MPI 0.321 0.173 -0.022 1.227 240
Control variables

TA 41.606 50.611 -29.240  418.678 240
CI 1.063 1.514 0.000 12.568 240
Credit 12.085 1.920 6.214 17.475 240
NPL 0.150 0.168 0.000 0.942 240
DIV1 0.575 0.404 0.000 3.406 240
RGDP 4.298 9.662 -4.299 36.255 240
Inflation 28.180 15.673 9.000 54.500 240
Sanction 0.800 0.4008 0.000 1.000 240
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Table 2 presents the descriptive statistics, including the mean, standard deviation, minimum and
maximum values, and the number of observations, for the banking risk variable and the independent
and control variables used in the estimations.

Table 3. Model Variables: Stationary Test

Variable L"FZ;Itl-Slt‘:lI;sCtll;u Probability sget:igor::r(i)tfy Difference or level

Zscore -3.450 0.000 1(0) Stationary at the level
MaPPLiq -223.800 0.000 1(0) Stationary at the level
MaPPLTD -3.733 0.000 1(0) Stationary at the level
MaPPLTI -2.469 0.006 1(0) Stationary at the level
MaPPLVR -2.019 0.021 1(0) Stationary at the level
MPI -3.2102 0.000 1(0) Stationary at the level
TA -6.520 0.000 1(0) Stationary at the level
CI -1.980 0.023 1(0) Stationary at the level
Credit -42.220 0.000 1(0) Stationary at the level
NPL -11.890 0.000 1(0) Stationary at the level
DIVI -2.030 0.025 1(0) Stationary at the level
RGDP -37.660 0.000 1(0) Stationary at the level
Inflation -8.700 0.000 1(0) Stationary at the level
Sanction -8.623 0.000 1(0) Stationary at the level

Table 3 presents the results of unit root tests for the banking risk, independent, and control
variables, all of which are found to be stationary in levels.

Table 4. Results of the study

Model 1 Model 2 Model 3 Model 4 Model 5
Zscorey.| 1.152™ 0.825" 0.255 1.113* 0.957"
MaPPLTI; 0.081
MaPPLTI;, 0.034
MaPPLTD; -0.005
MaPPLTD, 0.105™
MaPPLiq; -0.018
MaPPLiq. 0218
MaPPLVR, 0.076™
MaPPLVR, 0.003
MaPPIndex; 2.143
MaPPIndex. 1.257"
TA 1.466 -0.005™ -0.859" 2.363" -0.480
CI -0.812 -0.543" -0.737" -0.299 -0.764™
DIVL 0.239" 1.771" 1.387™ 1.143 -0.222
LnCredit -1.216 -0.000"" -0.000™* -1.462" 0.623
NTLA -2.036 -1.360 -0.315 -2.407™ -2.159
LnGDP 0.076 -0.119 -0.102 -0.770" 0.028
Deflator -0.016" -0.002 -0.011™" -0.002 0.003
SAN -0.614 -0.473" -0.584 -1.235™ -0.342"

* k% kkk gtatistical significance at 10%, 5% and 1%.

Statistical significance and direction (positive or negative) of the relationship between banking
risk and the five models are summarized in Table 4.

The estimated y coefficient in our dynamic model is statistically significant, indicating a stable,
highly persistent process in the credit risk of Iranian banks. In addition to model specification tests,
the Sargan test confirms the robustness of the estimation approach. Consequently, the estimate of y
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is statistically reliable. It reflects the persistence of bank credit risk in the Iranian banking system.

The estimated dynamic coefficient y in the baseline model lies in the interval 0 <y < 1, with a
value close to 1. This result reflects a high degree of persistence in the Z-Score indicator of bank
stability. Accordingly, shocks affect bank risk gradually over several periods and are consistent with
risk-taking behavior in the Iranian banking system.

Using the (LTI) as the macroprudential indicator in the first model, we examine bank risk-taking
using banking-specific variables (log of total assets, income diversification index, loan-to-asset ratio,
cost efficiency) as well as macroeconomic variables (GDP growth rate, inflation, financial sanctions).

According to the results, the coefficient on the lagged Z-score variable increases the Z-score,
indicating that an increase in the previous period's Z-score leads to an increase in the current period.
According to the coefficient of 1.152, Iranian commercial banks exhibit a self-reinforcing dynamic,
whereby conditions in the previous period become more severe in the subsequent period. This finding
underscores the importance of macroprudential intervention, as in the absence of such tools, banking
risk cycles may become self-amplifying.

The term self-reinforcing dynamics refers to high persistence and the strong influence of past-
period risk on current-period risk. This concept is directly related to the coefficient on the lagged
dependent variable (y) in the GMM model. When vy is positive and large (close to 1), this indicates
self-reinforcing dynamics, meaning that credit risk in the previous period plays a substantial role in
determining current credit risk. In the Iranian banking system, a high y coefficient indicates that
stability or instability (Z-score risk) is a persistent property.

Table 5. Model specification tests

Model specification tests
Model 1 Model 2 Model 3 Model 4 Model 5
statistic prob  statistic prob statistic prob statistic prob Statistic prob

-1.750  0.080 -2.457 0.014 2.024 0.042  -3.227  0.001 -2.195  0.028

Arellano and

Bond AR(1)

Serial

autocorrelation -0.401 0.688 -1.268 0.205 1.038 0.299 -0.990 0.320 -1.089 0.275
test AR(2)

Sargan test 4.308 1.000 1.239 1.000 6.152 1.000 4.360 1.000 4.995 1.000
Wald test 1779.140 0.000 1970.610 0.000 4894.470 0.000 4568.770 0.000 7314.690 0.000

Finally, Table 5 reports the results of the model specification tests, highlighting the combined
effect of macroprudential instruments on commercial banks' risk-taking behavior.

Because the coefficient for LTI is positive at 0.081 and the coefficient for the lagged LTI is positive
at 0.034, the LTI limit lowers bank risk. However, neither of these terms is statistically significant.
This might be because Iran's banks don't use the LTI tool effectively, and other risk factors, such as
balance sheet gaps and bad loans, are more important.

As a result of inflationary pressures and structural shocks, LTI is insignificant in Iran.

The second model uses the (LTD) as the macroprudential indicator. The coefficient of the lagged
Z-score variable is positive and significant, at 0.825. The positive coefficient of 0.105 on the lagged
LTD indicates that bank risk decreases as the Z-score improves, indicating reduced risk-taking by
banks.

The results demonstrate that the impact of LTD on the Z-score is positive but small in the current
period, but becomes positive and substantial with a lag. However, in the long run, it improves
financial stability by lowering liquidity demands and adjusting loan portfolios. This highlights the
importance of a long-term perspective in evaluating the effectiveness of macroprudential tools in Iran.

In the third model, the LIQ is used as the macroprudential indicator. According to the results,
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although the coefficient of the lagged Z-score is positive, it is not statistically significant. This
indicates that, when controlling for macroprudential tools, macroeconomic conditions, and bank-
fixed heterogeneity, there is no clear evidence of short-term stability in bank risk, and shocks and
policy interventions play a more dominant role than the system’s internal memory.

The effect of the LIQ variable on the Z-score is insignificant, but its lagged effect is positive and
significant at 0.218. LIQ can mitigate systemic risk in two ways: first, by directly influencing credit
growth, and second, by creating a liquidity buffer that can be used to reduce the severity of liquidity
crises when needed. The findings indicate the delayed impact of this macroprudential tool.

In Iran’s banking system, the effects of liquidity regulations are gradual and medium-term in
nature. In the context of GMM, the medium-term horizon is derived from the persistence parameter
(v) and is approximately 3—4 years, i.e., the time needed for half of the MPP effect on the Z-score to
dissipate. This implies that MPP in Iran must be implemented with a long-term outlook rather than
with expectations of immediate results.

In the fourth model, we utilize the effective LVR as the macroprudential indicator. According to
the results, the coefficient of the lagged Z-score variable increases the Z-score. Since the coefficient
is at 1.113, it indicates that the risk of Iranian commercial banks exhibits a self-reinforcing dynamic.

The positive and significant coefficient of the leverage ratio, at 0.076 in the current period,
indicates that higher bank capital immediately increases stability and reduces bankruptcy risk.
However, the lagged effect of this variable, although positive, is not significant. This suggests that
the effect of capital strengthening in Iran’s banking system is mostly immediate and short-term and
may lose its persistence in the medium term due to structural issues such as low asset quality,
accumulated losses, and the accounting nature of capital increases. A higher leverage ratio in Iran is
an immediate means of improving banking stability, but it is not sufficient to guarantee long-term
risk sustainability.

In the fifth model, the combined effect of macroprudential tools (MAPP) on bank risk-taking is
examined alongside other variables. The coefficient of the lagged Z-score is positive and significant
at 0.957, thereby increasing the Z-score. The coefficient of MAPP is 2.142 and statistically
insignificant, while the lagged MAPP coefficient is positive and significant at 1.257. This indicates
that the combined use of macroprudential tools has the greatest impact on the Z-score and,
consequently, on bank risk-taking compared to the other models.

In all five models, the three bank-specific variables consistently enhance financial stability and
reduce bank risk-taking by enhancing the Z-score. As a result, the debt-to-asset ratio (LVR) has the
greatest impact on the Z-score.

The coefficient on bank size (SIZE) is negative and significant in two of the five models. Larger
banks do not necessarily exhibit lower risk (i.e., higher Z-scores). This may be due to greater risk-
taking by large banks that anticipate government support. The effect of bank size in Iran is nonlinear
and complex. In the Iranian economy, larger bank size does not automatically imply greater stability.
This finding aligns with international studies in developing countries, which show that large size,
without risk management and asset quality control, can negatively affect banking stability.

Two out of five models have a positive and statistically significant income diversification index
(DIVL) coefficient, suggesting that diversifying income sources made the banking industry more
stable. Depending on the state of the economy and the quality of the income, income diversification
may or may not help banks mitigate risk. In all models, the net loan-to-asset ratio (NLTA) coefficient
is positive but not statistically significant. This suggests that lending volume is not a reliable risk
indicator, particularly in countries like Iran, where lending is either mandatory or asset quality is low.
The actual risk effect depends more on loan quality and credit management.

The insignificance of NLTA reflects the failure of asset-growth restrictions to mitigate the risks
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embedded in non-productive assets within Iranian banks.

Three of five models have a negative and significant cost-efficiency index (CI), suggesting that
higher cost-to-income ratios, indicative of less efficiency, are associated with higher risk. This
highlights that cost control and operational efficiency are important factors in banking stability. The
lending volume index (LCRE) coefficient is negative and significant in two out of five models,
indicating that high credit volumes in some banks are associated with increased risk, likely due to
concentration in high-risk or low-quality loans. This is in line with NLTA's insignificance and
demonstrates that distribution and quality of loans are more important than quantity alone.

One of the macroeconomic variables that has a negative and significant impact on most models is
financial sanctions (FSAN). This means that sanctions increase bank risk by restricting access to
foreign resources, reducing liquidity, and creating uncertainty. As a result, the Z-score goes down.
As a result of banks' reliance on government policies, mandated lending, or structural economic
volatility, GDP growth is insignificant across all models with mixed signs, indicating that economic
growth does not directly or sustainably affect bank risk in Iran. The inflation variable (GDP deflator)
is negative and significant in two models, indicating that high inflation reduces banking stability; real
asset values decline, and credit costs rise, thereby increasing risk.

In Iran, bank credit risk is primarily influenced by structural shocks rather than cyclical factors,
and by multicollinearity between GDP and sanctions.

5. Conclusion and policy recommendations

The empirical evidence confirms that MPP is vital for curbing excessive risk-taking in Iran.
However, its effectiveness depends heavily on the specific tool selected and its associated time
horizon. A key finding is that, when viewed from an instrument-hierarchy perspective, leverage ratios
are the best immediate risk mitigation. In contrast, long-term liquidity requirements are necessary for
medium-term stability. Second, regarding the lag factor, macroprudential interventions in Iran do not
yield immediate results, except for capital-based ratios, which require a long-term policy outlook of
3 to 4 years to achieve a significant impact. Third, on structural obstacles, the dominance of financial
sanctions and persistent inflation reduces the efficacy of cyclical tools, necessitating a shift toward
resilience-buffer instruments. Fourth, on internal vs. external drivers, bank-specific factors,
specifically operational efficiency and loan quality, are more predictive of stability than
macroeconomic growth. The ultimate solution to banking stability in Iran is to strengthen capital
through leverage limits and to apply liquidity tools to mitigate the deep-seated risks posed by inflation
and external shocks.

It is recommended that the Central Bank of Iran adopt a tiered strategy for implementing
macroprudential tools to enhance banking stability. In this regard, the priority would be immediate
stability through the leverage ratio. To this end, the action needed is to designate the leverage ratio
(LVR) as the primary, central anchor of the macroprudential framework. The timeline would be short-
term. The rationale is that, unlike other tools, the leverage ratio has an immediate impact on reducing
bankruptcy risk and increasing stability. In contrast to demand-based tools, it is an immediate capital
buffer that does not suffer from implementation delays.

The second priority would be medium-term resilience through liquidity controls. To this end, the
action needed is to implement and maintain strict loan-to-deposit ratios and liquidity requirements
(LIQ). The timeline would be medium-term (3—4 years). The rationale is that these tools exhibit a
lagged effect. Their benefits in reducing liquidity pressures and credit growth only become significant
after the system memory adjusts. Policymakers must maintain these restrictions for at least 3—4 years
to allow half of the policy effect to manifest in the Z-score.

The third priority would be sequencing and tool combination. To this end, the necessary action is
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to shift from isolated tool use to a coordinated macroprudential package. In terms of sequencing, the
Central Bank needs to begin with LVR to stabilize capital, followed by the simultaneous deployment
of LTD and LIQ to manage credit expansion over the medium horizon. The focus should be on
moving away from demand-based tools like Loan-to-Income (LTI) ratios, which are currently
ineffective in Iran due to high inflation and structural shocks.

The fourth priority would be addressing internal bank efficiency. To this end, the necessary action
is to enforce strict cost-efficiency (CI) and loan-quality mandates rather than focus on lending
volume. The rationale is that high credit volumes are currently associated with increased risk due to
low-quality or mandated lending. Efficiency and internal risk management are more influential for
stability than bank size or simple volume restrictions.
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1. Introduction

The ESG framework has gradually evolved into a comprehensive framework for evaluating
corporate performance across all ESG dimensions and has increasingly become a key criterion for
investors (Zhao et al., 2018). This framework not only influences investment decisions but may also
directly affect CMS. Sustainable and responsible investment opportunities are increasingly sought
after by investors (Wu et al., 2022). According to Landi and Sciarelli (2019), companies with strong
ESG performance are more likely to respond to market changes than others, driven by the growing
demand for such investments. At the same time, firms that place greater emphasis on ESG-related
issues tend to experience lower levels of risk, including ESG risks (Devalle et al., 2017). By allocating
capital to such firms, investors may reduce the overall risk of their portfolios. This risk reduction, in
turn, contributes to lower sensitivity of these firms’ stock prices to market fluctuations (Sassen et al.,
2016). Investors are increasingly favoring companies with strong ESG performance as ESG's
importance grows. Investing behavior is expected to shift towards sustainable principles, resulting in
higher valuations for companies. Accordingly, short-term volatility in stock prices may result from
changes in investor expectations and increased competition for investments in ESG-oriented
companies (Bermejo Climent et al., 2021).

In today's investment world, relying only on financial returns is no longer enough. Non-financial
factors, such as ESG issues, have become important in investors' decision-making (Torricelli and
Bertelli, 2022). In this situation, Iran is in a unique position as an economy in transition, facing many
problems, including rising inflation and economic sanctions. The economic sanctions against Iran
and the large swings in inflation have made it harder for businesses to operate and have affected
investors' choices. Investor trust could be boosted if companies pay attention to ESG factors in these
situations. Several contextual elements, such as business ownership structures, governmental
involvement in the economy, and the degree of capital market growth, may influence the Iranian
capital market's responsiveness to ESG variables. Consequently, the current study examined the
influence of ESG performance on CMS in Iran. Considering Iran's specific economic conditions,
including economic sanctions and high inflation, the need for research on the effect of ESG on CMS
in this nation is especially evident. Since most research has focused on reputational risk (ESG) and
financial performance (Sabouri and Allahyari, 2023), this study is notable. This research found that
ESG reporting affects investors' risk perceptions (Bakhtiari, 2024), business performance risk
(Aldieri et al., 2023), and investment efficiency (Hu et al., 2023). No study has, though, looked at this
issue in the Iranian capital market.

Additionally, the study's main contribution is the examination of the moderating effects of
economic sanctions and inflation on the correlation between ESG performance and sensitivity to
capital markets. Thus, the study used these elements to investigate the impact of ESG on capital
market responses to sanctions and extreme price volatility. This method may help Iranian politicians
and investors make better judgments by making the results more applicable to their real-world
situations. There is a lack of research in the Iranian capital market regarding the moderating effects
of sanctions and inflation on the relationship between ESG and market sensitivity. Additionally, there
is no investigation into the mechanisms through which ESG impacts market sensitivity in the context
of sanctions and high inflation. Thus, the study contributes to the body of knowledge in this area by
filling a gap in the literature. In other words, although both financial and non-financial factors have
been shown to influence CMS in Iran, the present study demonstrates that, alongside financial
activities, the environmental dimension of non-financial activities may also affect CMS in the Iranian
context. Two other areas that could help improve future studies are refining methods for measuring
CMS and developing ESG indices relevant to Iran's context. Concurrently, this study aids Iranian
scholars, politicians, and market participants in the capital market by illuminating the effect of ESG
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on the market in light of Iran's unique economic conditions, thereby enabling better decision-making.
In today's complex financial markets, many factors affect asset values; it is crucial to identify and
quantify them. Examining the relationship between ESG performance and CMS contributes to a
clearer understanding of the role of non-financial factors in asset pricing. Investors, analysts, and
lawmakers can all benefit from this kind of data when making decisions. This area of study also
broadens understanding of investment and finance by posing new questions about how different ESG
dimensions affect market sensitivity and interact with other economic variables. The study helps fill
the gap in the Iranian capital market left by prior research. Furthermore, these kinds of studies not
only contribute to what is already known but also lay the groundwork for future research. Overall,
examining the relationship between ESG performance and CMS contributes to a more comprehensive
understanding of financial market behavior and supports more informed investment decisions. With
this information in hand, the boundaries of financial research can be pushed, and even more
sophisticated financial products can be created. In light of the growing importance of ESG in
investment decision-making and Iran's unique economic environment, analyzing the impact of ESG
on corporate social responsibility is of great interest. Through a review of existing literature and an
analysis of data collected from Iranian firms, this study attempts to shed light on the factors that
moderate the impact of ESG on CMS in Iran. Therefore, the research questions addressed in the
present study are as follows:

Is there a significant relationship between ESG factors and CMS among Iranian firms? Which
factors influence the strength of this relationship? Do economic sanctions and inflation exert a
moderating effect on the relationship between ESG performance and CMS?

2. Theoretical background and hypothesis development

ESQG, as a central concept in the contemporary business environment, has increasingly influenced
firm size and growth. Companies that follow ESG principles and perform better in ESG areas often
have significant advantages over their competitors (Wu et al., 2022). Companies that follow ESG
principles may be able to access new sources of funding, build stronger relationships with customers
and business partners, and reduce the risks associated with climate change and social issues. In
addition, companies that focus on ESG usually have a better image and credibility, which makes it
easier to find and keep qualified workers. As a result, these companies are often able to grow faster
and more sustainably than their competitors (Torricelli and Bertelli, 2022). On the flip side, if ESG
principles are not adequately addressed, the firm's size can decrease. The Nasdaq (2019) reports that
companies risk sanctions, heavy fines, and declining consumer demand if they damage the
environment, violate workers' rights, or fail to maintain transparent corporate governance. A decrease
in firm size, an increase in operational expenses, and a decrease in market share are all possible
outcomes of these issues. According to Aydogmus et al. (2022), investors are increasingly investing
in companies that adhere to ESG principles and avoiding those with poor ESG performance. One of
the main factors influencing an organization's ownership structure is the firm's size. A smaller number
of key shareholders, such as the founders, their families, or early-stage investors, tend to hold the
majority of the shares in a smaller corporation. Among the reasons for this concentration of ownership
are the need for seed money, the desire to keep management in charge, and the desire to save on
monitoring costs. Owners of smaller businesses with larger responsibilities and a greater interest in
maintaining the company's autonomy and character are more likely to be involved in management
(Boshnak, 2025).

Companies' ownership arrangements also change as they grow bigger. Rahman and Hossain
(2023) found that a wider variety of investors own a greater percentage of shares in large corporations.
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Van Duuren et al. (2016) suggested that large enterprises are more attractive to institutional investors,
and financial resources are needed to support growth and expansion. These companies often have
institutional shareholders who want to get the most out of their money and have a lot of say in how
the company runs. According to Akgun et al. (2021), managers' decision-making, information
disclosure transparency, and investors' responses to changes can be influenced by the kind and
concentration of ownership. The ownership structure of firms with a small number of large
shareholders is less affected by market changes than that of firms with more dispersed ownership
(Rahimzadeh et al., 2022). According to Zhou et al. (2022), these powerful shareholders tend to think
in the long run and prioritize the development of long-term value. There is a greater likelihood that
businesses with a dispersed ownership structure will be sensitive to market changes than companies
with many small shareholders. Faster, more noticeable shareholder reactions to news and events are
common in such organizations because no single shareholder has sufficient power to influence
corporate decisions. The presence of institutional investors, such as pension funds and insurance
companies, also plays an important role in shaping market sensitivity. The decisions of these investors
are usually more influenced by their greater wealth and knowledge. They may place greater value on
ESG factors because of their propensity for long-term, sustainable investments. Firm performance
and information transparency can both be improved by institutional investors, thereby lessening the
impact of market fluctuations (Bolibok, 2024). Shan et al. (2025) demonstrated that implementing
ESG practices enhances financial stability and market attractiveness while also incurring additional
operating costs. Investments in innovation and capital expenditures are also likely to rise among
companies with better ESG performance. While investing in innovation can yield promising results,
it is associated with more uncertain outcomes and has a smaller impact than capital expenditures,
which greatly improve financial performance. Moreover, the financial performance of non-state-
owned and non-polluting firms appears to be more sensitive to fluctuations in ESG performance.
Similarly, Yang et al. (2025) reported a positive relationship between ESG performance and the use
of an abnormally positive tone in annual reports. Mechanistic investigations also show that managers
of companies that perform well in ESG areas are likely to use overly positive rhetoric, largely due to
personal gains from equity-based pay. In an effort to alleviate the pressure from broader coverage by
financial analysts and to enhance perceptions shaped by analysts’ reports, managers of firms with
higher ESG performance also tend to adopt a more aggressive tone in their annual disclosures.

Accordingly, in light of the foregoing discussion, a firm’s ESG performance may directly
influence its stock price. In addition, market regulators have increasingly recognized the importance
of ESG considerations and have undertaken initiatives to encourage firms to disclose ESG-related
information and to establish unified standards in this area. Such measures have contributed to greater
market transparency and enhanced investor confidence (Bissoondoyal-Bheenick et al., 2023). In the
end, ESG considerations have a significant role in how investors react to changes in the capital
markets (Pu, 2023). There is less market volatility and more competitive advantage for firms that
follow ESG principles and perform well in this area (Zhao et al., 2018). In light of the foregoing, the
following is the formulation of the research hypothesis:

H1: ESG performance has a negative and statistically significant effect on CMS.

Moreover, consistent with the existing literature (Sabouri and Allahyari, 2023; Bakhtiari, 2024;
Aldieri et al., 2023; Hu et al., 2023; Yang et al., 2025; Shan et al., 2025), the effect of ESG
performance on CMS may be moderated by different environmental, economic, and political
conditions. In particular, inflation and economic and political sanctions may alter the strength or
direction of the ESG effect. Under conditions of high inflation, economic pressures, and rising
operating costs, firms’ resources and capacity to implement ESG strategies may be constrained
(Bissoondoyal-Bheenick et al., 2023). In other words, inflation may constrain firms’ financial
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resources and pose challenges to implementing sustainable development projects, investments in
green technologies, or social programs, thereby weakening the positive effect of ESG performance
on reducing CMS.

On the other hand, economic sanctions and political pressures may restrict firms’ access to
international financial markets, foreign suppliers, and overseas investors (Pu, 2023). These
constraints not only increase firms’ operational and financial risks but also moderate the capacity of
ESG performance to reduce volatility and enhance investor confidence. Simply put, when faced with
sanctions-related pressures, even companies that excel in ESG metrics may not fully benefit from
ESG's buffering impact on CMS. The importance of ESG factors is further highlighted by the fact
that inflation and sanctions could increase economic uncertainty and systemic risk. Some protection
against market volatility may be available to companies with strong ESG practices (high
transparency, effective risk management, and sustainable performance). However, it will likely be
less than under normal conditions. Hence, sanctions and inflation are moderating factors that might
make ESG performance less effective at reducing market sensitivity or more effective. Therefore,
when studying the relationship between ESG performance and CMS in emerging nations, it is
important to carefully account for this moderating effect. In light of this, it is important to consider
environmental and economic factors when studying the impact of ESG on market sensitivity;
otherwise, our findings may be flawed. Inflation and sanctions can act as moderating factors, helping
explain how ESG issues affect market stability and investor confidence.

3. Methodology

Using current financial data, this study employed a causal-correlational design and a quasi-
experimental, ex post facto research methodology within the framework of positive accounting
research. From the perspective of its nature and objectives, the research was applied, as applied
studies aim to develop practical knowledge in a specific field. At the same time, with respect to data
collection and analytical procedures, the study followed a causal—correlational approach.

3.1. Study population
In this research, all companies listed on the Tehran Stock Exchange between 2014 and 2023 were
included in the statistical population.

3.2. Sampling method
Elimination sampling was employed systematically. After applying the following criteria, the final
research sample was selected:
1. Firms had been listed on the Tehran Stock Exchange by the end of 2013.
2. Firms had provided complete financial information required for this study throughout the
research period.
3. Firms were not classified as investment companies, banks, insurance companies, or other
financial intermediaries.
Based on the information collected as of the end of 2023, the final sample was determined in
accordance with Table 1.

3.3. Data collection methods and instruments

The required data for this study were collected from multiple sources, depending on their nature.
Information related to the research literature and theoretical foundations was obtained from library-
based sources, academic journals, and relevant online resources. Firm-level information, specifically
balance sheets and income statements, was used as the primary research instrument.
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Table 1. Number of firms in the statistical population and application of sample selection criteria

Firms Excluded Over the Entire Total Number of
Period Firms

Total firms listed on the Tehran Stock Exchange 408

Exclusion of financial intermediation, financing, 88

insurance, and investment firms

Exclusion of firms that entered the stock exchange

during the study period

Exclusion of firms with trading suspension exceeding

three months (due to the use of stock price volatility 144

variables)

Statistical population 151

Description

55

Tadbir Pardaz!, Rahavard Novin,? and other databases linked to the Tehran Stock Exchange, as
well as reports issued by the Tehran Stock Exchange Organization, provided the raw data needed to
test the research hypotheses. These data were obtained through direct reference to the sources,
primarily by reviewing disclosure reports available on the CODAL platform, and were subsequently
collected manually. In addition, comprehensive discs from the Tehran Stock Exchange Organization
and rdis® website were consulted, along with other relevant sources as necessary.

3.4. Data analysis procedure

The data analysis was conducted using a panel data structure, combining cross-sectional and
annual observations. To test the research hypotheses, multivariate linear regression techniques were
employed. Descriptive and inferential statistical methods were applied to analyze the collected data.
The descriptive analyses were performed using frequency distribution tables. In contrast, the
inference analyses were conducted using the F-Limer test, the Hausman test, normality tests, and
multiple linear regression.

3.5. Research model
To test the research hypothesis, Model (1) was employed as follows:
Model (1)
MS;; = ay + a1 ESGi + a,0ver.Cony + azlevy + a,GRW; + assize; + agage;; + a;roa;,
+ agloss;s + aoBSIZE;; + a,(CFO;; + a1, TA; + azInflation;: + a,3Sanction;;
+ a,,Yeary + asIndustry;: + €;¢

3.6. Research variables
3.6.1. Independent variable
ESG: Environmental, social, and governance reporting

The weighted framework employed in this study to measure ESG performance was adopted from
Fakhari et al. (2018) and is specified as follows:

ESG = 0.337E + 0.388s + 0.275G

In this study, ESG represents the composite score of ESG reporting (according to Table 2). E
denotes the environmental dimension score, S represents the social dimension score, and G refers to
the governance dimension score.

1 https://etadbir.portal.trade/
2 https://rahavard365.com/
3 rdis.ir
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Table 2. Indicators of environmental, social, and governance dimensions

Governance Dimension

Social Dimension Indicators

Environmental Dimension Indicators

Indicators
Erg(;ltfsctlon of shareholders Health, safety, and productivity Pollution, emissions, and waste
Committees Labor rights Energy, efficiency, and water

Risk management
Performance-based
compensation

Ethics and codes of conduct
Corporate governance
disclosure

Regulatory compliance
Board composition

Investment risk management

Related-party transactions

Number of board meetings
Corporate website availability
Information timeliness
Ownership structure

Future plans

Employment reporting

Stakeholder social perception

Product health and safety
Non-discrimination and social inclusion
Customer and supply chain social issues

Compliance with human rights
principles

Social development and philanthropy
Corporate social responsibility
investment

Brand protection and anti-competitive
behavior

Social learning and training

Social disclosure

Biodiversity
Climate change

Environmental risk assessment
Service and supply chain environmental
issues

Environmental training
Environmental management systems

Environmental disclosure

After reviewing the board of directors’ reports and the accompanying explanatory notes, a value

of one was assigned if any of the indicators or their subcomponents were disclosed. In the final stage,
each of the three dimensions was scored separately, and the aggregate ESG score was calculated using
the weighted scheme ESG = 0.337E + 0.388S + 0.275G, through which the final ESG score
was obtained.

3.6.2. Dependent variable
CMS (MS)

Beta: Beta is one of the most widely used indicators for measuring a stock's sensitivity to market
movements. Compared to the market, a stock with a higher beta is more volatile.

Volatility: Volatility reflects the degree of price fluctuations of a stock or an index over a specific
period. Higher volatility indicates greater market sensitivity.

Sharpe Ratio: An index of excess return relative to risk, derived from the standard deviation.
When volatility increases while returns remain constant, the Sharpe ratio declines, indicating higher

market sensitivity and is calculated as follows:
) R; — Ry
Sharpe Ratio = ———
Oj
where:
e  R;=The average annual return of the company i’s stock

e  R¢=the risk-free rate (in this study, the rate of Iranian government bonds was used)
e  0,= The standard deviation of the company i’s stock returns over the study period

3.6.3. Moderating variables
Sanction Intensity: The number of imposed sanctions, including financial, banking, oil-related,
and other types, measures the severity of sanctions. Sanction intensity represents the level of
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economic pressure and international restrictions imposed on a company or country, measured
quantitatively. The sanction intensity index is derived based on the number and severity of sanctions
imposed by recognized international and governmental institutions. The numerical scale of this index
is normalized to range from 0 to 1, where 0 indicates no sanctions, and 1 represents the highest level

of sanctions.

Inflation: In this study, inflation is measured using the annual Consumer Price Index (CPI). This
index reflects the general price level of goods and services consumed by households in each year and
is used as a continuous variable in the model. Using the annual CPI allows for the assessment of the
impact of overall price levels on the study variables.

In Regression Model 2, the inflation and sanctions variables were entered as continuous variables
to accurately capture their quantitative effects on the dependent variable. Using dummy variables for
these factors could have led to excessive simplification and the loss of valuable quantitative
information, thereby reducing the precision of the estimated effects. Therefore, including these
variables as continuous variables was deemed more appropriate given the research objectives and the
nature of the data. This approach allows examination of actual effects and small variations in variable
values, resulting in more reliable and meaningful analytical outcomes.

3.6.4. Control variables

Managerial overconfidence (Over.CON): This study used an index based on excessive investment
in assets to quantify managerial overconfidence. This metric follows the work of Schrand and
Zechman (2012) by accounting for out-of-the-ordinary investments in assets, and is calculated as the
residuals from regressing total asset growth on sales growth, with each industry-year's estimates
assessed independently. The indicator is set to 1 if the regression residual is greater than 0, and to 0
otherwise. The use of this measure is grounded in the premise that, in firms where asset growth
exceeds sales growth, managers tend to invest more aggressively than their peers, reflecting higher
levels of managerial overconfidence.

Assets. Gryy = ag + a,sales. Gry + €

LEYV (Financial Leverage): Leverage is the ratio of total liabilities to total assets for a given year.

Age (Firm Age): Firm age is defined as the length of time elapsed from the firm’s establishment
to the year under examination.

Size (Firm Size): Firm size is measured as the natural logarithm of total assets.

ROA (Return on Assets): ROA is calculated as net income divided by total assets for the current
year.

GRW (Sales Growth): Sales growth is measured as the difference between current-year sales and
prior-year sales, divided by prior-year sales.

Loss (Loss Indicator): During the past year, this variable equals 1 if the firm reported a loss and
0 otherwise.

TA (Asset Turnover): A firm's asset turnover is calculated by dividing its sales by its total assets.

Bsize (Board Size): Board size is defined as the number of board members in the year under
review.

CFO (Operating Cash Flow): Operating cash flow is measured as operating cash flow divided by
total assets.

Year: Year dummy variable.

Industry: Industry dummy variable.
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4. Data analysis
4.1. Descriptive statistics

A qualitative analysis of CMS was conducted using data from 151 companies over the period
2014-2023. According to Table 3, the mean values of the dependent variables indicate that beta, with
an average of 0.764, exhibits the highest mean among the sensitivity indicators, followed by stock
price volatility (VOL) with a mean of 0.592 and the Sharpe ratio (SHARP) with a mean of —0.989.
These findings suggest that, within the sample, variations in firms’ systematic risk (beta) are more
pronounced than those reflected in the other indicators. At the same time, risk-adjusted performance,
as measured by the Sharpe ratio, is relatively lower. A metric of stock price volatility shows 1.847
standard deviations, followed by the Sharpe ratio at 1.780, and beta at 0.774. This trend shows that
companies' sensitivity to changes in the capital market varies widely. The independent variables
indicate moderate dispersion and notable differences among firms in terms of ESG. A standard
deviation of 1.236 is associated with the mean ESG performance score of 2.785. Mean values and
acceptable levels of dispersion are also displayed by other control variables, such as board size
(BSIZE), leverage (LEV), sales growth (GRW), and profitability (ROA). As the skewness and
kurtosis statistics indicate, some variables have asymmetric distributions with relatively high values;
for example, board size and stock price volatility. We should consider robust regression methods in
future analyses. We find that indicators such as ESG_INFLATION and ESG_SANCTION have
positive mean values and considerable dispersion in our descriptive statistical analysis of the
interaction variables and market sensitivity measures. Thus, the effects of macroeconomic conditions
and sanctions on firms' ESG performance are heterogeneous. This means the data are not normally
distributed because both the Jarque-Bera statistics and their p-values are zero for every variable.
Because of this, multiple regression models are well-suited to studying how ESG performance affects
CMS, given the dataset's high dispersion and variability.

Table 3. Descriptive statistics of quantitative research variables

Variable Mean Median Maximum Minimum Std. Dev. Unit
BETA 0.764 0.765 4.180 -2.340 0.774 Index
ESG 2.784 2.625 8.539 1.100 1.235 Score
AGE 1.601 1.638 1.857 1.079 0.151 Log (years)
BSIZE 5.013 5.000 7.000 0.000 0.288 Number
CFO 0.124 0.102 0.726 -0.460 0.146 Ratio
GRW 0.471 0.372 18.169 -0.909 0.739 Percentage
INFLATION 0.330 0.412 0.523 0.090 0.164 Percentage
LEV 0.527 0.523 1.725 0.031 0.216 Ratio
LOSS 0.072 0.000 1.000 0.000 0.260 Dummy (0/1)
OVERCON 0.287 0.000 1.000 0.000 0.452 Dummy (0/1)
ROA 0.170 0.139 0.699 -0.400 0.161 Percentage
SANCTION 3.602 3.688 4.787 2.079 0.742 Index
SIZE 6.671 6.557 9.510 4.827 0.761 Log (assets)
TA 0.259 0.218 0.932 0.006 0.185 Ratio
ESG _INFLATION 0.915 0.790 3.242 0.099 0.631 Interaction
ESG_SANCTION  10.062 9.070 40.880 2.287 5.096 Interaction
VOL 0.592 0.075 24.234 -0.993 1.847 Percentage
SHARP -0.988  -0.760 0.710 -45.550 1.780 Ratio

4.2. Multicollinearity test

To examine multicollinearity among the explanatory variables in the models, the variance inflation
factor (VIF) test was used. All models' multicollinearity test results are identical because the
explanatory variables are identical. Based on the calculated statistics, the VIF values for all variables
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and the overall mean VIF across the regressions are below the 5 threshold. Consequently, there is no
evidence of multicollinearity among the explanatory variables, indicating that multicollinearity does
not pose a concern in the specified regression models.

4.3. Correlation matrix results

Pearson correlation coefficients were employed to examine the relationships among the variables
included in the models. This test assesses the pairwise associations between the variables, and its
results are reported in the correlation matrix presented in Table 4. The diagonal elements of the
matrix, which represent the correlation of each variable with itself, are equal to one, indicating perfect
correlation. Stronger positive correlations are observed near 1, whereas weaker correlations are
observed near 0. Negative values indicate inverse relationships between variables. Correlation
coefficients were positive and statistically significant at the 99% confidence level, indicating that the
variables were related.

4.4. Estimation of the research model

Table 5 presents the results of the diagnostic tests for the first research model. The F-test, Hausman
test, Breusch-Pagan test, serial correlation examination, and model specification test are all examples
of these tests.

To assess the feasibility of pooling the data, the F-Limer test was applied. The null hypothesis of
this test assumes that the data are poolable. The test statistic equals 1.276, which is greater than the
critical F value. Accordingly, the null hypothesis is rejected, and it is concluded that the model should
be estimated using panel data techniques.

Subsequently, the Hausman test was employed to determine whether a fixed-effects or random-
effects specification is more appropriate. The test statistic for the Beta model is reported as 382.41,
and the results for the other indicators are also statistically significant. Given that these values exceed
the critical y* values, the null hypothesis of random effects is rejected, indicating that the fixed-effects
approach is the most suitable estimation method.

The Breusch—Pagan test was used to determine whether the regression residuals are
homoskedastic. The results show that the test statistic is 92.672, which exceeds the critical y* value.
Therefore, the null hypothesis of homoskedasticity is rejected, implying the presence of
heteroskedasticity in the regression residuals.

Based on the diagnostic test results, the research model was estimated using the fixed-effects
approach. Table 6 reports the estimation results for the first model. CMS is negatively impacted by
ESG performance, and the effect is statistically significant. Specifically, for the beta (Beta) indicator,
the coefficient on ESG is —0.252 with a p-value of 0.0000, implying that a one-unit increase in ESG
performance is associated with a 0.252-unit reduction in beta. There is a statistically significant
difference between firms with higher ESG performance and firms with lower systematic risk.
Regarding the volatility of stock prices (Vol), the ESG coefficient is —0.0647, with a p-value of
0.0218. This indicates a strong correlation between stronger ESG performance and lower volatility in
business returns, which in turn leads to more stable capital markets. For the Sharpe ratio (Sharpe),
the ESG coefficient is —0.0811 with a p-value of 0.0218. This negative and statistically significant
effect indicates that higher ESG performance is associated with a decline in the risk-adjusted return
ratio. Rather than a decrease in absolute returns, this reduction is attributed to lower risk and market
volatility. Some financial and economic variables, on the other hand, have distinct impacts. Sanctions
(SANCTION) raise CMS, as shown by their positive and statistically significant impact on all indices
(p-value = 0.0000).
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Table 4. Result of diagnostic test of the first model

Beta Sharp Vol ESG AEG BSIZ CFO GR INFLATIO LEV LOS OVERCO ROA SANCTIO SIZE TA
e E W N S N
Beta 1.00
0
Sharpe 0.00 1.000
4
Vol 0.57 0.001 1.00
2 0
ESG 0.19 0.018 0.00 1.00
1 2 0
AEG 0.00 0.012 0.00 0.02 1.00
0 2 4 0
BSIZE 0.00 0.623 0.01 0.03 0.01 1.000
3 5 0 0
CFO 0.09 0.017 0.06 0.03 0.04 0.002 1.00
8 1 0 4 0
GRW 0.01 0.053 0.00 0.17 0.08 0.071 1.54 1.000
6 0 8 1
INFLATIO 7.58 0.316 0.64 0.07 0.09 0.022 1.17 0.005 1.000
N 0 8 3 7 1
LEV 0.02 0.077 0.17 0.18 0.00 0.121 0.17 0.118  0.037 1.00
1 3 4 0 8 0
LOSS 0.00 0.000 6.96 0.28 0.03 0.004 0.00 0.010  -0.017 0.61 1.000
4 0 8 2 0 2
OVERCON 0.05 0.913 0.01 0.11 0.01 0.005 3.67 0.004  0.070 - 0.075 1.000
9 7 4 4 0 0.12
3
ROA 0.28 0.000 0.00 0.00 0.29 0.010 0.00 0.001  -0.073 - - 0.080 1.00
9 7 1 1 6 0.01 0.021 0
8
SANCTION  0.01 0.016 0.16 0.09 0.00 0.311 0.05 0.000  -0.060 0.00 - 0.041 - 1.000
5 8 0 1 6 1 0.115 0.10
7
SIZE 0.99 0.234 0.08 0.06 0.00 0.010 0.01 0.057  -0.002 - - 0.913 - 0.33 1.00
3 6 6 1 1 0.12 0.025 0.02 0
5 0
TA 0.00 0.000 0.13 0.86 0.07 0.052 0.00 0.339  0.062 - 0983 -0.073 - -0.0472 - 1.00
0 3 5 2 0.30 0.05 0.01 0
6 5 7

Table 5. Results of diagnostic tests for the first model

> pers
Test Name Be:)z; (Fc)hl P-Value ( CSl:li?l(EeF) P-Value (X(l)lli?t(;?tl}?,) P-Value
Poolability Test (F-Limer) 1.276 0.018™ 1.258 0.025™ 2.510 0.000™"
Hausman Test 382.41 0.000™" 34.73 0.000™" 85.14 0.000™"
Breusch—Pagan Test 92.672 0.000"*" 84.470 0.000"*" 177.142 0.000™"

Note: The null hypotheses of the tests assume pooled data and homoskedasticity; * denotes significance at the 90%
confidence level, ** at the 95% confidence level, and *** at the 99% confidence level.

As inflation rises, investors may be more hesitant to invest in risky assets, as evidenced by a
negative and statistically significant correlation between inflation and the beta indicator (p = 0.0023).
Other variables, such as firm age, board size, financial leverage, and sales growth, are largely
insignificant. Overall, the results demonstrate that improvements in ESG performance are
significantly associated with reductions in CMS. ESG plays an important role in mitigating systematic
risk and promoting investment sustainability through lower beta values and reduced volatility. The
overall model statistics indicate that the R-squared and adjusted R-squared values are moderate,
suggesting that the model variables explain some of the variation in market sensitivity. At the same
time, additional factors may also influence it. Moreover, the overall significance level of the model
1s 0.000, which is below the 5% threshold, confirming that the model is statistically significant.
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Table 6. Estimation results of the first research model

beta sharp vol
Variable Coefficient P-Value  Coefficient  P-Value Coeffmen P-Value
ESG -0.252 0.000"" -0.064 0.000"* -0.081 0.021™
OVERCON 0.026™ 0.179 -1.215 0.179 -0.787 0.000"*"
LEV 0.233 0.203 0.874 0.203 -0.010 0.976
GRW -0.002 0.928 0.054 0.928 0.052 0.360
SIZE 0.073 0.348 0.096 0.348 -0.272 0.009™"
AGE -0.073 0.877 0.620 0.877 0.295 0.513
ROA 0.201 0.439 1.114 0.439 -1.976 0.000™"
LOSS -0.134 0.162 0.407 0.162 -0.167 0.542
BSIZE -0.093 0.270 -0.069 0.270 -0.078 0.395
CFO -0.268 0.165 0.140 0.165 0.981 0.031™
TA 0.369 0.050™ 0.621 0.050™ -0.433 0.191
INFLATION -1.161 0.002™" 0.677 0.002™ -0.471 0.385
SANCTION 0.343 0.000™" 0.123 0.000™" 1.032 0.000"*"
C -0.205 0.833 -3.663 0.833 -0.457 0.578
R-squared 0.277 0.298 0.446
Adjusted R-squared 0.171 0.196 0.365
S.E. of regression 0.704 1.596 1.471
Sum squared resid 581.751 2987.381 2536.131
Log likelihood -1344.346 -2443 811 -2333.766
F-statistic 2.628 2.915 5.529
Prob(F-statistic) 0.000™" 0.000™" 0.000™"

4.5. Additional analyses
The severity of sanctions and inflation's moderating effect on the ESG relationship and CMS were
investigated in Model 2, as well as in additional analyses, the results of which are presented in Table
4.
Model 2
MS;; = ag + a,ESG;; + ayInflation;; + azESG * Inflation;, + a,Sanction;,
+ asESG * Sanction;; + agBSIZE;; + a,age;; + agroa; + ag i+ + a9loss;;
+ a1,CFO;; + a1,TA; + aq3levy + a140ver. Cony + a15sGRW; + aq4Size;;
+ a,,Year + a;gIndustry;: + €;¢

Table 7 reports the results of the diagnostic tests for the first research model. These tests include
the poolability test, the Hausman test, and the test for homogeneity of variance. To examine whether
the data could be pooled, the F-Limer test was employed under the null hypothesis of pooling. Test
statistics of 1.276 for beta, 2.546 for Sharpe, and 1.682 for volatility were calculated. Since the
calculated F values exceed the critical values, the null hypothesis is rejected, indicating that the first
model should be estimated using panel data techniques.

Subsequently, the Hausman test was applied to determine whether a fixed-effects or random-
effects specification is more appropriate. The test statistics are 382.41 for beta, 84.39 for Sharpe, and
91.87 for volatility. Based on the calculated values, the null hypothesis is rejected at the 99%
confidence level in favor of the random-effects model in all three cases. Therefore, the fixed-effects
approach is identified as the most appropriate method for estimating this model.

To assess homoskedasticity, the regression residuals were tested with the Breusch-Pagan test. For
beta (163.4), Sharpe (132.79), and volatility, the test statistics are 92.672, 163.4, and 132.79,
respectively. As these values exceed the critical y? values, the null hypothesis of homoskedasticity is
rejected at the 99% confidence level. Accordingly, the residuals of this regression exhibit
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heteroskedasticity.
Table 7. Results of diagnostic tests for the first model
Beta (Chi? Sharpe Volatility
Test Name or F) P-Value (Ch#* or F) P-Value (Ch#* or F) P-Value
Poolability Test (F-Limer) 1.276 0.000™ 2.546 0.000™" 1.682 0.000™"
Hausman Test 382.41 0.000"* 84.39 0.000"* 91.87 0.000"
Breusch—Pagan Test 92.672 0.000"" 163.40 0.000"" 132.79 0.000™"

Note: The null hypotheses of the tests respectively assume pooled data and homoscedasticity.

This study measured CMS using three indicators—beta (Beta), price volatility (Volatility), and the
Sharpe ratio (Sharpe) and examined firms’ ESG performance as the primary independent variable.
To assess the effect of ESG under varying economic and political conditions, two key environmental
factors were incorporated into the model, namely inflation and economic sanctions. The results
indicated that ESG performance directly mitigated CMS. One of the key contributions of this study
was the analysis of the moderating effects of inflation and sanctions on the relationship between ESG
performance and market sensitivity. The results reported in Table 8 indicated that:

Inflation (ESG_INFLATION) weakened ESG's protective effect on CMS. The positive
coefficients for Beta (0.049, p < 0.05), Sharpe (0.737, p < 0.05), and Volatility (0.286, p < 0.05)
suggested that, under inflationary conditions, systematic risk and price volatility among firms with
high ESG performance increased relative to normal conditions, thereby moderating the risk-reducing
effect of ESG. This finding implied that ESG's capacity to mitigate risk was constrained in
inflationary environments, underscoring the need for policymakers to account for this interaction.

Economic sanctions (ESG_SANCTION) also operated as a key moderating factor. The positive
coefficients for Beta (0.091, p < 0.05), Sharpe (0.064, p < 0.05), and Volatility (0.075, p < 0.05)
indicated that, under sanction conditions, the protective effect of ESG diminished. Even firms with
high ESG performance were exposed to higher levels of systematic risk and price volatility. This
result highlights the study's innovation, as it demonstrates that ESG's capacity to mitigate market risk
is contingent on prevailing political and economic conditions. Among the control variables, leverage
(LEV), operating cash flow (CFO), return on assets (ROA), and excessive accounting conservatism
(OVERCON) exerted significant effects on CMS. Low Beta and Volatility were linked to higher
liquidity and leverage, whereas ROA helped keep prices stable. In contrast, excessive conservatism
increased systematic risk. Other control variables, including firm age (AGE), firm size (SIZE), and
total assets (TA), did not exhibit statistically significant effects. The findings indicate that ESG is a
risk-mitigation mechanism and a tool for controlling market volatility; however, its effectiveness
varies with conditions, particularly during periods of inflation and economic sanctions. The results
suggest that risk assessment and investment decision-making should incorporate not only firms’ ESG
performance but also the surrounding economic and political environment. This part of the study
makes a meaningful contribution to the existing literature on ESG and capital market risk
management by emphasizing the importance of contextual factors in financial decision-making.
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Table 8. Estimation results of the second research model

beta sharp vol
Variable Coefficient P-Value Coefficient  P-Value Coefficient  P-Value
ESG -0.117 0.000™" -0.248 0.043 -0.001 0.000"*
INFLATION -0.126 0.383 0.430 0.026™ -0.151 0.574
ESG INFLATION 0.049 0.038™ 0.737 0.028™ 0.285 0.045™
SANCTION 0.366 0.106 0.637 0.413 -0.462 0.157
ESG SANCTION 0.090 0.018™ 0.063 0.036™ 0.074 0.027"
BSIZE -0.001 0.957 0.058 0.025™ 0.054 0.341
AGE -0.257 0.272 0.176 0.588 0.994 0.029™
ROA 0.073 0.407 0.093 0.000 -0.268 0.009™*
LOSS 0.189 0.525 1.067 0.276 -1.983 0.000"*
CFO -1.146 0.067" 1.585 0.056" -1.275 0.000™"
TA -0.024 0.486 -0.021 0.592 -0.085 0.406
LEV -0.251 0.000"*" -1.211 0.000™" -0.788 0.000™"
OVERCON 0.411 0.001™ 0.187 0.626 1.264 0.000""
GRW 0.227 0.000"*" 0.856 0.246 -0.016 0.960
SIZE -0.008 0.957 -0.339 0.137 0.291 0.403
C -0.500 0.000™" -4.370 0.000™" -1.060 0.000™"
R-squared 0.278 0.300 0.447
Adjusted R-squared 0.171 0.196 0.366
S.E. of regression 0.704 1.595 1.470
Sum squared resid 581.064 2980.079 2530.869
Log likelihood -1343.552 -2442.167 -2332.370
F-statistic 2.605 2.900 5.481
Prob(F-statistic) 0.000™" 0.000™" 0.000™"

S. Discussion and conclusion

The Iranian capital market has faced many problems in recent years, including the harsh
consequences of economic sanctions, high inflation, and economic shifts. There is a lack of empirical
research in Iran examining how ESG performance affects CMS, even as ESG becomes increasingly
important globally. This study found that ESG performance could be a useful tool for developing
systematic risk management in emerging markets by examining the impact of ESG on Iranian
enterprises' ability to weather market volatility and increase their resilience. In addition, ESG
performance can be a useful tool for managing systematic risk in developing markets. This study
finds the extent to which ESG mitigates CMS changes under unfavorable political and economic
circumstances. Moreover, ESG has different effects on CMS depending on the severity of economic
and political conditions. From this perspective, the present research extends the existing body of
knowledge on ESG and capital market risk management in Iran and offers a novel analytical
framework that may be utilized by investors, corporate managers, and policymakers as a practical
guide for financial and investment decision-making. Therefore, this study examined the impact of
ESG performance on CMS in Iran. The findings of the present study indicated that ESG
performance—encompassing ESG dimensions—played a substantial role in reducing CMS. In
particular, companies that performed better on ESG metrics had better Sharpe ratios, lower beta
values, and less price volatility. According to these findings, companies that follow ESG principles
are better able to withstand market changes and reduce their overall risk. Companies that prioritize
ESG issues have been found to have a leg up in the marketplace and to achieve longer-term growth
(Wu et al., 2022; Torricelli and Bertelli, 2022). Similarly, Aydogmus et al. (2022) emphasized the
importance of investor attention to ESG-oriented firms, which aligns with the present study’s
evidence regarding the reduction of CMS.

One of the innovative aspects of this study was the examination of the moderating role of
environmental factors, including inflation and economic sanctions, in the effect of ESG performance
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on CMS. The findings indicated that inflation and sanctions may weaken the protective effect of ESG
on market sensitivity. In other words, under adverse economic and political conditions, even firms
with high ESG performance may be exposed to increased market volatility. These results are
consistent with studies such as Zhao et al. (2018) and Bolibok (2024), which demonstrated that
environmental conditions and ownership characteristics can moderate the influence of ESG on market
behavior. In addition, the corporate ownership structure was found to play an important role in CMS.
Overall, the findings suggest that ESG performance is a key factor in investment decision-making
and in reducing firms’ systematic risk. Firms with strong ESG performance benefit from greater
competitive advantages, are less exposed to market volatility, and enjoy higher levels of investor
confidence. Based on the empirical evidence, the research hypothesis proposing a negative and
statistically significant effect of ESG performance on CMS was supported. Beyond providing further
evidence of ESG's direct effect, this study also showed that contextual and environmental factors
significantly moderated the relationship. Consequently, when evaluating risk and making investment
decisions, investors, managers, and lawmakers should consider ESG performance and the
environmental and macroeconomic conditions in which enterprises operate. Last but not least, this
study adds to the body of knowledge on ESG factors in capital market risk management by showing
that ESG is more than just a social or ethical metric; it's a tool for making markets less sensitive and
more financially stable for businesses. Consequently, firms should regularly disclose information
related to their ESG performance. Such disclosure is likely to strengthen investor confidence and
reduce stock price volatility. The establishment of domestic ESG standards and adherence to
international ESG frameworks may further reinforce ESG's protective effect on market sensitivity. In
addition, investors and investment funds should incorporate firms’ ESG performance as a core
criterion for assessing investment risk and return. Allocating capital to ESG-oriented firms may help
mitigate the high-risk volatility of the Iranian market and generate more stable long-term returns. At
the same time, firms and investors should account for the influence of economic and political factors,
such as inflation and sanctions, on the effectiveness of ESG. For example, risk-mitigation strategies,
including activity diversification and prudent financial management, may help offset adverse
environmental effects. In addition, a prominent limitation of this study is the use of ESG coefficients

from Fakhari et al. (2018), which may not fully reflect recent changes across all industries.
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1. Introduction

As the demands of the modern academic environment shift, students want more engaging group
interactions than one-way lecturing. For instance, in fields like accounting, which are often taught
from a very rigorous, theoretical standpoint, this change is particularly noticeable, as many students
do not benefit from static learning when confronting the abstract nature of foundational content. With
the digital generation occupying most university classroom seats, higher education is grappling with
how to reconfigure pedagogies, as students today have different learning styles.

Previous research has highlighted that the use of technology in higher-education accounting
teaching contexts is associated with greater student engagement and motivation (Go et al., 2024) and
that the use of game elements in teaching may be related to a better understanding of accounting
concepts (Ramesh et al., 2025). Recently, game-based learning (GBL) and gamification have
emerged as promising approaches for the modern instructional experience, combining interactive
elements with enjoyable activities that mirror students' digital habits and are readily available for
educational purposes (Neerupa et al., 2024). Theoretically, gamification in the educational context is
usually justified by Goal-Setting Theory and Expectancy Theory, which emphasize that clearly
defined goals are more effective when accompanied by prompt feedback and when students perceive
a strong association between effort, performance, and valued outcomes. Gamification in accounting
education features student motivation and engagement, autonomy, competence, and relatedness
needs. Metricated positive impacts on exam scores and problem-solving abilities. Mechanisms for
accessing these effects. Resource limitations & gap inclination behavioral Gap issues of student
diversity Nubial Outcome Anwar and Mulyadi (2025) Platforms such as Kahoot! are known to
increase student participation within the classroom by allowing immediate feedback in a low-
pressure, game-like environment. However, despite some positive impact of gamification on student
performance, the relationship between gamification and academic performance is so complex that
findings from previous studies are highly mixed (Bhavani et al., 2020), and more research in these
areas, especially in unexplored educational contexts such as Iran, is necessary.

Over the years, several studies have investigated the use of Kahoot! Most of the research has
centered on student perceptions, engagement, and motivation rather than on externally validated
learning outcomes (e.g., in accounting-specific courses) and on measured competencies appropriate
to disciplines (which warrant further statistical analysis). Nevertheless, we have identified only a
handful of studies that directly measure the association of Kahoot! They are founded on formative
assessment and key quantitative performance indicators in accounting lessons. The current study
seeks to contribute to this burgeoning body of literature by investigating this relationship in the
context of Principles of Accounting II (a second-level required accounting course) at a single Iranian
university. Furthermore, the study contributes to the understanding of real academic performance
rather than self-reported perceptions by using a quasi-experimental design with a nonequivalent
control group. In addition, based on Goal-Setting Theory Kahoot!, implements structured quizzes and
challenges by points With respect to the first, Clear Goals performance feedback can clarify learning
goals and enhance students' engagement with these goals (Durso et al., 2020) while Expectancy
Theory implies that transparent scoring and leaderboards may bolster students' motivation by
reinforcing beliefs that increased effort leads to improved performance, leading to desirable academic
outcomes (Chan et al., 2021). However, the cultural perception of using smartphones in class and in
educational games is new to students, so their academic behavior may not be well understood. To fill
these gaps, this study analyzed the correlation between integrating Kahoot! into Accounting
Principles II and students' academic performance, in terms of quantitative outcomes (grades) as well
as qualitative ones (perceptions and motivation). This study uses a quasi-experimental method. The
research population consists of 63 undergraduate students who have studied accounting and are
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studying financial management at Yazd University. In the Kahoot! condition, please note that the
experimental group completed all in-class exercises and quizzes, while the control group continued
with traditional paper-based assessments.

2. Literature review

Even if there are studies (Pitic and Irimias, 2023) that show the positive impact of educational
games on learning in higher education, these studies mainly focus on pre-university students.
Undergraduate studies have identified them as elements that encourage active and self-regulated
learning, as well as collaboration (Ayllon et al., 2019; Wanner and Palmer, 2018; Bovill, 2020). The
interactivity of these online educational games can help improve knowledge retention and conceptual
understanding compared with more traditional paper-based activities. Furthermore, learning from
mistakes in gamified contexts fosters deeper cognitive reinforcement and continuous development
(Jadskd and Aaltonen, 2022). Given the typically low participation rates in accounting classes
(Nkhoma et al., 2018), the use of such interactive technologies may enhance both engagement and
academic performance. These outcomes operate across two levels: individual-level cognitive
motivational processes (e.g., effort, perceived value) and classroom-level environmental factors (e.g.,
feedback immediacy, competitive climate), which collectively shape performance.

2.1. Gamification

Gamification, defined as the use of game elements in non-game contexts (Basten, 2017), provides
a novel way to increase intrinsic motivation, satisfaction, and learning performance (Montola et al.,
2009; Mekler et al., 2013). It generates motivation through competition, accomplishment, and
feedback. On the other hand, competition can and does lead to positive outcomes; however, excessive
emphasis on competition can lead to negative outcomes, such as learner frustration (Zhang, 2008).
Gamification has been shown to support theoretical retention and long-term engagement among
technology-driven learning strategies (Aguiar-Castillo et al., 2021). To date, gamification is
theoretically grounded in Goal-Setting Theory (Locke and Latham, 2002), which argues that specific,
achievable goals increase motivation and task performance. In classroom contexts, points and badges
and even leaderboards are incorporated into games as part of gamified tools like Kahoot! behaving
as proximal goals that can motivate persistent effort and engagement. Goal-related feedback is linked
to self-evaluation and achievement striving, thereby reinforcing learners' commitment to academic
achievement. The detailed mechanisms described are most relevant to Generation Z students who
habitually use mobile devices due to their digital fluency and their preference for mobile-
supplemented or blended learning formats (Vizcaya-Moreno and Pérez-Cafaveras, 2020), thus
organizing positively within a critical structure with goal-oriented outputs.

In addition, Expectancy Theory (Vroom, 1964) provides a complementary psychological
explanation for gamification effects. According to this model, motivation is driven by three
perceptions: expectancy (the belief that effort improves performance), instrumentality (the belief that
performance leads to rewards), and valence (the value attached to those rewards). Gamified quizzes
provide instant feedback, thereby generating a sense of expectancy; visible scoreboards promote
instrumentality and a fun interface elevates the perception of valence. In summary, the mechanisms
help explain how gamification can increase or clarify goals, sustain engagement, and ultimately
improve the academic performance of digitally born cohorts, such as Generation Z accounting
students.
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2.2. Gamification and psychological levels in accounting education

The variables in this study can be understood through three distinct psychological levels, which
help bridge the gap between gamified interventions and academic success in accounting:

1. Cognitive Level: Technology-enhanced learning tools, such as real-time online assessments,
offer the instant feedback needed to improve knowledge retention and metacognitive awareness
(Chappuis et al., 2020; Attali and Van Der Kleij, 2017). Such tools are associated with deeper
processing and conceptual understanding in the domain of accounting, a complex field
(Krasodomska and Godawska, 2021).

2. Motivational Level: Competitive architecture of gamification, specifically point systems and
leaderboards, is utilized to invoke goal commitment and perceived competence (Goksiin and
Giirsoy, 2019; Sailer and Homner, 2020). Recent empirical research in accounting education
also finds that these motivational triggers are strongly related to students' academic
performance (Lopez-Herndndez et al., 2023).

3. Behavioral Level: Interactive participation during Kahoot! Sessions increase student attention
and classroom interaction, effectively addressing the historically low participation levels
observed in traditional accounting instruction (Nkhoma et al., 2018). As highlighted by Lew
and Saville (2021), such game-based learning experiences are essential for transforming passive
listeners into active participants, thereby fostering a more robust behavioral engagement with
technical accounting content.

The theoretical integration elucidates how gamified assessments affect learning across multiple
psychological levels by mapping these variables to the cognitive, motivational, and behavioral
domains. This multifaceted view provides an important response to a previous criticism of the
psychology literature, as many works often ignore how the interplay of psychological domains among
students affects objective academic performance.

Use of Kahoot! as a Gamified Learning Tool: Kahoot! is a popular web-based platform used for
formative assessments through interactive quizzes (Wang and Tahir, 2020). As of 2024, Kahoot! had
hosted more than 10 billion participants, offered over 50 million publicly available games, and
attracted over 1 billion unique players annually (Retrieved from Kahoot! website, https://kahoot.com,
July 1, 2025). These figures indicate not only widespread adoption but also the platform’s perceived
usefulness across diverse educational levels and disciplines. In higher education, Kahoot! is
frequently used to review course content, check conceptual understanding, and promote participation
during lectures. It practically operationalizes the principles of both Goal-Setting and Expectancy
Theories by providing structured challenges, transparent scoring, and immediate performance
feedback. The tool’s engaging and competitive format has been associated with enhanced motivation
and performance across diverse disciplines, although mixed findings exist regarding learning
outcomes (Lee et al., 2019; Wang et al., 2016; Ranieri et al., 2021). In accounting education, Kahoot!
Has been linked with measurable increases in learning activity and post-test scores (Wardana and
Sagoro, 2019). Similarly, international studies have emphasized its motivational and formative
benefits (Gomez and Menroy, 2018; Ortiz-Martinez et al., 2022). These findings are particularly
relevant to accounting, given students’ greater need for feedback-driven practice to master abstract
numerical concepts.

Synthesis of Kahoot! Impacts: Learning, Dynamics, and Affective Responses: he impact of Kahoot!
well-being, and academic achievement is associated with substantial motivational benefits, but its
impact on objective school performance depends on the quality of implementation. While broad
consensus links Kahoot! to increased concentration and engagement (Lee et al., 2019; Ortiz-Martinez
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et al., 2022), findings regarding final achievement are mixed, with some evidence suggesting that
effectiveness may be limited in complex or hands-on subjects (Wang et al., 2016; Ranieri et al., 2021).
In the context of accounting education—which demands a blend of conceptual and procedural rigor—
studies such as Wardana and Sagoro (2019) have demonstrated substantial gains in both learning
activity and test scores, reinforcing that when Kahoot! is strategically aligned with curriculum
objectives, it functions as a powerful tool for formative assessment and knowledge retention (Bakar,
2024; Omar et al., 2024).

Beyond performance outcomes, the effectiveness of Kahoot! lies in its ability to reshape classroom
dynamics and manage affective learner responses. By transitioning instruction toward a student-
centered model, the platform enhances interaction and reduces classroom-related stress, particularly
for reserved learners who may otherwise be reluctant to participate (Bawa, 2019; Senali et al., 2022).
Although the competitive nature of Kahoot! has raised concerns regarding performance anxiety and
rushed responses (Wang and Tahir, 2020; Goksiin and Giirsoy, 2019), recent literature highlights that
this competition, when well-managed, fosters sustained involvement and positive attitudes (Turan
and Meral, 2018; Almuntsr et al., 2024; Fortuna et al., 2023). Importantly, both students and teachers
agree that the platform is useful because it reduces boredom and workload, but recent calls for
research emphasize that more work is needed to understand how gamified interventions can address
the multitude of diverse needs (Elkhamisy and Wassef, 2021; Ionescu-Feleaga et al., 2025).

Use of Educational Games in Accounting Education in Iran: Despite this global contribution to
the review of gamification, a new review of gamification in accounting education has shown how
game-based approaches can enhance student motivation, engagement, and learning across different
accounting courses (Queiro Ameijeiras et al., 2025). Evidence, however, is scarce and descriptive in
the Iranian higher-education context, but Haji Moradkhani et al. (2017) found in the first study,
conducted at the University of Tehran, it was found that teaching with board games such as Monopoly
significantly improved student engagement and learning outcomes compared with traditional didactic
methods (2018). Alternatively, Khatibi and Badeleh (2021) found that in other Iranian educational
contexts, Kahoot! Drawing from a computational perspective, research found that game-based
activities increased learner engagement, language skills, and overall satisfaction with the learning
process; this work typically describes motivational and perceptual outcomes without concern for the
magnitude of the impact on course grades. The most relevant information was found in Devanipour
(2022), which studied Kahoot! Formative assessment in a Cost Accounting course Improvements in
questionnaire data, such as enjoyment and perception of engagement compared to the traditional
paper-based assessments were observed; however no differences in mean final examination scores
between Kahoot! was not significant between the gamified instruction and control groups, indicating
that the relationship of gamified instruction with academic performance seems to be context-, and
more importantly perhaps, learning experience-specific (regarding course design, content, and
technological conditions). Overall, these results suggest that classroom-based educational games may
facilitate more dynamic and participatory lessons in accounting classrooms; however, there is a lack
of empirical studies on digital platforms such as Kahoot! in Iranian university settings.

Summary and Critical Reflections: About Kahoot! In summary, the literature indicates that
Kahoot! is commonly associated with improved student motivation, engagement, and classroom
dynamics at the college level. Though the platform has proven particularly effective at reinforcing
theory and review-based knowledge, its impact on complex, applied, or skills-based learning is still
hotly debated. Moreover, the competitive framework innate to Kahoot! This does function as a
double-edged sword: the mechanism it uses to encourage participation works, whilst also rearing
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hyper-competitive performance anxiety in some learners, meaning the pedagogical promise is highly
dependent on the implementation strategies chosen.

However, many findings are hindered by limited longitudinal and cross-cultural research, which
limits their generalizability across diverse educational contexts. On a methodological level, there is a
lack of studies that account for differences in learner characteristics, such as prior academic
performance and learning styles. These gaps require enhanced empirical examination, particularly
quasi-experimental and mixed-methods designs to move beyond descriptions and better evaluate the
educational potential of game-based platforms in teaching and learning. This study overcomes some
of these limitations by moving the focus to a more objective analysis of gamified formative
assessment. Kahoot! This study provides important, context-dependent empirical evidence on how
accounting knowledge affects both objective academic performance and subjective student
perceptions in the undergraduate accounting context in Iran. This paper contributes to the wider
gamification literature by linking Goal-Setting and Expectancy theories to explain how digital
interventions might be aligned with learning outcomes for accounting students.

3. Methodology
3.1. Population, sample, and sampling method

This study employed a quasi-experimental design with a nonequivalent control group. The
statistical population comprised undergraduate students enrolled in the Principles of Accounting II
course at Yazd University during the 2022-2023 academic year. The sample consisted of two intact
classes: 36 Accounting students in the experimental group and 30 Financial Management students in
the control group. Although these groups belonged to different majors and therefore may have
differed in prior academic background, both programs shared a common foundational curriculum in
Principles of Accounting. This shared prerequisite provided a meaningful basis for comparison in the
present study. To account for possible baseline differences in prior knowledge, the students’ scores
in Principles of Accounting I were entered as a covariate in the statistical analysis (ANCOVA). This
approach allowed the post-intervention outcomes to be adjusted for initial differences, thereby
strengthening the internal validity of the comparison. Nevertheless, the distinct nature of the two
majors should still be considered as a contextual limitation in interpreting the findings.

The same researcher-instructor taught both groups to ensure consistency in instructional delivery.
The experimental group was taught via Kahoot! The experimental group used the interactive learning
method, while the control group used the paper-based assessment method. Protocols were
standardized with the following procedures to minimize expectancy effects and differential treatment:

1. Strict Protocol Adherence: Both groups used the same textbook, followed the same instructional
schedule, and attended the same number of sessions.

2. Identical Assessment Content: The study employed Functional Phased Tests to monitor progress
throughout the semester. In addition, identical Midterm and Final examinations were
administered to both groups to ensure content equivalence and comparability.

3. Anonymized Grading: Written answer sheets for the Midterm and Final examinations were
graded anonymously. Student names were removed before evaluation to minimize any conscious
or unconscious bias.

4. Automated Data Collection: Kahoot! Scores were automatically recorded and exported directly
from the platform, with no manual intervention in data extraction. This procedure enhanced
objectivity and transparency in the measurement process.

Measures and Data Collection: The main outcome measurements comprised the Functional
Phased Tests score, scores on the Midterm and Final examinations, and performance in the Kahoot!
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Quiz scores. The measure of learning was developed to closely align with the course objectives and
the content delivered in class over a semester.
To support the validity and reliability of the measurement process, the following steps were taken:

e  Content Validity: The examinations were prepared by the instructor and reviewed by three faculty
experts in accounting education to ensure alignment with the course syllabus and learning
outcomes.

e  Reliability: The internal consistency of the summative assessments was examined using
Cronbach’s alpha. The coefficient indicated acceptable reliability for the instruments used in the
study.

e  Baseline Covariate: The score from Principles of Accounting I was used as a baseline covariate
rather than a conventional pre-test. This decision was made to statistically adjust for prior
knowledge without introducing testing effects that may arise from administering an identical pre-
test.

Limitations: This study has several limitations that should be acknowledged. First, the use of
nonequivalent groups means that random assignment was not possible, which may introduce selection
bias. Although ANCOVA was employed to statistically control for baseline differences, this
limitation cannot be eliminated. Second, the participants were students in this case, from different
majors, but, arguably, their common introductory accounting course and a covariate made this less
worrisome. Finally, the researcher served as the instructor, but procedural safeguards such as
standardizing instruction, anonymizing grading, and automating data collection were implemented to
mitigate bias. Finally, the sample size was constrained by the availability of intact classes, which is a
common limitation in educational quasi-experiments.

3.2. Research hypotheses

H1: Students hold a positive perception regarding their experience with the Kahoot! Platform for
teaching Principles of Accounting II.

Rationale: This hypothesis stems from the Expectancy Theory, where the gamified features of
Kahoot! (e.g., immediate performance feedback and competitive leaderboards) act as positive valence
that elevates students’ expectations of success and engagement, directly influencing their overall
perception of learning.

H2: There is a statistically significant difference in academic performance in Principles of
Accounting II between students who used Kahoot! And those who received traditional instruction.

Rationale: Grounded in Goal-Setting Theory, this hypothesis posits that Kahoot! Provides a
structured environment that facilitates clear, proximal learning goals. We define “academic
performance” as the mastery of accounting principles; we hypothesize that the continuous, goal-
oriented reinforcement provided by Kahoot! Leads to higher achievement compared to traditional,
less interactive instruction.

H3: There is a statistically significant difference in classroom test performance between students
who received Kahoot!-based formative assessment and those who received traditional paper-based
formative assessment.

Rationale: This is linked to the cognitive mechanisms of Goal-Setting Theory. Kahoot! replaces
traditional paper-based formative assessments. The intervention creates a closed-loop system. We
conjecture that this immediate cognitive feedback loop allows students to target their studies more
effectively, thereby producing greater academic gains on classroom examinations than students who
use distant, paper-and-pencil evaluations.
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3.3. Data collection tools
3.3.1. Researcher-Made Questionnaire

A questionnaire was developed to gather student perspectives on learning effectiveness. It was
based on validated instruments from Lin et al. (2018), Silva et al. (2019, 2021), Marsa et al. (2021),
and Haji Moradkhani et al. (2018). Content validity was established through expert review by
educational researchers. Reliability was assessed using Cronbach’s alpha and McDonald’s omega.
For the two-item subscale, Value of using Kahoot in the classroom, Cronbach’s alpha was a = 0.65,
and McDonald’s omega was ® = 0.65. Although slightly below the conventional threshold of 0.70,
these values are acceptable for very short scales, as reliability coefficients are highly sensitive to item
count and tend to underestimate internal consistency in two-item measures. More importantly, both
items loaded highly on a single factor (0.861), indicating considerable shared variance and
unidimensionality of the construct. To provide additional evidence regarding construct validity, an
Exploratory Factor Analysis (EFA) was carried out on the entire 25-item questionnaire. The Kaiser—
Meyer—Olkin (KMO) measure of sampling adequacy was 0.78 (>0.60), indicating that the factor
analysis results are reliable [21]. Bartlett's test of sphericity was statistically significant ¥*(300) =
742.36, p 1 or examination of scree plots, leading to a structure theoretically consistent with proposed
dimensions. Given the relatively small sample size, the EFA findings were interpreted with caution
and used only for preliminary construct verification, not for full structural validation. This approach
is supported by methodological literature indicating that when EFA is used for exploratory
verification—especially with instruments adapted from previously validated questionnaires—strong
factor loadings provide meaningful evidence of construct representation even in smaller samples
(Fabrigar et al., 1999). For the entire 25-item instrument, Cronbach’s alpha was 0.91, indicating
excellent internal consistency (see Table 1 for details on dimensions and item counts).

Table 1. Dimensions of researcher-made questionnaire

. . Number of Cronbach's
Dimensions . Item numbers
items alpha
The value of using Kahoot in the classroom 2 1-2 0.65*
The effectlvgness of Kahoot in understanding the 6 3-4-5-6-7-8 083
course materials
Benefits of using Kahoot inside the classroom 5 9-10-11-12-13 0.81

14-15-16-17-18-19-
20-21-22-23-24-25
* Note: For the two-item subscale, Cronbach’s alpha is 0.65. However, this reliability estimate is corroborated by
McDonald’s omega (o = 0.65) and by strong construct validity, as confirmed via EFA, with both items loading highly
on a single factor (0.861). These converging results support the adequacy of this dimension.

Elements of Kahoot! itself 12 0.82

A 5-point Likert scale was used, ranging from Strongly Agree (5) to Strongly Disagree (1). The
questionnaire was conducted during the final Kahoot! session with 36 accounting students on an
anonymous basis. The session in which they were assured that responses would not affect their course
grades.

Design logic and structural alignment with Hypothesis 1: The survey was designed to
operationalize Hypothesis 1, which posits student perceptions and involvement during the Kahoot!
experience. Compared with traditional instruction. To holistically measure this construct, the
instrument was divided into four correlated dimensions representing various phases of the learning
experience:

1. Value of Kahoot (Items 1-2): Assesses the perceived usefulness and relevance of Kahoot in the
classroom, reflecting students’ evaluative appraisal of the tool.
2. Effectiveness in Understanding (Items 3—8): Measures students’ perceptions of how Kahoot
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supports understanding of course materials.

3. Classroom Benefits (Items 9—13): Evaluates motivational and engagement-related benefits
associated with Kahoot use.

4. Elements of Kahoot (Items 14—25): Examines specific game mechanics (e.g., points, competition,
and feedback) that may contribute to instructional effectiveness.

3.3.2. Functional phased tests

These were formative classroom assessments focused on chapters and short sections, enhancing
learning and overcoming hurdles. It should be noted that, in this work, Kahoot was used as a formative
assessment tool rather than as direct instruction. The intervention involved using Kahoot! Scheduled
competitive review sessions were held at the end of every topic, which gave students a chance to re-
evaluate their understanding and gain instant feedback before major tests. This is different from what
we would call "game-based learning", where the game itself serves as the primary medium of
instruction. Instead, this research assesses the relationship between game-based formative assessment
and student performance on classroom tests, compared with traditional paper-based formative
assessments. They included stage-by-stage tests throughout the semester to spur participation and
discussed regular practice by framing segments.

Control group: Used traditional paper-based evaluations.

Experimental group: Answered similar questions via Kahoot!

Exam topics: Inventory, cash, payroll, partnership I, and stock company.

3.3.3. Midterm and final examinations

The two groups were given the same midterm and final examinations on the same dates under
similar conditions. The last test was on partnerships and corporations, with students in both classes
answering the same questions at the same time.

3.3.4. Additional research variables

Additional student data were collected, including gender, birthdate, high school major, GPA,
entrance exam rank, guest student status, major change, pre-test score for Accounting Principles I,
and prior history of failing Accounting Principles 1.

3.3.5. Research implementation process

Throughout the semester, accounting students prepared for Kahoot! Quizzes at the end of each
topic, using their mobile phones to answer questions on the Kahoot! Online platform. The system
reports were useful for obtaining data for analysis. The financial management students also followed
the same scheduled reviews and tests as before. Still, instead of computer-based methods, they used
paper-based methods to answer all questions, with both groups in each test taking the same content.

1. Intervention program — Lesson Plan of Accounting Principles 11

Table 2 presents the lesson plan for Accounting Principles II, highlighting the use of Kahoot!
Game. It outlines the required sessions for teaching each topic and the activities for each session.
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Table 2. Lesson plan for Accounting Principles I in the experimental and control groups
Experimental  Control

Session Activities

Group Group

1 Inventory Chapter * *

2 Fixing the mistakes and Solving Exercise - Cash Chapter * *

. . . . Paper
The first functional step test — the topic of inventory (15 test questions) Kahoot Assessment

3 Cash Accounting (Preparation of Bank Reconciliation Statement) * *

4 Solving Cash Accounting Exercise - Payroll Chapter * *
Second Functional Stage Test — Cash Topic (15 Test Questions) Kahoot A Paper

ssessment

5 Solving Exercises for Payroll Accounting: How to Record Payroll Expense * *

6 Partnership Chapter: Types of Accounts and How to Register Them, and " "
How to Divide Profits and Losses

. . . . Paper
Third Functional Stage Test — Salary Topic (15 Test Questions) Kahoot Assessment
Mid-Term Exam of Inventory, Cash, and Payroll (Descriptive) ASSP:;I; zen t ASSP:;IS) zen t

7 Preparing Financial and Accounting Statements for New Partner Entry * *

8 Exit of the Partner in the Partnership * *
Fourth Functional Stage Test: Partnership Topic 1 (Dividend Distribution, Kahoot Paper
Entry of a New Partner - 10 Test Questions) Assessment

9 Solving Exercise - Partnership Accounting: Liquidation * *

10 Stock Company Chapter: Stock Release * *
Fifth Functional Stage Test: Partnership Topic 2 (Partner Exit and Instant Kahoot Paper
Dissolution - 10 Test Questions) Assessment

11 Stock Company Formation Process * *

12 Solving Exercises — Profit distribution, year-end operations, and % %
preparation of financial statements in stock companies

. . . . Paper
Sixth Functional Stage Test — Stock Company Topic (15 Test Questions) Kahoot Assessment
Paper Paper

Final exam on the topics of partnership and stock company (descriptive) Assessment  Assessment

At the end of each topic, accounting students were given one week to study and summarize the
material before competing in a live Kahoot! Session in class. Meanwhile, financial management
students answered similar paper-based assessments under the same study conditions. Due to holiday
breaks and scheduling constraints, the sixth functional stage exam was omitted, though stock
company topics were included in the final exam without a separate study week.

3.3.6. Collecting educational questions

Multiple-choice questions and the standard Kahoot! Formats were carefully selected for
educational value and alignment with course content. Questions were sourced from the Principles of
Accounting II textbook and national exams, avoiding newly designed questions. The instructor
reviewed and refined them before entry into Kahoot!.

3.3.7. Implementation of Kahoot!
Each Kahoot! Was custom-built for its topic on Kahoot!’s website. Two usage modes exist: live

in class (chosen for this study) or independent practice. To ensure a smooth game session:

e  Questions were pre-entered and previewed on the platform.

e  Students were informed in advance to review topics and check device battery levels.

e The session required a video projector, a wide screen, and stable internet access for all

participants.
e The classic mode was selected for live gameplay and evaluation.
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To participate, students accessed Kahoot! Log in to your mobile or computer, enter the game code,
and check the real-time leaderboard. No account creation was necessary. The teacher started the live
in-class competition, and students answered a question within a limited timeframe. We provided the
correct answers after each round, which enabled immediate feedback and discussion.

After Ali's departure from the partnership, how much is Hassan's capital?

1.920.000 A x

2.100.000 @ v 2.080.000 H

& kahoot.it Game PIN: 445605 ¢ O

Figurel. The game screen, when displaying the answer to one of the questions

e  Scores were ranked based on accuracy and speed, fostering a competitive learning environment.

e The top five players were displayed after the game, with individual results viewable on devices.

e The instructor reviewed a real-time summary, identifying challenging questions for further
analysis.

e  Players could provide session feedback via Kahoot!'s built-in tool.

3.3.8. Data analysis method

Data were processed using Excel and SPSS 27.
Principles of Accounting I scores were used as a pre-test measure.
Final scores for Principles of Accounting II served as the post-test evaluation.
Statistical methods applied:

e  Analysis of covariance (ANCOVA)

e  Multivariate analysis of covariance (MANCOVA)

e  One-sample t-test

4. Results

The results are presented in relation to the study hypotheses. First, the descriptive findings are
summarized, followed by the inferential analyses used to test each hypothesis. As shown in Table 3,
the study included 63 undergraduate students: 36 (57.1%) in the experimental group (accounting) and
27 (42.9%) in the control group (financial management). Because intact classes were used, the groups
differed in both size and academic major, which may introduce pre-existing differences that statistical
controls cannot fully eliminate. The final sample consisted of 63 students, of whom 45 (71.4%) were
female, and 18 (28.6%) were male. Initially, the control group comprised 30 financial management
students; however, the final count was reduced to 27 after one student withdrew before the midterm
exam, another before the final exam, and a third dropped the Principles of Accounting II course after
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missing the final exam. Participants ranged in age from 18 to 24 years and, having been born between
the late 1990s and mid-2010s, are classified as members of Generation Z.

Table 3. Gender and age range of participants by group
Experimental Group Control Group

Participant characteristics

(Accounting) (Financial Management)
Female 29 16
Gender Male 7 11
total 36 27
Minimum date of birth 02.10.2001 04.07.1999
The age range Maximum date of birth 08.09.2004 20.09.2004
All students 18 to 21 years 18 to 24 years

Among the 63 participating students, 38 (60.3%) held high school diplomas in the humanities, 13
(20.6%) in experimental sciences, 10 (15.2%) in mathematics and physics, and 2 (3.2%) in Islamic
studies. The average high school GPA across both groups was 17.45 (SD = 1.49). The sample also
included four guest students from other universities and three students who had transferred into the
accounting program from other undergraduate majors. A review of academic records from previous
semesters indicated that three students had enrolled in the Principles of Accounting I course but failed
to pass.

4.1. Survey about the effectiveness of game-based teaching on the Kahoot platform

H1: Students hold a positive perception regarding their experience with the Kahoot! Platform for
teaching Principles of Accounting II.

To examine the perceived impact of using Kahoot! In a game-based accounting classroom
environment, students in the experimental group completed a researcher-developed questionnaire.
The results are presented in Table 4.

The results indicate that over half of the experimental group students agreed with most
questionnaire items, except for item 19, which concerned increased confidence at the end versus
learning gains throughout the class.

Items 9 and 10 showed a strong positive attitude (more than 90% in agreement) towards Kahoot!
Perceived as effectively motivating cooperative learning and involving fun in-class activities.
Responses in favor of above 80% are evident for items 8, 12, 15, 22, and 24. This indicated that
students were more engaged and excited when using Kahoot!, less aware of time passing, and more
likely to enjoy the learning experience. Additionally, the topics you discuss while playing Kahoot!
Sessions promoted more content from an educational perspective, and it was felt that the platform
contributed to a better understanding of basic concepts. Items 1, 2, 3, 4, 5, and rotas (item pos: 14;
agreement >70%; item pos: 20) demonstrated fair levels of >70%. These responses emphasized
Kahoot! As an excellent revision tool before exams. Students were eager to engage with the platform
more often in class. They, too, recognized it for improving clarity in particular areas such as inventory,
cash, and payroll. Most students found the Kahoot! THOUGHTS: Challenges engaged and stated
interest in using it again in future sessions.
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Table 4. Results of the Researcher- Made Questionnaire

Percentage  Percentage

of Of Indifferent
Items agree and disagree and

Percentage

strongly strongly

agree disagree
The value of using Kahoot in the classroom:
1. Kahoot! was a good way to review the material before the exam. 72.2% 5.6% 22.2%
2. I recommend that this method be used in future classes as well. 75% 16.7% 8.3%
The effectiveness of Kahoot in understanding the course materials:
}. The game helped me to better understand the contents of the 750 83% 16.7%
inventory topic.
4. The game helped me better understand cash accounting. 75% 8.3% 16.7%
5. The game helped me better understand payroll accounting. 75% 2.8% 22.2%
6. The game helped me better understand the chapter's contents on the
partnership 69.4% 11.1% 19.5%
(profit sharing and the entry of a new partner).
7. The game helped me to better understand the contents of the chapter
on the partnership (New partner entry and exit of the partner in the 69.4% 5.6% 25%
partnership).
8. Kahoot meetings helped me learn the topics discussed in the class. 83.3% 2.8% 13.9%
Benefits of Using Kahoot Inside the Classroom:
9. Kahoot! motivates cooperative learning. 94.4% 0 5.6%
10. Using Kahoot! makes the process of class activities more fun. 94.4% 2.8% 2.8%
11. Immediately aftgr answering the questions, I received information 69.4% 5.6% 25%
about my success/failure.
12. Using Kahoot! in the classroom environment and reviewing the
material in this way 86.1% 2.8% 11.1%
helped me to understand the material.
13. Competltlop in class gave me a good motivation to be accurate and 66.7% 83% 25%
perform better in learning accounting.
Elements of Kahoot! Itself:
14. 1t was challenging for me to use Kahoot! 77.8% 8.3% 13.9%
15. Using Kahoot! was enjoyable and attractive for me. 88.8% 5.6% 5.6%
16. I felt satisfied with the use of Kahoot during the semester. 66.7% 5.6% 27.8%
17. It was uncomfortable for me when I couldn't connect to Kahoot. 52.8% 19.4% 27.8%
18. Kahoot! was well-designed and organized, and I was able to
understand its content and 69.5% 8.3% 22.2%
educational goals.
19. At the end Qf the Kahoot! sessions in class, I was more confident 41.7% 222% 36.1%
about my learning.
20. I would like to use Kahoot! again. 75% 8.3% 16.7%
21. I did not feel tense or anxious while using Kahoot! In class. 61.1% 13.9% 25%
22. While using Kahoot!, I lost track of time. (class engagement) 86.1% 2.8% 11.1%
23..Usmg Kahoot! helped me to realize my weaknesses in various 55.6% 83% 36.1%
topics. (Feedback)
24. My enthusiasm and motivation to learn the concepts of the
Principles of Accounting Course II while using Kahoot was greater 86.1% 0 13.9%
than that of solving the exercises at home in the traditional and usual e e
way.
25. The level of Kahoot's challenge was proportional to my level of 63.9% 83% 27.8%

ability.

Six of the items (6, 7, 11, 13, 16, and 9) reported over 60% agreement. These included perceptions
of the platform's desired level of challenge, its competitive climate, and its ability to increase accuracy
and speed. Kahoot! immediately gave students feedback. This not only enriched their understanding
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of course content and learning outcomes in a low-anxiety environment but also bolstered the overall
student satisfaction with the semester. The platform was viewed as beneficial for promoting
understanding of partnership-related topics.

To test the first hypothesis, a one-sample t-test was conducted. The test values were determined at
the midpoint of the 5-point Likert scale (score 3) used in the questionnaire. This method is appropriate
when evaluating whether the mean response differs meaningfully from a theoretical reference point
rather than comparing two groups. Since each dimension consists of a different number of items, the
test value for each dimension was calculated by multiplying the number of items in that dimension
by 3 (the midpoint of the scale). Specifically: (1) The value of using Kahoot! In the classroom (2
items): Test value =2 x 3 = 6; (2) the effectiveness of Kahoot! In understanding the course materials
(6 items): Test value = 6 x 3 = 18; (3) Benefits of using Kahoot! Inside the classroom (5 items): Test
value =5 x 3 =15; (4) Elements of Kahoot! Itself (12 items): Test value = 12 x 3 =36. A mean score
significantly higher than the test value indicates a positive perception toward that dimension. As
presented in Table 5, all four measured dimensions were statistically significant (p < 0.001), thus
confirming the first research hypothesis. Consequently, it can be concluded that students held a
positive perception of their experience with Kahoot! in teaching Principles of Accounting II.

Table 5. One-sample t-test to examine the items

Items Average Test Value t df  Sig.
The value of using Kahoot! in the classroom 7.800 6 6.120 35 0.001
The effectiveness of Kahoot! in understanding the course materials  22.970 18 8.170 35 0.001
Benefits of using Kahoot! inside the classroom 21.310 15 11.770 35 0.001
Elements of Kahoot! Itself 45.750 36 8.670 35 0.001

Note: Test values represent the midpoint of the 5-point Likert scale (score of 3) multiplied by the number of items in
each dimension.

4.2. Investigating the effectiveness of Kahoot! On academic performance

To evaluate the association between Kahoot! Regarding students’ academic performance in the
Principles of Accounting II course, the Kahoot!-based instructional approach was compared with the
traditional teaching method. In this study, students’ scores on Principles of Accounting I served as a
pre-test (covariate). In contrast, their scores on Principles of Accounting II served as the post-test
(dependent variable). To test the second and third hypotheses, both univariate and multivariate
analyses of covariance (ANCOVA and MANCOVA) were employed.

Statistical Assumptions and Preliminary Analyses: The underlying statistical assumptions for
ANCOVA and MANCOVA were tested before conducting the analyses. Below is the report of the
output from these checks against our assumptions. Once these assumptions were confirmed, the
principal statistical tests could be performed.

Normality: The Shapiro-Wilk test was used to assess the normality of the dependent variables
across groups. The results indicated that the assumption of normality was met for all five classroom
tests in both groups (p > 0.05 for all variables).

Homogeneity of variance: Levene's test of equality of error variances was conducted for each
dependent variable. The results showed that the assumption of equal variances was satisfied for all
five tests (Inventory: F = 1.23, p = 0.27; Cash: F = 2.01, p = 0.16; Salary: F = 0.89, p = 0.35;
Partnership I: F = 1.67, p = 0.20; Partnership II: F = 0.54, p = 0.46).

Homogeneity of regression slopes: The interaction term of each covariate (the pre-test) and
independent variable (group) was calculated separately for all dependent variables. The results
confirmed that the assumption of homogeneous regression slopes was satisfied for all five tests (p >
0.05 for all interactions).
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Equality of covariance matrices: Box's test of equality of covariance matrices was conducted to
assess the assumption of equal covariance matrices across groups. This yielded a non-significant
result (Box's M = 15.34, F = 1.02, p = 0.43), indicating that the covariance matrices were equal
between groups and confirming that, despite unequal sample sizes, these are robust to MANCOVA.

MANCOVA was chosen as the main approach to test Hypothesis 3, where all five classroom tests
(Inventory, Cash, Salary, Partnership I and II) are conceptually interrelated as measures of formative
assessment performance for the same course. MANCOVA enables simultaneous testing of group
differences across multiple dependent variables while controlling for the pretest covariate and
maintaining the Type I error rate of interest. This method is better than performing several individual
ANCOVAs (one for each of the five BTCs), which would increase family-wise error.

H2: There is a statistically significant difference in academic performance in Principles of
Accounting II between students who used Kahoot! And those who received traditional instruction.

As shown in Table 6, the experimental group had a higher descriptive mean post-test score (12.31,
SD = 3.44) compared to the control group (11.83, SD = 3.20). However, this descriptive difference
does not account for pre-existing differences between the groups. The ANCOVA results in Table 7
show no statistically significant difference between the adjusted mean scores of academic
performance in the post-test stage for the experimental and control groups after controlling for the
pre-test effect (F = 0.02,p = 0.87, nf) = 0.001,Cohen’s d = 0.04). A nonsignificant ANCOVA
indicates that the difference in post-test means was due mainly to differences in pre-test means (rather
than the effect of Group). The low observational statistical power for the group effect (0.05) indicates
that this analysis would likely not be able to identify small or moderate group differences. Thus, the
lack of statistical significance may partly relate to the reduced sample size, as a second randomization
did not reflect the complete absence of impact. Consequently, no statistically significant difference
in academic performance was established between the two groups, and Hypothesis 2 is rejected.

Table 6. Mean and standard deviation of variables

Experimental
Variable Group Control Group
Mean SD Mean SD
Inventory 6.800 5720 9.920  3.170
Classtoom Cash 11.110 6320 8560  3.480
Tests Salary 11.810 4280  11.190  2.970
Partnership 1 6.600 3.060  9.600  3.910
Partnership 2 9.080 3.950 9.680 3.590
Pre-test f rinciples of Accounting 14 600 2330 14380  1.830
Post-test Principles of Accounting 15 30 3440 11830  3.200

II

H3: There is a statistically significant difference in classroom test performance between students
who received Kahoot!-based formative assessment and those who received traditional paper-based
formative assessment.
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Table 7. ANCOVA results for academic performance (Post-test)

Sum Degree Mean Partial R
Sou.rc? of of of of F Sig. Eta Cohen’s Observed
variation d Power
squares Freedom Square Squared

Pre-test 218.410 1 218.410 28.240 0.001 0.320 — 0.990
Groups 0.210 1 0.210 0.020 0.870 0.001 0.040 0.050
Error 464.030 60 7.730

Total 9926.870 63

The difference between the experimental and control groups lies in how they respond to the
functional phase tests. Multivariate analysis of covariance (MANCOVA) was used to investigate this
hypothesis. MANCOVA was chosen because the five classroom tests represent related dimensions
of student performance, and analyzing them simultaneously controls for intercorrelations among the
dependent variables while protecting against inflated Type I error rates that would result from
separate univariate tests. The significance values of Pillai's Trace, Wilks' Lambda, Hotelling's Trace,
and Roy's Largest Root were examined. The multivariate test results indicated a non-significant
overall effect of group across all dependent variables (Pillai’s Trace =0.12, F = 1.45,p = 0.22, lez; =
0.12), suggesting that when considered jointly, the five classroom tests did not differ significantly
between the experimental and control groups after controlling for pre-test scores.

Table 8. MANCOVA and follow-up univariate ANCOVAs for classroom tests
Multivariate Tests

R Hypothesi  Error . Partial Eta  Cohen’
Effect Pillai's Trace F s df df Sig. Squared sd
Pre-test 0.080 1.02 5 57 0.410 0.080
Group 0.120 1.45 5 57 0.220 0.120 —
Univariate Tests
Source Sum of daf Mean F Si Partial Eta ~ Cohen’s
Squares Square & Squared d
1:;;' 12.450 1 12.450 1.890 0.170 0.030
Inventory i 18.230 1 18.230 2.760 0.100 0.040 -0.670
Error 396.780 60 6.610
1:;;' 8.920 1 8.920 1.340 0.250 0.020
Cash Group 15.670 1 15.670 2.350 0.130 0.040 0.490
Error 399.450 60 6.660
1:;; 3.210 1 3.210 0.480 0.490 0.010
Salary Group 1.890 1 1.890 0.280 0.600 0.010 0.160
Error 401.230 60 6.690
Pre-
Partership fost 22.340 1 22.340 3.450 0.070 0.050
I Group 67.730 1 67.730 5.270 0.020 0.130 -0.870
Error 464.030 60 7.730
Pre-
Partnership fest 5.670 1 5.670 0.850 0.360 0.010
i Group 4.120 1 4.120 0.620 0.430 0.010 -0.160
Error 398.900 60 6.650

Note: The multivariate test (omnibus) for the group effect was non-significant (p = 0.22). Although the univariate
ANCOVA for Partnership I showed a nominal p-value of 0.02, it did not reach the statistical significance threshold after
applying the Bonferroni correction (& = 0.01). Observed power for the group effect was 0.05.
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For a more fine-grained analysis, we performed a one-way ANCOVA for each of the five
classroom tests (Inventory, Cash, Salary, Partnership I, and Partnership II), with pre-test scores
entered as a covariate. Note that although the overall multivariate test was non-significant, these
follow-up univariate tests were thus conducted to further examine this pattern of results across
individual tests. This is in line with recommendations on interpreting MANCOVA results, in which
univariate analyses can be important for understanding specific variables when the multivariate effect
is not significant. Table 8 presents the complete results of these analyses for all five tests.

As shown in the univariate follow-up analyses in Table 8, after controlling for pre-test scores, only
the Partnership I test showed a nominally significant univariate difference between the experimental
and control groups (F =5.27,p = 0.02,17?, = 0.13, Cohen’s d = —0.87). Given that the overall
multivariate test was non-significant, this univariate result should be interpreted with extreme caution.
To control for the Type I error rate across the five dependent variables, a Bonferroni correction was
applied, resulting in an adjusted significance threshold of 0.01 (0.05/5). Using this more stringent
alpha level, the p-value for Partnership I (0.02) is not statistically significant.

Results of the pairwise comparison were shown in Table 9, which showed a mean difference of -
2.92 for Partnership I, although since the omnibus test was not statistically significant and since
statistical power is very low (0.05) for the group effect when N=26, this univariate result could be
considered most feasibly as spurious or incidental to a null effect from an intervention. Although
students reported enhanced understanding of the material through the use of Kahoot!, their
performance on classroom tests did not significantly improve compared with those assessed using
traditional paper-based methods. Consequently, the third hypothesis is rejected.

Table 9. Pairwise comparison for Partnership I (Nominal results)
Variable Group I Group J Mean((lh_ffg eNCeS  Std. Error Significance level
Partnership I  Experimental  Control -2.920 1.270 0.020
Note: The reported p-value is nominal. Under the Bonferroni-corrected alpha level (¢ = 0.01 for five comparisons),

this difference is not statistically significant.

5. Discussion

This study examined the use of Kahoot!, a mobile-based gamified learning platform, on students
enrolled in the Principles of Accounting Course II, focusing on engagement, motivation, and
academic performance. Generation Z students, being digital natives, are naturally inclined towards
technology-mediated learning environments (Wang and Tahir, 2020). Consistent with previous
research in this domain, our analyses show that students who played Kahoot! RESEARCH REPORTS
reported increased motivation, engagement, and enjoyment of the classroom (Minton and Bligh,
2021; Marsa et al., 2021). The gamified nature of the platform promotes collaborative learning and
instant feedback, creating a feverish educational environment (Neerupa et al., 2024).

Analysis of the First Hypothesis: Our results demonstrate that Kahoot! This is supported by the
findings of Lin et al. (2018) and Toth et al. (2019), who reported that students experienced positive
effects on their learning in Principles of Accounting II, primarily as an exam review tool. Students
said that interactive formats helped them understand complex topics more clearly, consistent with
Khatibi and Badeleh (2021). Kahoot! Studies (Creel et al. 2021). These outcomes align with the
engagement-based learning framework and reflect the activating role game-based tools can play in
cognitive and affective engagement, as two key mechanisms underpinning this study's theoretical
background. Thus, while Minton and Bligh (2021), for instance, found competition to have time-
unlimited negative outcomes, most students in this study found it motivating and performance-
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enhancing in a context-dependent case. However, the lower level of agreement on the confidence
item (Item 19) indicates that positive emotional engagement does not equate to higher levels of
perceived learning or confidence, a crucial distinction already reported in previous research, such as
Ranieri et al. (2021).

It is important to note that these findings are based on self-reported perceptions, and the test values
used in the one-sample t-test were derived by multiplying the midpoint of the 5-point Likert scale
(score of 3) by the number of items in each dimension, as detailed in the Results section. This
analytical choice is methodologically appropriate for composite Likert constructs; however, such tests
rely on the assumption that Likert-type means meaningfully approximate interval-level properties—
a limitation that should be considered when interpreting the magnitude of the perceived learning
effects. A gamified learning setting motivates students and enhances student enjoyment, as supported
by Felszeghy et al. (2019). Technical problems such as unstable internet, as mentioned by Lin et al.
(2018), pose challenges. Indeed, in line with Ranieri et al. (2021), theoretical content fared better than
practical. In sum, these results add to the existing literature by placing the findings within a theoretical
perspective, building on previous empirical research, and demonstrating how Kahoot! Localisation
of CS in a university setting. Results demonstrate a localized implementation of CS in an Iranian
university context that enhances perceived understanding, student engagement, and enjoyment;
however, it also illuminates contextual and infrastructural factors that likely moderate the
effectiveness of quality mechanisms.

Second hypothesis discussion: Academic success of the Kahoot! Results suggest that, compared
to the control group, the second hypothesis is rejected. Although the descriptive statistics in Table 6
show that the experimental group had a higher mean post-test score (12.31) than the control group
(11.83), this apparent difference is not statistically significant after controlling for pre-test scores via
ANCOVA (F = 0.02,p = 0.87). Crucially, the observed power for this analysis was remarkably low
(0.05), and the effect size was negligible (Cohen’sd = 0.06). These statistical indicators suggest that
the study was underpowered to detect effects smaller than extremely large. Thus, the lack of any
statistical significance might be due to the final n () being too small rather than in fact a conclusive
non-existence of pedagogical effect. Although much of the earlier gamified learning research shows
that students are positively inclined toward gamified learning, few studies explicitly examine a
quantifiable change in student learning outcomes. The current result reinforces a burgeoning assertion
that favorable perceptions do not constitute unequivocal learning benefits, especially when the
gamified experience primarily serves as simply a motivational enabler.

Current findings are similar to those of Devanipour (2022), who reported no overall difference in
final test scores, despite student enthusiasm in his study. In contrast, studies by Wardana and Sagoro
(2019) and Ortiz-Martinez et al. 2022) found improvements in post-test and exam performance,
suggesting that context and implementation strategies may be key determinants. These mixed results
suggest that Kahoot!'s effectiveness is closely tied to curricular alignment, depth of content
engagement, and the degree of integration with broader learning activities. These findings suggest
that Kahoot! It is more linked to influencing learner engagement than to a direct impact on academic
delivery outcomes, sometimes only within the wider context of an active and digital learning
framework (Go et al., 2024). Accordingly, the rejection of the second hypothesis does not undermine
the pedagogical value of Kahoot!, but instead underscores the need for intentional design when
targeting achievement-related outcomes.

Discussion of the third hypothesis: Despite students’ favorable perceptions of Kahoot!, the results
from formative assessments showed no significant academic differences at the multivariate level
(Pillai’s Trace, p =.22). Although a nominal significance was initially observed in the follow-up
univariate analysis for one test (Partnership I; F = 5.27,p = 0.02), this finding did not survive the
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more conservative Bonferroni correction (adjusted @ = 0.01). When considering the substantial
effect size for this specific module (Cohen’s d = 0.87)alongside the extremely low observed power
(0.05), this isolated result should be interpreted with caution. It is much more likely to represent either
a false positive or a chance anomaly than a solid teaching effect, all the more so from relatively small
and unbalanced sample sizes. We cautiously interpret the surprising direction of the nominal
difference in Partnership I, in which the experimental group underperformed. The Partnership I test
was given towards the end of the semester (see Results section), and procedural observations revealed
that many students in the experimental group had postponed their preparation until just before the
exam. While military service may better explain distance learning, researchers said this is just
speculation, lacking supplementary data on study habits given the small sample size.

Accordingly, the third hypothesis is rejected, in line with Devanipour’s (2022) findings in Iran but
in contrast to Ortiz-Martinez et al. (2022), who reported performance gains in Spain. While previous
studies (such as Wardana and Sagoro, 2019; Ortiz-Martinez et al., 2022) suggest that gamification
improves performance, some others (e.g., Scalan and Huff, 2020; Chan et al., 2021; White et al.,
2021) show little to no measurable effects. These inconsistencies across studies suggest that Kahoot!
The role of formative assessment or testing to help you learn rather than just testing what you know
alone is not enough, however, without robust scaffolding and opportunities for deeper cognitive
processing. Moreover, as Yao et al. (2024) noted, Formative assessments might work best for
lower-performing students, a trend that could have been diluted in this study, as pointed out (2024).
Also, non-instructional variables, such as the Hawthorne effect (McCambridge et al., 2014), may
have moderated learning outcomes. In sum, these studies suggest that the pedagogical benefits of
Kahoot! Likely, the effects of immediacy on engagement, attention, and classroom dynamics are
more pronounced in these domains than for performance, which continues to depend upon learner
characteristics and specific instructional design choices.

Summary of Findings and Implications for Future Research: Overall, the findings indicate that
while Kahoot! Positively influenced students’ perceptions and classroom engagement, it did not yield
statistically significant improvements in academic performance for Hypotheses 2 and 3. The
interpretation of these null results is fundamentally constrained by the study’s low statistical power
(0.05), which indicates a high risk of Type II error. In other words, the study may have lacked the
sensitivity to detect small-to-moderate improvements in performance that might have been present in
a larger, more robustly powered sample.

Moreover, the absence of assessments targeting deeper learning outcomes such as conceptual
understanding or long-term retention further constrains conclusions about the platform’s educational
impact. Thus, although the present study does not provide evidence of direct academic gains, its
findings are inconclusive rather than dismissive of gamification’s potential. Future research
employing more rigorous designs, larger and randomized samples, and multidimensional measures
of learning is needed to more definitively clarify the relationship between gamified tools and student
achievement in accounting education.

5.1. Researcher's observations of the two groups

Bloom (1956) emphasizes that both cognitive entry behaviors and affective entry characteristics
influence students’ academic performance. Affective entry characteristics refer to students’ interest,
motivation, and attitudes toward learning new material. At the same time, students’ interpretations of
their past academic successes or failures may also shape their engagement with new course content.
Classroom observations indicated that many students in both groups were primarily focused on
achieving higher examination scores. The introduction of a game-based learning environment created
a learning experience different from traditional paper-based assessments, which appeared to influence
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students’ classroom reactions and interaction patterns. However, levels of engagement and
participation varied among students in both groups.

Students were expected to use appropriate study strategies, conceptual understanding, and
problem-solving skills when answering assessment questions. The results confirmed our expectation
that Kahoot! might initially be a bit intimidating for students in the experimental group. On the
contrary, the students in the experimental group tended to have less structured preparation patterns at
first, but they were already familiar with the Kahoot! -based format increased over time. These
observations are offered strictly as qualitative insights rather than as empirical results from statistical
analyses to contextualize the instructional setting.

6. Conclusion

The results of this research study suggest that Kahoot! These results were not statistically
significant in their impact on students' academic gains, but demonstrated improvements in students'
perceptions, engagement, and classroom dynamics in the Accounting Principles II course. As shown
in this study, academic performance is a multidimensional construct shaped by motivational and
attentional factors, as well as students’ interactions with learning tools, not just by evaluation scores.
The lack of post-test differences after controlling for pre-test scores reinforces the need to use
appropriate controls in quasi-experimental designs. It indicates that improvements in perceptions do
not always translate into improvements in performance.

Although Kahoot! Has been effectively implemented in various educational contexts worldwide,
its impact in this study appears to be shaped by contextual and infrastructural factors. Furthermore, it
is critical to acknowledge that the study’s final sample size bounds the statistical conclusions (N =
63; 36 experimental and 27 control) and a notably low observed power (0.05). Under these conditions,
the study was primarily sensitive to very large effects, potentially overlooking smaller but
pedagogically meaningful gains. Barriers to digital engagement were reflected in students'
experiences of school: inconsistent internet access and uneven uptake of digital tools in teaching
practice across schools. Coupled with this, limited statistical sensitivity in detecting achievement
measures may account for the additional engagement benefits experienced by the experimental group
compared to gains in achievement. In general, Kahoot! Has the capacity to support engagement but
appears to need more robust pedagogical integration and a less volatile infrastructure to make a
measurable impact on learning outcomes.

7. Resaerch Implications and limitations

Overall, these findings suggest that policymakers and institutional leaders may want to consider
supporting the development of faculty capabilities in implementing game-based learning tools, as
well as additional investments in digital infrastructure. For instructors, targeted training, along with
blended learning modes that balance gamified assessments with more traditional evaluations in
pursuit of collaborative learning, may improve overall learning outcomes for students with diverse
needs. For such interventions to be effective, institutional commitment through incentives, technical
assistance, and the fostering of digital literacy among faculty and students is needed.

Regarding limitations, this study was constrained by its quasi-experimental design with
nonequivalent groups. Although ANCOV A was used to statistically control for initial differences, the
final sample size of 63 participants, resulting from the exclusion of three cases in the control group
to ensure data integrity, may have limited the study’s capacity to detect significant differences. This
underpowered design (observed power = 0.05) increases the risk of a Type Il error, leaving true effects
unobserved. The non-significant MANCOV A results also bolster this. However, a nominal difference
was noted on one subtest (Partnership I); this difference lost significance after a conservative
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Bonferroni correction, suggesting it may be spurious. The reliance on closed-ended Kahoot! Items
were also limited in their evaluation of deeper conceptual understanding. Additionally, fluctuations
in internet access inhibited students from engaging. Future studies should utilize a priori power
analysis to determine optimal sample sizes, randomization as it relates to treatment-receipt effects,
larger (and balanced) participant samples, and better methods of addressing attrition to more
definitively elucidate the association between gamified tools and accounting learning (especially
outcome-based), ultimately aiding student success. Future research should also adopt a mixed-
methods approach to investigate qualitative processes of learning alongside quantitative measures of
first-contingent sexual partners, and explicitly opt for a narrower, professionally motivated set of
dependent variables to reduce the risk of over-testing. Comparative cross-cultural studies could
further illuminate how sociocultural and institutional contexts mediate the effectiveness of gamified
learning in accounting education.
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1. Introduction

Auditor impartiality is defined by the professional code of conduct: a certified public accountant
must not allow bias, conflicts of interest, or undue influence by others to affect their professional
judgment or work (IESBA, 2018). The principle of impartiality requires all certified public
accountants to avoid bias, conflicts of interest, and undue influence from others in their professional
judgments or business activities. Accordingly, this study defines auditor impartiality as the auditor's
commitment to making professional judgments based solely on audit evidence and applicable
standards, without favoritism toward any stakeholder (e.g., management, shareholders, or regulatory
bodies). Impartiality is distinct from independence in that it is a behavioral and cognitive condition
reflecting the extent to which the auditor's decision-making process appears unaffected by conflicting
relationships. In addition, impartiality is the state of being unbiased towards the interests of any party,
whereas objectivity relies on fact-based evidence not open to interpretation. Thus, impartiality is a
separate construct, conceptually situated between structural independence and objective judgment, as
it endeavors to describe an auditor's behavior when faced with competing interests.

Auditors' impartiality is an essential characteristic that enables them to provide responsible
opinions grounded in a sound and logical understanding of professional conduct (Nelson, 2009).
Because managers have discretion in applying accounting standards and procedures, auditors must
rely on professional judgment and maintain impartiality when expressing their opinions. An essential
requirement of impartiality is that auditors' judgments and decisions are not subordinate to others
(Svanberg and Ohman, 2016). However, auditors' impartiality is influenced by the work environment,
relationships with management, incentives received, client recognition, abilities, and various personal
and organizational characteristics (Samagaio and Felicio, 2022). The interaction between personality
characteristics and ethical commitment suggests that auditors with specific characteristics are more
likely to maintain impartiality, thereby improving audit quality (Haghighi et al., 2024).

Particular traits of an auditor, such as conscientiousness and extraversion, are positively correlated
with professional skepticism, which is important to maintain neutrality in the field of auditing.
Conversely, neuroticism is associated with reduced audit quality, meaning that high levels of certain
personality traits can affect impartiality (Wijaya and Cheisviyanny, 2024). Lack of supervision and
time constraints may lead to behaviors such as cyberloafing, which reduce personal gain and
negatively impact professional performance (Hessari et al., 2025).

Various factors that impact auditor impartiality also include personality characteristics and cultural
dimensions (see Khurana et al., 2026; Veledar et al. 2026). However, no study has investigated the
moderating effect of power distance on the relationship between personality traits (i.e.,
conscientiousness and extraversion) and auditor independence among auditors in the Iranian context.
In the Iranian context, this gap is particularly important due to high power distance (Hofstede, 1984).
In this regard, the present study aims to answer the following research questions:

RQI1: To what extent do conscientiousness and extraversion significantly affect auditors'
impartiality?

RQ2: How does power distance moderate the relationship between each personality trait (i.e.,
conscientiousness and extraversion) and auditors' impartiality?

RQ3: Does the moderating effect of power distance differ between conscientiousness and
extraversion?

The primary objective of this study is, therefore, to examine the moderating effect of power
distance on the relationship among conscientiousness, extraversion, and auditor impartiality.

Trust in auditors would enhance auditors' performance and, in turn, increase audit quality;
organizational culture is critical to developing trust within audit firms. However, when the distance
of power widens through greater separation and limited voice among managers, partners, supervisors,
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and auditors within organizations, it can pose a significant risk to auditor independence, particularly
in Iranian audits.

This study makes several notable contributions. First, it bridges the gap among personality
psychology, auditing, and cross-cultural management by introducing power distance as a moderating
variable in the relationship between personality characteristics (conscientiousness and extraversion)
and auditor impartiality. This link has not been examined previously. Second, it offers a fresh
perspective on auditor impartiality by conceptualizing it as a distinct behavioral and cognitive
construct, separate from independence and objectivity. Third, it provides empirical evidence from a
high-power-distance context (Iran), thereby enriching the understanding of how cultural dimensions
influence professional judgment in developing countries. In practice, the findings can inform audit
firms' recruitment, training, and performance evaluation and assist regulators in developing ethical
standards tailored to hierarchical environments. Academics and researchers may also benefit from the
theoretical framework proposed here as a basis for future cross-cultural auditing research.

In the next section, we will review the relevant literature, theoretical foundations, and background
related to the topic of this research. The third section will outline the research methodology.
Following that, the fourth section will present the research findings. Finally, the fifth section will
present the study's conclusion.

2. Theoretical foundations and development of hypotheses
2.1. Theoretical issues

This study uses the Big Five personality model (Costa and McCrae, 1992), which is one of the
best-known and empirically appropriate models for understanding persons. The theoretical aspect of
personality: the Big Five model identifies five broad dimensions, including Conscientiousness.
Extraversion. Neuroticism. Openness to experience. The Agreeableness and Conscientiousness
indices include characteristics such as responsibility, diligence, orderliness, and adherence to
standards; Extraversion includes assertiveness and sociability (Costa and McCrae, 1992). This two-
dimensional classification of issues is relevant to the watering down of standards (whether auditors
should accept audit opinions that do not conform to standards) and to whether auditors willingly
express dissenting views.

According to Self-Determination Theory (SDT), all human behavior is fundamentally driven by
the needs for competence, relatedness, and autonomy, with intrinsic motivation serving as a primary
driver of behavior (Ryan and Deci, 2000). When these needs are met, individuals are more motivated
to perform activities, even without external rewards, and experience better psychological well-being
and performance.

Competence is one of the three needs in SDT and, as such, is tied to conscientiousness.
Conscientiousness: They find it essential to execute tasks well and fulfill professional standards. This
drive aligns with the need for competence in SDT. On the flip side, conscientious auditors may
become less motivated to uphold impartial standards when hierarchical pressures challenge their
competence)

The link between SDT and extraversion lies in the need for autonomy and relatedness. Extraverted
auditors seek social engagement and are sensitive to relational cues. In low-power-distance
environments that support autonomy and open communication, extraverted auditors are more likely
to express dissenting views and assert their impartial judgments. However, in high-power-distance
environments that suppress autonomy, extraverted auditors may internalize relational pressures,
leading to self-censorship and reduced impartiality.

In high-power-distance cultures, the need for autonomy is often suppressed because individuals
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are expected to defer to superiors. Consequently, auditors' intrinsic motivation to uphold impartiality,
which requires autonomy, is weakened. In contrast, low-power-distance cultures promote
independence, strengthening auditors' intrinsic motivation to maintain impartiality.

The Cognitive Dissonance Theory (CDT) argues that the human mind holds multiple opposing
cognitions, so they do not reach equilibrium, resulting in discordant behavior or thoughts, leading to
negative feelings and forcing the person to resolve it by changing their cognitions (Festinger, 1957).
The nature of being a professional auditor entails a sincere belief in the principles of neutrality. Causal
environment: A situation in which an auditor is compelled, or elects to act in a way that undermines
their impartiality (e.g., because of client or supervisor pressure) creates cognitive dissonance.

Conscientious individuals have stronger internal ethical standards and are therefore more likely to
experience greater initial dissonance when their behavior violates impartiality norms. To reduce this
discomfort, they may adopt different strategies depending on power distance: (a) in high-power-
distance cultures, they may reduce dissonance by justifying obedience to authority (e.g., "I must obey
my superiors"); (b) in low-power-distance cultures, they may change their behavior to restore
alignment with their values.

Extraverted individuals, being more socially oriented, may seek external validation to reduce
dissonance. They may consult with colleagues or seek social approval for their behavior to minimize
incongruence. In high-power-distance cultures, this may lead them to conform to hierarchical
expectations; in low-power-distance cultures, they may seek peer support for impartial actions.

In high-power-distance cultures, the dissonance resulting from a violation of impartiality may be
reduced more quickly through ready-made justifications such as "I must obey my superiors" or "My
position does not permit dissent." That is, the psychological cost of incongruence is less keenly felt
because society provides ready-made justifications for behavior that is inconsistent with impartiality.
In low-power-distance cultures, dissonance is felt more strongly due to values of autonomy and
individual responsibility, and the individual may feel greater pressure to defend their impartiality.

2.2. Conscientiousness and Impartiality

The Five-Factor Model (FFM) of personality designates conscientiousness as one of the major
personality dimensions (Costa and McCrae, 1992). This includes traits such as responsibility,
dependability, high-quality workplace performance, hard work, and rule-following (Steel et al.,
2008). Conscientious individuals aim to perform their tasks well and are willing to spend more time
to achieve their objectives (Jin, 2024). They are characterized by perfectionism and attention to detail,
which are associated with remarkable accomplishments in their field (Tiliopoulos et al., 2010).

Conscientiousness can promote auditor impartiality through three interrelated mechanisms:

Pathway 1: Adherence to Professional Standards. Conscientious individuals have a strong internal
drive to follow rules and complete tasks thoroughly. In the auditing context, this translates into
rigorous adherence to auditing standards and ethical codes (Samagaio and Felicio, 2022). When
internal standards of duty bind auditors, they are less likely to deviate from impartial judgments, even
under pressure.

Pathway 2: Diligent Evidence Evaluation. Conscientiousness positively affects auditors'
professional skepticism, leading to more complete and objective evaluations of audit evidence
(Wijaya and Cheisviyanny, 2024; Saraswati and Latrini, 2023). Rather than accepting management's
assertions at face value, conscientious auditors systematically question and verify information, a core
component of impartiality.

Pathway 3: Resistance to Biased Shortcuts. Highly conscientious individuals are less prone to
cognitive biases and judgment shortcuts (Tiliopoulos et al., 2010). They invest greater cognitive effort
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in decision-making, reducing the likelihood of favoritism or premature conclusions. This cognitive
diligence directly supports impartial judgment.

There is also evidence of a positive association between conscientiousness and impartiality-based
outcomes. Gold et al (2009) Conscientiousness has been found to enhance auditors' objectivity.
Samagaio and Felicio (2022) have also found to increase auditor capabilities and professional
efficiency, thereby further strengthening immunity against bias.

We argue that conscientiousness encourages auditors to work more diligently and leads them
towards greater impartiality. Furthermore, considering the definitions, research findings, and
theoretical foundations, we believe that auditor conscientiousness can have a positive and significant
effect on auditor impartiality; consequently, we propose the following hypothesis.

H]1: Auditors’ conscientiousness has a significant positive effect on auditor impartiality.

2.3. Extraversion and Impartiality

People have two critical personality dimensions called extraversion and introversion. These two
dimensions are not separate; all people in society have them simultaneously. They can be identified
by stating the characteristics of extroverts (Liegl and Furtner, 2023). Extraverts are typically
characterized by a preference for collaborative work over solitary tasks, demonstrating frankness in
speech, elevated sociability, and practicality. Furthermore, they exhibit a strong desire for stimulation
and excitement, are notably gregarious, and possess considerable confidence in their social
interactions (Wang et al., 2025). Concurrently, extroverts possess positive emotional styles, engage
in high levels of social interaction and activity, and maintain very intimate interpersonal relationships
(Bowling et al., 2024).

This is clearly evidenced by the finding that extroverted auditors have more professional
skepticism than introverted auditors (Noegroho et al., 2025). Personality Features: The effects of
personality characteristics on the judgment and decision-making process will also directly or
indirectly affect fraud detection by auditors (Suryandari et al., 2026). More hopeful about the future
are extroverted auditors, who are more satisfied with their personal relationships. Moreover, they
achieve higher positions on the career ladder, earn higher incomes and benefits, and experience
greater subjective and internal well-being (Baral, 2024). They have a greater tendency to question
underlying assumptions and proactively demand additional information necessary to conduct an
impartial audit, and they perform better in managing perceived audit risks (Chen et al., 2023). The
outlook and positive emotions of extroverted auditors who adequately share their knowledge with
group members facilitate the initiation and continuity of group formation (Anwar, 2017). According
to Kerckhofs et al. (2024), highly managed female extroverted auditors have less conflict with their
managers. By integrating a series of spirituality indices and the moral atmosphere in the Iranian work
environment, the findings show that individual personality dimensions and personality type have a
greater effect than any other variable on audit quality (Nasirpour et al., 2023).

Based on the definitions provided, previous research findings, and the established theoretical
framework, we assert that an auditor’s extraversion strengthens their capabilities in both internal and
external communication, heightens their cognitive awareness, and influences subsequent decision-
making; all of which contribute to greater impartiality in their judgments. Consequently, we propose
the following hypothesis regarding the positive and significant relationship between auditor
extraversion and impartiality:

H2: Auditors’ extroversion has a significant positive effect on auditor impartiality.
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2.4. Power distance and impartiality

Culture manifests as a system of shared social behaviors developed through interactions among
members of a specific social group (Laland and Hoppitt, 2003). Cultural values encompass the
collective attitudes, beliefs, and behaviors characteristic of individuals within a specific culture
(Schwartz, 2012). Moreover, culture is conceptualized across various dimensions, with power
distance being one of the essential constructs (Hofstede, 1984). Power distance, when defined, refers
to how much followers/subordinates accept the organizational hierarchy, as well as the level of
distance between managers and workers. This particular idea refers to the level of acceptance of
unequal balance of power in the organizational context (Hofstede, 1980). Perhaps the most defining
feature of low power-distance climates is also one that makes managers most uncomfortable:
subordinates in low power-distance environments most often have open channels for communicating
their complaints to management, including critical feedback and criticism (Koslowsky et al., 2011).
They are more involved in decision-making, face less pressure, and receive greater social support
(Qian et al., 2014).

Audit culture is defined as the process through which scientific and technical foundations evolve
from traditional to modern states. According to the theoretical literature, developing countries, such
as Iran, face a long path to developing an audit culture. Such a pathway would require an enduring
cultural emphasis on professional independence and neutrality over hierarchical obedience (Tarighi
et al., 2022). Leaders in Iranian organizational culture have learned from experience that openly
expressing dissent can have unfortunate personal repercussions. They remain trained in ‘saving face’
and conforming, which piles up their manpower. This phenomenon is rooted in the inefficient
hierarchical structures still prevalent in Iranian administrative and educational institutions
(Asnaashari et al., 2025).

The impact of power distance on auditor impartiality is significant, as cultural dimensions shape
auditors’ perceptions and decision-making. Auditors’ perceptions of internal controls and fraud risk
are influenced by their artistic knowledge, especially in high-power-distance cultures where
hierarchical structures are more prominent (Rios Figueroa, 2013). Such environments may also lead
auditors to be less skeptical of management, thereby increasing the threat to their objectivity. In
contrast, others claim a strong corporate culture can foster ethical behavior and mitigate stakeholders'
malfeasance, leading to the conclusion that cultural dimensions may not always lead to auditor
partiality (Zaman, 2024). In addition, high power distance can be a big hindrance to organizational
change and development because it is an important limiting condition of organizational flexibility,
and then with the ambition to induce complications such as job dissatisfaction, motivation to change
jobs rises (especially among Junior professionals seeking upward mobility), and erosion of social
capital (Huang and Van De Vliert, 2003).

Power distance influences auditor impartiality through several mechanisms: (1) discouraging
upward communication and critical feedback; (2) reducing professional skepticism through uncritical
acceptance of managerial authority; (3) suppressing autonomy, which reduces intrinsic motivation to
remain impartial; (4) facilitating cognitive dissonance reduction; and (5) increasing the perceived
personal costs of dissent.

A study by Shahzad et al. (2025) examined how despotic leadership affects job performance, job
satisfaction, and turnover intention at the employee level, with individual-level power distance
orientation as a moderator. Based on multisource, time-lagged survey data from 65 leaders and 300
subordinates, they found that despotic leadership is related to poorer job performance and job
satisfaction, but to higher turnover intention. Additionally, both power distance orientation and
moderated these relations, such that low power distance employees reacted more strongly to despotic
leadership. In line with this, studies have shown that not only demographic characteristics but also
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cultural dimensions, such as power distance, play an important role in auditors' professional judgment
and decision-making (Nolder and Riley, 2014; Huang and Van de Vliert, 2003).

The findings of Bik and Hooghiemstra (2018) indicated that auditors’ perspectives on evaluating
internal controls differ significantly depending on whether companies operate in low- or high-power-
distance cultural contexts. The survey by Al-Asmakh et al. (2024) examined the effect of cultural
dimensions, particularly power distance, on auditors' judgment and decision-making. In a structural
equation modeling analysis, the results showed that power distance has a significant negative effect
on auditors' judgment and decision-making.

We argue that reducing power distance in audit firms increases their impartiality in judgments and
decisions. Based on the clearly established definitions, past research findings, and theoretical
rationale, we propose that auditors working within highly power-distance cultures face more obstacles
to upholding their independence and to eroding it. For this reason, we suggest that power distance in
audit firms has a strong negative impact on auditor independence, which gives rise to our hypothesis:

H3: Power distance has a significant negative effect on auditor impartiality.

2.5. The moderating role of power distance

Power distance reflects the extent to which individuals accept and expect unequal power
distribution in organizations and societies (Hofstede, 1980). In the auditing context, power distance
shapes hierarchical relationships among auditors, managers, and partners and may discourage or
encourage auditors from challenging authority (Khurana et al., 2026).

Though both conscientiousness and extraversion could predictably (see hypothesis 2) interact with
power distance (conscientiousness X power-distance; extraversion X power-distance), we argue that
these personality traits are not uniformly subject to cultural moderation. Conscientiousness, based on
internalized demands for duty, order, and personal responsibility, may be less susceptible to
contextual effects such as power distance. Conscientious individuals may rely more on their own
internal moral compass, which is less susceptible to hierarchical pressures (Winterich and Zhang,
2014). This suggests that extraversion defined by engagement and festivity, along with other social-
process forms of extraversion assertiveness (Wang et al., 2025), sociability, sensitivity to positive
social rewards and others' positive or negative behavior might be more open to modification through
hierarchical cultural niceties.

In high-power-distance cultures, the diminished sense of personal responsibility (Winterich and
Zhang, 2014) might theoretically weaken the positive effect of conscientiousness on impartiality.
However, empirical evidence suggests that conscientious individuals tend to maintain their internal
ethical standards regardless of hierarchical context (Verma et al., 2025). This resilience may render
the conscientiousness-impartiality relationship relatively invariant to power distance. Accordingly,
while a theoretical case for moderation can be made, the empirical expectation remains ambiguous.

Extraverts desire social interaction and are attuned to signs of hierarchy (Dust et al., 2021).
Extraverts may refrain from assertive behaviors, such as speaking up during professional
disagreements (Rhodes et al., 2021), in high-power-distance contexts because voice challenges
authority. This can make them less objective when hierarchical pressure conflicts with professional
standards. Furthermore, greater power distance reduces the perceived duty to resist organizational
pressure (Winterich and Zhang, 2014), which in turn diminishes extraverts' tendency to maintain
unbiased judgments. This suggests a greater moderating effect of power distance on extraversion than
on conscientiousness.

Direct evidence from accounting research demonstrates that power distance is an important
antecedent of ethical decision making and plays a partial mediating role between country of origin
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and ethical behavioral intention (Curtis et al., 2012). Similarly, Khurana et al. (2026) show that
cultural trust, which is connected to power distance, affects audit partners' decisions (client
acceptance/rejection). Findings can be interpreted as evidence for the potential moderating role of
power distance expectations in achieving auditor neutrality.

Using previous definitions, real-world empirical results, and theoretical bases for the measures
identified above, we hypothesize that power distance moderates the effects of auditors' cognitive
conscientiousness and extraversion on their impartiality (H1).

H4: Power distance moderates the relationship between auditors' conscientiousness and
impartiality.

H5: Power distance moderates the relationship between auditors' extraversion and impartiality.

3. Methodology
3.1. Research method

Since this study seeks to explain the effects of auditors' conscientiousness and extraversion on
auditors' impartiality, and to examine the moderating role of power distance in this relationship, this
research is a descriptive survey. In particular, it is of the structural equation modeling type. Also, the
primary data collection methods in this research are a combination of library and field research
methods. Furthermore, given that the study investigates relationships among all variables,
correlational techniques and statistical tests will be employed to analyze the extent to which changes
in one or more factors are associated with changes in others.

3.2. Population and sample

Given the limited and uncertain size of the target population, the required sample size of 384
participants was determined using the Cochran formula. The sample was subsequently selected via
convenience sampling. Initially, the questionnaire, accompanied by a formal request letter, was
distributed to 450 active auditors across various auditing institutions. Of the distributed instruments,
269 were returned electronically and 125 in hard copy; 10 printed questionnaires were unusable. The
instrument design organized the items for each variable consecutively. To ensure data validity, several
embedded items designed to detect inattentive or dishonest responses were included to screen the

usability of the returned questionnaires.

3.3. Questionnaire structure

As previously noted, the questionnaire was used as the primary instrument for collecting primary
data from auditors within the selected audit firms. The questionnaires had two parts and were
accompanied by a letter requesting that participants complete the questionnaires and participate in the
survey. The first section of the questionnaire collected demographic and general participant
information, including age, gender, work experience, educational attainment, and position within the
audit firm. The second section comprised specialized questions measured using an eight-item scale
assessing the dependent variable, auditor impartiality, on a five-point Likert scale. Also, in the second
part, the independent and moderating variables were as follows: 1 - Auditors' conscientiousness
variable, including eight items. 2 - Auditors' extraversion variable, including 10 items. 3 - Power
distance moderating variable, including six items.

To align the questionnaire with the research objectives, various scales were adopted from different
sources. The target population consisted of auditors at all levels of audit institutions. Data collection
took place in the second half of 2024. Following data collection, descriptive statistics and Harman's
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single-factor test were performed using SPSS, while measurement model evaluation and hypothesis
testing were conducted using SmartPLS.

At the same time, PLS-SEMs were preferred over covariance-based SEMs (CBSEMs) for three
reasons. First, although this is a confirmatory study, it has a predictive lean, and PLS-SEM is more
appropriate for research with a prediction-focused orientation (Hair et al., 2019). Second, the complex
moderation effect of interest is simply said to be easier to estimate using PLS-SEM. In third place,
PLS-SEM is not based on normality assumptions and thus is more robust than CB, which is better
suited to normally distributed data. This condition is rarely the case in the social and behavioral
sciences (Trail et al., 2024).

3.4. Reliability and validity

The auditor impartiality scale was measured using the audit ethics questionnaire developed by
Zarefar and Zarefar (2016), which has been validated in previous studies. Furthermore, the
personality scales measuring conscientiousness and extraversion originally developed by Costa and
McCrae (1992) were validated in the Iranian context by Komasi et al. (2026). Similarly, the power
distance items, drawn from Hofstede and Bond's (1984) cultural questionnaire, were validated and
reliable, as confirmed by Beugelsdijk et al. (2017). Regarding the translation procedure, all scales
were translated from English to Persian by a bilingual expert and back-translated by another
independent expert to ensure linguistic equivalence.

Following prior research that established the scales' validity and reliability, we further assessed
the measurement model in the current study. Table 1 presents the outer loadings, t-values, and
significance levels for all indicators. The results show that most indicators have loadings above 0.50,
with all t-values exceeding 1.96 (p < 0.001), confirming convergent validity in our sample. Also,
according to the criteria of Hair et al. (1998), factor loadings of 0.30 are considered the minimum
acceptable level for practical significance, provided the sample size is sufficiently large (n > 350).
Since the sample size of this study is 384 respondents, the factor loadings ranging from 0.30 to 0.40
are statistically significant. Therefore, these items were retained for their theoretical importance and
contribution to the instrument's construct validity.

Common method bias (CMB) was assessed using Harman's single-factor test (Table 2) (Podsakoff
et al., 2003). All 32 items were entered into an unrotated principal component factor analysis. At the
same time, the unrotated first factor appeared to explain only 26.54% of the variance, which is below
the conventionally low commonality threshold of 50%. Additionally, eight factors with eigenvalues
above 1 were identified in the analysis, but none yielded a single-factor solution that accounted for
the variance structure. This result supports the conclusion that no single factor accounts for most of
the covariance between items. A possible explanation for this is that common method bias would not
be a major issue in the current study (Podsakoff et al., 2003; Williams et al., 1989). However, we
recognize that a single-factor test is often too lenient an approach to diagnosing common method
variance and that it may still be present. Future research should replicate these findings using multi-
source data or longitudinal designs to further mitigate CMV concerns.
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Table 1. Factor loadings of the research constructs

Variables question  Outer Loadings T-value P-value
Power distance Q207 0.628 10.956 0.000
Power distance Q208 0.778 24.651 0.000
Power distance Q209 0.771 22.117 0.000
Power distance Q210 0.649 12.244 0.000
Power distance Q211 0.656 12.171 0.000
Power distance Q212 0.433 4.990 0.000
Extraversion Q272 0.370 5.833 0.000
Extraversion Q273 0.536 10.267 0.000
Extraversion Q275 0.663 16.459 0.000
Extraversion Q276 0.708 22.776 0.000
Extraversion Q277 0.536 10.860 0.000
Extraversion Q278 0.716 19.161 0.000
Extraversion Q279 0.668 16.965 0.000
Extraversion Q281 0.569 11.335 0.000
Extraversion Q282 0.664 16.311 0.000
Extraversion Q283 0.493 9.292 0.000
Conscientiousness Q308 0.614 12.248 0.000
Conscientiousness Q309 0.622 14.230 0.000
Conscientiousness Q311 0.721 25.410 0.000
Conscientiousness Q312 0.710 17.860 0.000
Conscientiousness Q314 0.736 26.789 0.000
Conscientiousness Q315 0.720 24.294 0.000
Conscientiousness Q317 0.688 18.718 0.000
Conscientiousness Q320 0.667 17.613 0.000
Auditor impartiality Q420 0.683 20.616 0.000
Auditor impartiality Q421 0.300 4.096 0.000
Auditor impartiality Q422 0.730 23.367 0.000
Auditor impartiality Q423 0.752 27.831 0.000
Auditor impartiality Q424 0.772 23.594 0.000
Auditor impartiality Q425 0.687 17.941 0.000
Auditor impartiality Q426 0.775 27.938 0.000
Auditor impartiality Q427 0.741 28.377 0.000

The reliability of the questionnaire and the study's variables was examined using Cronbach's alpha.
The reliability coefficient for each section exceeded 0.7, and the overall questionnaire reliability was
0.9, confirming the data's reliability. This coefficient serves as a key criterion for assessing a scale's
consistency. As is clear from Table 3, according to the sample of this study, most of the research
variables have a Cronbach's alpha higher than 0.7, and the internal reliability of the constructs and
the composite reliability related to the variables are also higher than 0.7, indicating that the validity

and reliability of the variables are confirmed.

Table 2. Harman's single-factor test for common method bias

Component Total % of Variance Cumulative %
1 8.493 26.540 26.540
2 2.535 7.922 34.462
3 1.921 6.003 40.465
4 1.611 5.035 45.500
5 1.281 4.003 49.503
6 1.183 3.698 53.201
7 1.006 3.143 56.343
8 0.925 2.892 59.235
9 0.913 2.855 62.090
10 0.876 2.738 64.828
11 0.839 2.622 67.450
12 0.776 2.426 69.876
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13 0.741 2.316 72.192
14 0.706 2.207 74.398
15 0.672 2.099 76.498
16 0.638 1.992 78.490
17 0.598 1.868 80.358
18 0.593 1.852 82.210
19 0.585 1.827 84.036
20 0.546 1.705 85.742
21 0.515 1.611 87.352
22 0.463 1.445 88.798
23 0.455 1.421 90.219
24 0.443 1.385 91.604
25 0.416 1.300 92.904
26 0.385 1.204 94.108
27 0.374 1.168 95.276
28 0.366 1.144 96.421
29 0.339 1.059 97.479
30 0.290 0.905 98.384
31 0.268 0.838 99.222
32 0.249 0.778 100.000

Extraction Method: Principal Component Analysis.

Table 3. Cronbach's alpha and goodness-of-fit criteria for research variables

, Internal Reliabilit Composite

Cronbach’s Alpha of Constructs Y ReliaI;)ility
Power distance 0.769 0.775 0.820
Conscientiousness 0.839 0.844 0.876
Extroversion 0.799 0.812 0.846
Auditor impartiality 0.839 0.863 0.878

4. Research findings
The research findings are presented in three main sections: demographic information, hypothesis
test results, and additional peripheral findings.

4.1. Demographic data results

As detailed in Table 4, the sample comprised 384 participants, of whom 54.4% were male.
Furthermore, approximately 51.8% held a bachelor’s degree or higher, nearly 45% possessed two or
more years of auditing experience, and over 58.6% were under 30 years of age. These descriptive
statistics suggest that the sample exhibits sufficient diversity to permit generalization to the broader
population.

Table 4. Demographic information of respondents

Feature Number Percentage Feature Number Percentage
Gender Work Experience

Female 175 45.600 Less than 2 years 166 43.200
Male 209 54.400 Between 2 and 5 years 136 35.400
Age Between 5 and 10 years 54 14.100
Under 30 years 225 58.600 More than 10 years 28 7.300
Between 30 and 40 years 110 28.700 Responsibility in the Audit Firm

Between 40 and 50 years 37 9.600 Assistant Auditor 89 23.200
Over 50 years 12 3.100 Auditor 155 40.400
Education Level Senior Auditor 67 17.500
Diploma and less than a diploma 37 9.600 Audit Supervisor 26 6.700
Associate 43 11.200 Senior Audit Supervisor 16 4.200
Bachelor 199 51.800 Audit Manager 10 2.500
Master 94 24.500 Audit Partner 21 5.500
PhD 11 2.900 HoEE wew wk%
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4.2. Hypothesis testing results

The results of the hypothesis testing include descriptive statistics and inferential statistics. The
descriptive statistics section is presented in two parts: Table 5 details the descriptive statistics for the
research variables, and Table 6 outlines the percentage distribution of participants across the defined
levels of each variable. Following this, the inferential statistics are reported sequentially, beginning
with the Pearson correlation coefficients, followed by the model goodness-of-fit statistics, and
concluding with the results from the structural equation modeling.

4.2.1. Descriptive statistics information
4.2.1.1. Descriptive statistics information of the variables

Table 5. Descriptive statistics of research variables

Power distance Conscientiousness Extraversion . AUdl.tOl:
impartiality

Mean 63.870 69.530 66.310 74.450
Median 62.500 70.300 66.200 75.000
Mode 50.000 50.000 57.500 75.000
SD 17.900 16.970 15.700 17.140
Variance 320.430 288.070 246.240 293.81
Skewness 0.078 -0.104 0.043 -0.294
Kurtosis 0.192 -0.240 -0.248 -0.528
Min 0.000 0.000 15.000 6.250
Max 100 100 100 100

All variables were measured on a five-point Likert scale (1-5) and then converted to a percentage
scale (0-100) for descriptive reporting. As presented in Table 5, among the variables examined,
impartiality recorded the highest mean (74.45) and median (75). In contrast, power distance showed
the lowest mean (63.87). Regarding variability, extroversion had the lowest standard deviation
(15.70), while power distance exhibited the highest (17.90).

4.2.1.2. Results of the percentage of participants' opinions on each variable

Table 6. Percentage distribution of responses across each variable

Very Low  Low S(:nltfiviﬁ:zt_ High  Veryhigh  Standard

(%) (%) %) (%) (%) deviation
Power distance 1.000 4.700 38.800 38.800 16.700 18.120
Conscientiousness 0.300 0.500 32.000 37.500 29.700 17.420
Extroversion 0.300 4.400 37.200 39.100 19.000 17.980
Auditor impartiality 0.300 0.500 25.800 34.600  38.800 18.500

Table 6 below summarizes the five categories (Very Low, Low, Somewhat-medium level, High,
and Very high) for each variable, presented as percentages of the total sample of 384 respondents.
For example, of the people rating themselves on conscientiousness as Somewhat-medium (about 123
respondents), 32.0% were chosen.

The response rates for conscientiousness, extraversion, and impartiality were the lowest (0.3%) at
the 'Very Low' level, while power distance had the highest (1.0%). Power distance was the highest
percentage (4.7%) of the joint rate within the '"Low' category, while impartiality and conscientiousness

Alvari Chenari et al,. IJAAF; Vol. 10 No. 3 Summer 2026, pp: 139-161



151 RESEARCH ARTICLE

had the lowest percentages (0.5%). The most common at the ‘Somewhat-medium’ level was power
distance (38.8%), and impartiality occurred the least often (25.8%). Extraversion (39.1%) and even
entertainment had a higher proportion of ‘High’ level, while impartiality only had a 34.6% share as
‘High’ level characters, respectively. Finally, in the ‘Very High’ category, impartiality recorded the
highest percentage (38.8%), while power distance recorded the lowest (16.7%).

4.2.2. Inferential statistics
4.2.2.1. Pearson correlation

Table 7. Pearson correlation between research variables

Power distance Conscientiousness Extraversion . AUdl.tm:
impartiality
Power distance 1
Conscientiousness 0.234%* 1
Extroversion 0.304%** 0.547** 1
Auditor 0.306%* 0.567%* 0.503%* 1
impartiality

**Significance at the 1% alpha level

Table 7 shows that, at 0.567 and 0.306, respectively, the dependent variable of impartiality has the
strongest and lowest correlation with the conscientiousness and power distance variables.
Additionally, the association between impartiality and conscientiousness has the highest correlation
in the table (0.567), while the power distance and conscientiousness variables have the lowest
correlation (0.234).

4.2.2.2. FIT Model

SRMR, or the standard root mean square residual index, is the difference between the observed
correlation and the correlation matrix of the structural model. According to Table 8, if the value of
this index is less than 0.08, it indicates a good fit of the Model. In this realization, the values are

appropriate and accurate.
Table 8. Research Model fitness indices

Suitable size Saturated Model
0.08< 0.068 SRMR

To assess discriminant validity, we applied the Fornell-Larcker criterion (Fornell and Larcker,
1981). This criterion requires that the square root of the average variance extracted (AVE) for each
latent construct be greater than the construct's highest correlation with any other construct. Table 9
presents the Fornell-Larcker matrix, where the diagonal elements represent the AVEs and the off-
diagonal elements represent inter-construct correlations. The results show that each AVE (diagonal)
is larger than the corresponding off-diagonal correlations in the same row and column, thereby

confirming discriminant validity.
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Table 9. Fornell-Larcker matrix for research variables
Auditor Power

Extroversion . - . Conscientiousness
impartiality distance
Extroversion 0.602
Auditor Impartiality 0.532 0.696
Power distance 0.361 0.379 0.662
Conscientiousness 0.567 0.590 0.321 0.686

In addition to the Fornell-Larcker criterion, we assessed discriminant validity using the
Heterotrait-Monotrait (HTMT) ratio of correlations (Henseler et al., 2015). Some researchers prefer
the HTMT criterion because of its higher sensitivity in detecting discriminant validity issues. A
common threshold for acceptable discriminant validity is HTMT < 0.85 (conservative) or HTMT <
0.90 (liberal). As shown in Table 10, all HTMT values are below 0.90, confirming that discriminant
validity is established.

Table 10. Divergent validity based on the HTMT index

Auditor . Power ..
. . 1. Extroversion . Conscientiousness
impartiality distance

Auditor impartiality

Extroversion 0.623

Power distance 0.408 0.402

Conscientiousness 0.680 0.677 0.329

Stone-Geisser's Q? criterion was used to assess the predictive relevance of the structural model
(Stone, 1974). According to Henseler et al. (2009), Q? values of 0.02, 0.15, and 0.35 indicate weak,
medium, and strong predictive relevance, respectively. As shown in Table 11, the Q? value for the
endogenous construct (auditor impartiality) is 0.30, indicating that the model has medium-to-strong
predictive relevance.

Table 11. Q2 criterion for the endogeneity variable of the research
Variable Q?
Auditor impartiality 0.300

4.2.2.3. Structural Equation Modeling

The study's use of structural equation modeling is depicted in Figures 1 and 2. The standard
regression coefficients for each association have been provided, as shown. The study’s hypothesis
findings are also discussed.

The adjusted coefficient of determination (R?) is 0.448, indicating that the independent and
moderating variables collectively explain 44.8% of the variance in auditor impartiality. The
independent variable, auditors' conscientiousness, has a positive and significant impact on Auditors'
impartiality, as shown in Figure 2, with a standard regression coefficient of 0.403 and a significance
level of 0.000. This validated the first hypothesis. The second hypothesis of the study is confirmed
by Figure 2, which shows that the independent variable of auditors' extraversion, with a standard
regression coefficient of 0.241 and a significance level of 0.000, generally has a positive and
significant effect on Auditors' impartiality. The third hypothesis of the study is rejected because, as
Figure 2 illustrates, the independent variable, power distance in auditing firms, has a positive and
substantial impact on Auditors' impartiality, with a standard regression coefficient of 0.190 and a
significance level of 0.000.

As shown in Figure 2, the interaction effect between conscientiousness and power distance on
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auditor impartiality is not statistically significant (B = -0.052, p = 0.204). Therefore, H4 is not
supported, indicating that power distance does not moderate the relationship between
conscientiousness and impartiality. Furthermore, the interaction between extraversion and power
distance is statistically significant (B = -0.098, p = 0.019), supporting HS5. This negative coefficient
indicates that power distance weakens the positive relationship between extraversion and auditor
impartiality.

In addition, Figure 3 presents the interaction plot for the moderating effect of power distance on
the relationship between conscientiousness and auditor impartiality. As shown, although the slopes
differ slightly across different levels of power distance, the interaction effect is not statistically
significant ( = -0.052, p = 0.204). Therefore, H4 is not supported.
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Figure 1. Standard regression coefficients of the main research Model
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Figure 2. Significance level of standard regression coefficients of the main research Model

Figure 3. The moderating effect of power distance on the relationship between conscientiousness and auditor
impartiality

Figure 4 presents the interaction plot for the moderating effect of power distance on the

relationship between extraversion and auditor impartiality. The three lines represent different levels

of power distance: low (-1 SD), mean, and high (+1 SD). As shown, the positive relationship between

extraversion and impartiality is strongest when power distance is low (the top line) and weakest when

power distance is high (the bottom line). This pattern confirms that power distance negatively

Alvari Chenari et al,. IJAAF; Vol. 10 No. 3 Summer 2026, pp: 139-161



	0-صفحات اول-36.pdf (p.1-10)
	1-1632.pdf (p.11-29)
	2-1611.pdf (p.30-54)
	3-1662.pdf (p.55-85)
	4-1599.pdf (p.86-100)
	5-1621.pdf (p.101-117)
	6-1634.pdf (p.118-142)


    C S S D  t   =      ∑  i = 1  N  (   r  i , t −   r  t  ) 2  N − 1


    C S S D  t


  t


    r  i , t


  i


  t


    r  t


    t


  N


    C S A D  t   =   𝛼   +     𝛾 1 |   r  t |   +     𝛾 2   r  t 2   +     e  t


    C S A D  t


    C S A D  t   =  1  N     ∑  i = 1  N |   r  i , t −   r  t |


    C S A D  t


    r  t


    t


    r  i , t


  i


  t


  N


  𝛼


    𝛾 1


    𝛾 2


    𝛾 1


    𝛾 2


    𝛾 2


  C S A D


      R t =  α 0 +  α 1   R  t − 1   +    ε t #  ( 4 )


    𝜀  t   ~   N ( 0 ,   𝜎  t 2 )


    𝜎  t 2   =     𝛽 0 +     𝛽 1   𝜇  t − 1 2  


   R t


   R t


    𝜎  t 2


    𝜎  t − 1 2


    𝜇  t − 1 2


    r  t


    C S A D  t


    r  t  c c


    C S A D  t  c c


    r  t  e n


    C S A D  t  e n


    r  t  f i n


    C S A D  t  f i


    r  t  h c


    C S A D  t  h c


    r  t  i n


    C S A D  t  i n


    r  t  m a


    C S A D  t  m a


    r  t  n c


    C S A D  t  n c


    r  t  i t


    C S A D  t  i t


    r  t  t c


    C S A D  t  t c


    r  t  u t


    C S A D  t  u t


    r  t


    C S A D  t 


    r  t  c c


    C S A D  t  c c


    r  t  e n


    C S A D  t  e n


    r  t  f i n


    C S A D  t  f i


    r  t  h c


    C S A D  t  h c


    r  t  i n


    C S A D  t  i n


    r  t  m a


    C S A D  t  m a


    r  t  n c


    C S A D  t  n c


    r  t  i t


    C S A D  t  i t


    r  t  t c


    C S A D  t  t c


    r  t  u t


    C S A D  t  u t


    r  t


    C S A D  t 


    𝜸  𝟏


    𝜸  𝟐


  𝜶


    𝑹  𝟐


    𝜸  𝟏


    𝜸  𝟐


  𝜶


    𝑹  𝟐


    𝜷  𝟎


    𝜷  𝟏


    𝜷  𝟎


    𝜷  𝟏


    𝜸  𝟏


    𝜸  𝟐


  𝜶


    𝑹  𝟐


    𝜷  𝟎


    𝜷  𝟏


  IC =   I − tR − f [ t   ( I − R ) ]


  EU ( I ) = pU (  I C ) + ( 1 − p ) U (  I N )


    T A  i t


      T a x   C o m p l i a n c e  i t = 1 −   T A  i t  


    T A  i t = 0


    T A  i t > 0


  A c c =   ( T P + T N )  ( T P + T N + F P + F N ) =   ( 159 + 59 )  ( 159 + 59 + 55 + 134 ) = 0 . 54


    R e c a l l + =   T P   ( T P + 0 + 0 + F N ) =  159   ( 159 + 0 + 0 + 134 ) = 0 . 54


    R e c a l l + =   T P   ( T P + 0 + 0 + F N ) =  159   ( 159 + 0 + 0 + 134 ) = 0 . 54


    R e c a l l − =   T N  ( 0 + T N + F P + 0 ) =  59  ( 0 + 59 + 55 + 0 ) = 0 . 52


    R e c a l l − =   T N  ( 0 + T N + F P + 0 ) =  59  ( 0 + 59 + 55 + 0 ) = 0 . 52


    P r e c i s i o n + =   T P  ( T P + 0 + F P + 0 ) =  159  ( 159 + 0 + 55 + 0 ) = 0 . 74


    P r e c i s i o n + =   T P  ( T P + 0 + F P + 0 ) =  159  ( 159 + 0 + 55 + 0 ) = 0 . 74


    P r e c i s i o n − =   T N   ( 0 + T N + 0 + F N ) =  59   ( 0 + 59 + 0 + 134 ) = 0 . 31


    P r e c i s i o n − =   T N   ( 0 + T N + 0 + F N ) =  59   ( 0 + 59 + 0 + 134 ) = 0 . 31


    F − M e a s u r e − =   2 ∗   R e c a l l −   ∗ P r e c i s i o n −    R e c a l l −   + P r e c i s i o n − =   2 ∗ 0 . 52 ∗ 0 . 31  0 . 52 + 0 . 31 = 0 . 388


    F − M e a s u r e − =   2 ∗   R e c a l l −   ∗ P r e c i s i o n −    R e c a l l −   + P r e c i s i o n − =   2 ∗ 0 . 52 ∗ 0 . 31  0 . 52 + 0 . 31 = 0 . 388


    F − M e a s u r e + =   2 ∗   R e c a l l +   ∗ P r e c i s i o n +    R e c a l l +   + P r e c i s i o n + =   2 ∗ 0 . 54 ∗ 0 . 74  0 . 54   + 0 . 74 = 0 . 624


    F − M e a s u r e + =   2 ∗   R e c a l l +   ∗ P r e c i s i o n +    R e c a l l +   + P r e c i s i o n + =   2 ∗ 0 . 54 ∗ 0 . 74  0 . 54   + 0 . 74 = 0 . 624


  L i f t = 1 . 22


  L i f t = 1 . 22


  A c c =   ( T P + T N )  ( T P + T N + F P + F N ) =   ( 202 + 49 )  ( 202 + 49 + 65 + 91 ) = 0 . 62


    R e c a l l + =   T P   ( T P + 0 + 0 + F N ) =  202   ( 202 + 0 + 0 + 91 ) = 0069


    R e c a l l + =   T P   ( T P + 0 + 0 + F N ) =  202   ( 202 + 0 + 0 + 91 ) = 0069


    R e c a l l − =   T N  ( 0 + T N + F P + 0 ) =  49  ( 0 + 49 + 65 + 0 ) = 0 . 43


    R e c a l l − =   T N  ( 0 + T N + F P + 0 ) =  49  ( 0 + 49 + 65 + 0 ) = 0 . 43


    P r e c i s i o n + =   T P  ( T P + 0 + F P + 0 ) =  202  ( 202 + 0 + 65 + 0 ) = 0 . 76


    P r e c i s i o n + =   T P  ( T P + 0 + F P + 0 ) =  202  ( 202 + 0 + 65 + 0 ) = 0 . 76


    P r e c i s i o n − =   T N   ( 0 + T N + 0 + F N ) =  49   ( 0 + 499 + 0 + 91 ) = 0 . 35


    P r e c i s i o n − =   T N   ( 0 + T N + 0 + F N ) =  49   ( 0 + 499 + 0 + 91 ) = 0 . 35


    F − M e a s u r e − =   2 ∗   R e c a l l −   ∗ P r e c i s i o n −    R e c a l l −   + P r e c i s i o n − =   2 ∗ 0 . 43 ∗ 0 . 35  0 . 43 + 0 . 35 = 0 . 385


    F − M e a s u r e − =   2 ∗   R e c a l l −   ∗ P r e c i s i o n −    R e c a l l −   + P r e c i s i o n − =   2 ∗ 0 . 43 ∗ 0 . 35  0 . 43 + 0 . 35 = 0 . 385


    F − M e a s u r e + =   2 ∗   R e c a l l +   ∗ P r e c i s i o n +    R e c a l l +   + P r e c i s i o n + =   2 ∗ 0 . 69 ∗ 0 . 76  0 . 69   + 0 . 76 = 0 . 723


    F − M e a s u r e + =   2 ∗   R e c a l l +   ∗ P r e c i s i o n +    R e c a l l +   + P r e c i s i o n + =   2 ∗ 0 . 69 ∗ 0 . 76  0 . 69   + 0 . 76 = 0 . 723


  L i f t = 1 . 4


  A c c =   ( T P + T N )  ( T P + T N + F P + F N ) =   ( 139 + 78 )  ( 139 + 78 + 36 + 154 ) = 0 . 53


    R e c a l l + =   T P   ( T P + 0 + 0 + F N ) =  139   ( 139 + 0 + 0 + 154 ) = 0 . 48


    R e c a l l + =   T P   ( T P + 0 + 0 + F N ) =  139   ( 139 + 0 + 0 + 154 ) = 0 . 48


    R e c a l l − =   T N  ( 0 + T N + F P + 0 ) =  78  ( 0 + 78 + 36 + 0 ) = 0 . 68


    R e c a l l − =   T N  ( 0 + T N + F P + 0 ) =  78  ( 0 + 78 + 36 + 0 ) = 0 . 68


    P r e c i s i o n + =   T P  ( T P + 0 + F P + 0 ) =  139  ( 139 + 0 + 36 + 0 ) = 0 . 79


    P r e c i s i o n + =   T P  ( T P + 0 + F P + 0 ) =  139  ( 139 + 0 + 36 + 0 ) = 0 . 79


    P r e c i s i o n − =   T N   ( 0 + T N + 0 + F N ) =  78   ( 0 + 78 + 0 + 154 ) = 0 . 36


    P r e c i s i o n − =   T N   ( 0 + T N + 0 + F N ) =  78   ( 0 + 78 + 0 + 154 ) = 0 . 36


    F − M e a s u r e − =   2 ∗   R e c a l l −   ∗ P r e c i s i o n −    R e c a l l −   + P r e c i s i o n − =   2 ∗ . . 68 ∗ . . 36  . . 68 + . . 36 = 0 . 47


    F − M e a s u r e − =   2 ∗   R e c a l l −   ∗ P r e c i s i o n −    R e c a l l −   + P r e c i s i o n − =   2 ∗ . . 68 ∗ . . 36  . . 68 + . . 36 = 0 . 47


    F − M e a s u r e + =   2 ∗   R e c a l l +   ∗ P r e c i s i o n +    R e c a l l +   + P r e c i s i o n + =   2 ∗ 0 . 48 ∗ 0 . 79  . . 48   + 0 . 79 = 0 . 579


    F − M e a s u r e + =   2 ∗   R e c a l l +   ∗ P r e c i s i o n +    R e c a l l +   + P r e c i s i o n + =   2 ∗ 0 . 48 ∗ 0 . 79  . . 48   + 0 . 79 = 0 . 579


  L i f t = 1 . 34


  L i f t = 1 . 34


  A c c =   ( T P + T N )  ( T P + T N + F P + F N ) =   ( 187 + 39 )  ( 187 + 39 + 75 + 106 ) = 0 . 56


    R e c a l l + =   T P   ( T P + 0 + 0 + F N ) =  187   ( 187 + 0 + 0 + 106 ) = 0 . 64


    R e c a l l + =   T P   ( T P + 0 + 0 + F N ) =  187   ( 187 + 0 + 0 + 106 ) = 0 . 64


    R e c a l l − =   T N  ( 0 + T N + F P + 0 ) =  39  ( 0 + 39 + 75 + 0 ) = 0 . 34


    P r e c i s i o n + =   T P  ( T P + 0 + F P + 0 ) =  187  ( 187 + 0 + 75 + 0 ) = 0 . 71


    P r e c i s i o n + =   T P  ( T P + 0 + F P + 0 ) =  187  ( 187 + 0 + 75 + 0 ) = 0 . 71


    P r e c i s i o n − =   T N   ( 0 + T N + 0 + F N ) =  39   ( 0 + 39 + 0 + 106 ) = 0 . 27


    P r e c i s i o n − =   T N   ( 0 + T N + 0 + F N ) =  39   ( 0 + 39 + 0 + 106 ) = 0 . 27


    F − M e a s u r e − =   2 ∗   R e c a l l −   ∗ P r e c i s i o n −    R e c a l l −   + P r e c i s i o n − =   2 ∗ . . 34 ∗ . . 27  . . 34 + . . 27 = 0 . 30


    F − M e a s u r e − =   2 ∗   R e c a l l −   ∗ P r e c i s i o n −    R e c a l l −   + P r e c i s i o n − =   2 ∗ . . 34 ∗ . . 27  . . 34 + . . 27 = 0 . 30


    F − M e a s u r e + =   2 ∗   R e c a l l +   ∗ P r e c i s i o n +    R e c a l l +   + P r e c i s i o n + =   2 ∗ 0 . 64 ∗ 0 . 71  . . 64   + 0 . 71 = 0 . 67


    F − M e a s u r e + =   2 ∗   R e c a l l +   ∗ P r e c i s i o n +    R e c a l l +   + P r e c i s i o n + =   2 ∗ 0 . 64 ∗ 0 . 71  . . 64   + 0 . 71 = 0 . 67


  L i f t =   1 . 08


  L i f t =   1 . 08


   REVINCR i = α +  β 1  ACTION i +  β 2   F _ OWN i +  β 3   F _ TMAGER i +  β 4   TMANAGER _ EXP i +  β 5  FIRM i +  β 6  COUNTRY i +  μ i   + FE    ( Area ) + FE    ( Year )    ( Model   1 )


   FACCESS i = α +  β 1  ACTION i +  β 2   F _ OWN i +  β 3   F _ TMAGER i +  β 4   TMANAGER _ EXP i +  β 5  FIRM i +  β 6  COUNTRY i +  μ i   + FE    ( Area ) + FE    ( Year )    ( Model   2 )


     REVINCR i


       FACCESS i


   ACTION i


    F _ OWN i


    F _ TMAGER i


   μ i


  𝐅 𝐀 𝐂 𝐂 𝐄 𝐒 𝐒


  𝐅 𝐀 𝐂 𝐂 𝐄 𝐒 𝐒


  𝐅 𝐀 𝐂 𝐂 𝐄 𝐒 𝐒


  𝐅 𝐀 𝐂 𝐂 𝐄 𝐒 𝐒


  𝐅 𝐀 𝐂 𝐂 𝐄 𝐒 𝐒


  𝐅 𝐀 𝐂 𝐂 𝐄 𝐒 𝐒


  𝐅 𝐀 𝐂 𝐂 𝐄 𝐒 𝐒


  𝐅 𝐀 𝐂 𝐂 𝐄 𝐒 𝐒


  𝐅 𝐀 𝐂 𝐂 𝐄 𝐒 𝐒


  𝐅 𝐀 𝐂 𝐂 𝐄 𝐒 𝐒


  𝐅 𝐀 𝐂 𝐂 𝐄 𝐒 𝐒


  𝐅 𝐀 𝐂 𝐂 𝐄 𝐒 𝐒


  𝐅 𝐀 𝐂 𝐂 𝐄 𝐒 𝐒


  𝐅 𝐀 𝐂 𝐂 𝐄 𝐒 𝐒


  𝐅 𝐀 𝐂 𝐂 𝐄 𝐒 𝐒


  𝐅 𝐀 𝐂 𝐂 𝐄 𝐒 𝐒


  𝐅 𝐀 𝐂 𝐂 𝐄 𝐒 𝐒


  𝐅 𝐀 𝐂 𝐂 𝐄 𝐒 𝐒


  𝐅 𝐀 𝐂 𝐂 𝐄 𝐒 𝐒


  𝐅 𝐀 𝐂 𝐂 𝐄 𝐒 𝐒


  𝐅 𝐀 𝐂 𝐂 𝐄 𝐒 𝐒


  𝐅 𝐀 𝐂 𝐂 𝐄 𝐒 𝐒


  𝐅 𝐀 𝐂 𝐂 𝐄 𝐒 𝐒


  𝐅 𝐀 𝐂 𝐂 𝐄 𝐒 𝐒


  𝐅 𝐀 𝐂 𝐂 𝐄 𝐒 𝐒


  𝐅 𝐀 𝐂 𝐂 𝐄 𝐒 𝐒


  𝐅 𝐀 𝐂 𝐂 𝐄 𝐒 𝐒


  𝐅 𝐀 𝐂 𝐂 𝐄 𝐒 𝐒


  𝐅 𝐀 𝐂 𝐂 𝐄 𝐒 𝐒


  𝐅 𝐀 𝐂 𝐂 𝐄 𝐒 𝐒


    R i s k  i t =   𝛽 0 +   𝛽 1   R i s k  i , t − 1 +   𝛽 2   M A P P  i t +  ∑    𝛽  b   B a n k S p e c i f i c  i t +  ∑    𝛽  M   M a c r o  t +   u  i t


    R i s k  i t


    M A P P  i t


    B a n k S p e c i f i c  i t


    M a c r o  t


      u  i t


    Z  i t =     R O A  i t +     E  i t    A  i t  S d .   ( R O A )  i t


      R O A  i t


    S d .   ( R O A )  i t


    X  i  S = (   X  i − m i n X ) / ( m a x X − m i n X )


    X  i


    X  i  S


  m i n X


  m a x X


    L T I  t  s = (   L T I  t − m i n L T I ) / ( m a x L T I − m i n L T I )


    L T D  t  s = (   L T D  t − m i n L T D ) / ( m a x L T D − m i n L T D )


    L V R  t  s = (   L V R  t − m i n L V R ) / ( m a x L V R − m i n L V R )


    L C R  t  s = (   L C R  t − m i n L C R ) / ( m a x L C R − m i n L C R )


    M A P P I N D E X  t = (   L T I  t  s +   L T D  t  s +   L V R  t  s +   L C R  t  s ) / 4


  D I V L = 1 −  |   R I − O I  T I |


    M S  i t =   a 0 +   a 1   E S G  i t +   a 2   O v e r . C o n  i t +   a 3   l e v  i t +   a 4   G R W  i t +   a 5   s i z e  i t +   a 6   a g e  i t +   a 7   r o a  i t +   a 8   l o s s  i t +   a 9  BSIZE  i t +   a 10  CFO  i t +   a 11   T A  i t +   a 12   I n f l a t i o n  i t +   a 13   S a n c t i o n  i t +   a 14   Y e a r  i t +   a 15   I n d u s t r y  i t +   𝜀  i t


  ESG   =   0 . 337 E   +   0 . 388 s   +   0 . 275 G


  E S G   =   0 . 337 E   +   0 . 388 S   +   0 . 275 G


  Sharpe Ratio =     R  i −   R  f    𝜎  i


    R  i


  i


    R  f


    𝜎  i


  i


    A s s e t s . G r  i t =   a 0 +   a 1   s a l e s . G r  i t +   𝜀  i t


    M S  i t =   a 0 +   a 1   E S G  i t +   a 2   I n f l a t i o n  i t +   a 3   E S G ∗ I n f l a t i o n  i t +   a 4   S a n c t i o n  i t +   a 5   E S G ∗ S a n c t i o n  i t +   a 6  BSIZE  i t +   a 7   a g e  i t +   a 8   r o a  i t +   a 9    i t +   a 10   l o s s  i t +   a 11  CFO  i t +   a 12   T A  i t +   a 13   l e v  i t +   a 14   O v e r . C o n  i t +   a 15   G R W  i t +   a 16   s i z e  i t +   a 17   Y e a r  i t +   a 18   I n d u s t r y  i t +   𝜀  i t


  F = 0 . 02 , p = 0 . 87 ,   𝜂  p 2 = 0 . 001 , Cohen’s  d = 0 . 04


  𝒅


  F = 1 . 45 , p = 0 . 22 ,   𝜂  p 2 = 0 . 12


  𝒅


  𝒅


  p = 0 . 22


  𝛼 = 0 . 01


  F = 5 . 27 , p = 0 . 02 ,   𝜂  p 2 = 0 . 13 ,   Cohen’s  d = − 0 . 87


  0 . 05 / 5


  𝛼 = 0 . 01


  F = 0 . 02 , p = 0 . 87


  d = 0 . 06


  . 22


  F = 5 . 27 , p = 0 . 02


  𝛼 = 0 . 01


  N = 63

