:' frontiers ‘ Frontiers in Environmental Science

‘ @ Check for updates

OPEN ACCESS

Vishal Dagar,
Great Lakes Institute of Management,
India

Federica Demaria,

Council for Agricultural and Economics
Research (CREA), Italy

Mahejabin Sayyad,

Agasti Arts, Commerce and Dadasaheb
Rupwate Science College, India

Muhammad Anees Khan,
lookaneesl123@gmail.com

This article was submitted to
Environmental Economics and
Management,

a section of the journal

Frontiers in Environmental Science

20 July 2022
31 August 2022
05 October 2022

Khan MA, Mazliham MS, Alam MM,
Aman N, Malik S, Urooj SF and Taj T
(2022), An empirical mediation analysis
of technological innovation based on
artificial intelligence in the relationship
between economic development and
corporate governance mechanism.
Front. Environ. Sci. 10:999096.

doi: 10.3389/fenvs.2022.999096

© 2022 Khan, Mazliham, Alam, Aman,
Malik, Urooj and Taj. This is an open-
access article distributed under the
terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other
forums is permitted, provided the
original author(s) and the copyright
owner(s) are credited and that the
original publication in this journal is
cited, in accordance with accepted
academic practice. No use, distribution
or reproduction is permitted which does
not comply with these terms.

Frontiers in Environmental Science

Original Research
05 October 2022
10.3389/fenvs.2022.999096

An empirical mediation analysis
of technological innovation
based on artificial intelligence in
the relationship between
economic development and
corporate governance
mechanism

Muhammad Anees Khan'*, M. S. Mazliham?,
Muhammad Mansoor Alam?, Nida Aman?, Sakshi Malik?,
Syeda Faiza Urooj* and Tanveer Taj!

Bahria Business School, Bahria University, Islamabad, Pakistan, 2Faculty of Computing and Informatics,
Multimedia University, Cyberjaya, Malaysia, *Jindal Global Business School, O.P. Jindal Global
University, Sonipat, Haryana, India, “Department of Commerce, Federal Urdu University of Arts Science
and Technology, Islamabad, Pakistan

Although strong recommendations and steps have been developed and taken
to adopt the latest technological trend through corporate governance reforms
for improving the economic development, however, the trend toward adopting
the latest technology has not been adopted and thus has remained a big issue in
the non-financial sector for the last two decades around the globe. The study
used GLS (random effect) regression estimator to a sample composed of
1600 firm-year observations from 2017 to 2021. The findings indicated that
the majority of the firms were involved in an income-decreasing economic
situation. Moreover, the findings evidenced that compliance with some specific
CG attributes welcomed the technological innovation and significantly had an
impact on the economic development. However, some CG attributes of the
models did not play any significant role in technological innovation and
economic development which needs improvement. Moreover, this study
also evidenced that the impact of CG attributes is not directly affecting
economic development but is mediated by the technological innovation,
which is of importance to managers of a firm, who hold responsibility for
investing and financing activities. In addition, this study revealed a fully
significant mediating role of technological innovation in the relationship of
BOD meetings, audit committee size, managerial ownership, and foreign
ownership with economic development. However, no significant mediating
role of technological innovation was observed in the relationship of
independent BOD and economic development. All in all, the results of this
study have significance for regulatory bodies, researchers, academic
researchers, practitioners, publicly listed companies in Malaysia, the Bursa
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Malaysia and the security commission to uplift their financial performance and
curb EM activities through the effective use of CG mechanisms.
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1 Introduction

Over the last two decades, technological innovation (artificial
intelligence), economic development, and corporate governance
(CG) mechanisms have significantly influenced businesses,
stakeholders, and shareholders around the world. In this regard,
due to lack of technological innovation (artificial intelligence), the
late 1990s and early 21st century witnessed the series of different
accounting scandals (e.g., Enron, HealthSouth, Parmalat, Tyco,
WorldCom, and Xerox) appeared across the United States and
Europe which have changed the climate of business and trust
(Petrick and Scherer, 2003). In addition, companies did not focus
on environmental, social, and governance issues, which in return
create issues for different business organizations around the globe.
After witnessing these scandals, security agencies, stock markets, and
other stakeholders felt the need for technological innovation that will
control these scandals and will lead to economic development. These
scandals caused damage, including a decline in the worldwide
reputations of companies, auditors, security analysts, regulators,
and financial markets (Ball, 2009). Moreover, it was also noted
by the authors that the adoptability issue of technological innovation
has always been a concern for the stakeholders and auditors which
can lead to economic development. Empirical evidence from the
academic literature has shown that the good corporate governance
practices have always had an impact on the economic and financial
performance of the organization by minimizing the economic
development by adopting the latest technological
advancement (Barth and Lang, 2008). Ban et al. (2022); Chen
et al. (2021); Lei et al. (2021) demonstrated that technological
development is one of the successful instruments of the

issues

executives, which attract the stakeholders for investment, and
thus helps in boosting the economic development in the shape of
return on assets, return on equity and earning per share. It also helps
in minimizing the time and improves the efficiency of the
organization. So, in this regard, installing and using technology
in the shape of artificial intelligence is considered as core business
decisions of the firm. Overall, it can be noted that the essential goal of
the firm was to boost the investor’s wealth by choosing an
appropriate advancement in technology to have a positive impact
on the relationship between corporate governance mechanism and
economic/financial growth (Lei et al,, 2021; Pan et al, 2021; Lu et al.,
2022). In this regard, numerous specialists have conducted their
examinations to recognize corporate governance, technological
advancement, and economic performance to center around
whether what are its qualities and how these attributes affect the
performance of the firm Shen et al., 2022; Wu and Zhu 2021; Xu
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et al, 2022). Studies found numerous answers identified with
analysts’ questions through giving a reasonable meaning of good
corporate governance, their morals and techniques utilized so as to
perform, oversee, and screen a business. The greater part of these
examinations was to look at the connection between corporate
governance components and performance measures (Shen et al,
2022). In the previous two decades, consideration about problems
identified with corporate governance, technological advancement,
and economic development is expanding because of progression of
money-related and financial occasions occurring in the world over.
In such a manner, prominent budgetary outrages, monetary
emergencies, and startling corporate disappointment come across
nations to reinforce the corporate rules so as to building the trust in
money-related markets.

The study is further structured with the corporate
governance mechanism literature together with technological
Al addition,
econometrics models will be run based on theory discussed

innovation based on the technique. In

with methodology, results, and mediation interpretation.

2 Corporate governance mechanism

Corporate governance (CG) is defined as a system by which
companies are directed and controlled (O’Sullivan, 1999).
Agency theory suggests that the CG system is of the utmost
importance for effective monitoring and development of an
organization (Farber, 2005; Murthy, 2006). Thus, the CG
mechanism is similar to a monitoring system which helps in
improving the overall performance of the firm (Fama, 1980;
Murphy and Zimmerman, 1993; Gul and Leung, 2004; Ali Shah
et al, 2009). Therefore, it is widely accepted that an effective
compliance of CG also increases a manager’s ability to constrain
EM practices and maximize shareholders wealth (Peasnell et al.,
2005; Ali Shah et al., 2009; Jaggi et al., 2009; Lo et al., 2010). CG
broadly refers to the mechanisms, processes, and relations by
which corporations are controlled and directed (Gul et al., 2003).
A CG mechanism is the combination of internal directors of the
board, internal audit committee, structure of ownership, and the
external auditor (Hillman and Keim, 2001). A CG mechanism is
the process of directing and monitoring the overall FFP and
reducing the EM (Farber, 2005). Moreover, CG practices increase
a manager’s ability to work for the maximization of shareholder
wealth (Peasnell et al., 2005; Jaggi et al., 2009; Lo et al., 2010).
Although the CG mechanism is differently defined by authors,
CG is a system that minimizes the earnings manipulation ability
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of managers (Lo et al, 2010). Following this, many firms
significantly improvised and executed the CG mechanism to
reduce the practices of EM to improve their firm’s financial

performance.

3 Technological innovation based on
artificial intelligence

We measure the technological innovation based on the
latest artificial intelligence (AI) techniques that is used in
Artificial
advances which allow machines to become “intelligent.” In

finance. intelligence relates to technological
1956, John McCarthy coined the word artificial intelligence.
The objective of artificial intelligence was to develop a system
that is intellectual and self-contained. Machine learning
comes under the heading of artificial intelligence which
allows a system to adapt and develop its own
understanding without having to program it explicitly. Al
works in two ways: one is data-driven, and the other is
symbolic. For the data-based side called ML, a large
amount of data is needed to be fed into the machine before
it is capable of learning. Machines are capable of learning in a
much wider range of dimensions. Reasoning, information
NLP, scheduling,
the of

controlling them are all domains of the AI study. One of

representation, deep learning,

interpretation, and ability transferring and
AT’s aims was to achieve general intelligence. ANN can be used
for forecasting because of their ability of pattern recognition
and machine learning (Zaidi and Ofori-Abebrese, 2016). The
procedures which are needed to achieve the objective
comprise traditional symbolic Al, artificial intelligence, and
statistical methods. AI is rapidly developing in a variety of
fields and has an excess of features. The technology has the
prospective to be used in a variety of industries and sectors.
Artificial intelligence is applied in finance to recognize and
track financial and banking activities. All of these processes
are conducted through machine learning. Machine learning
systems are categorized based on how much and what kind of
supervision they receive during training. Machine learning is

broadly divided into the following three categories.

3.1 Supervised

Based on the training dataset, supervised learning develops a
function that translates inputs to outputs. The purpose of
supervised learning was to predict a known outcome. To train
a model, a dataset with features and labels is used. The technique
generates a function that maps features to labels and then utilizes
it to forecast the labels of unlabeled data. The accuracy of
supervised learning models in forecasting outcome across one
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or more sets of data not included in the growth process is
typically measured.

3.2 Un-supervised

In unsupervised learning, the training data are unlabeled. The
system tries to realize this without the assistance of a teacher.
Unsupervised learning uncovers hidden patterns in unlabeled
data and makes conclusions from it. It is not anticipation of a
precise outcome. Instead, the program looks for patterns or groups
of data to identify. This is a difficult task to review, and the value of
groups learned through unsupervised learning is frequently assessed
by performance in a successive supervised learning assignment,
which determines if these groupings are beneficial.

3.3 Reinforcement technique

The reinforcement technique is relatively a new type of
learning that combines supervised and unsupervised learning.
It is a completely distinct beast. The algorithm in it maximizes
accuracy through trial and error. The model is shaped through
feedback from the training set’s outcomes of real and simulated
decisions. In this context, the learning system is referred to as an
agent since it can check the environment, select, and carry out
actions, and receive rewards or penalties. It must, then, figure out
for itself what the ideal technique, known as a policy, is for
maximizing reward over time. In each case, a policy specifies
what action the agent should take.

4 Economic/financial development

We measure the economic development based on the financial
performance of the firm that will collectively contribute to the GDP
as an economic growth. So, in this regard, economic development of
a firm is defined as “how well a firm generates the maximum
revenue by using the available resources to satisfy the stockholders
and investors.” Economic/financial development is the output of a
successful business operation in the shape of a higher return on
assets or return on equity. In simple words, economic/financial
development increases the earning, dividends, and overall price of
the share (Stout, 2013). According to shareholder primacy theory,
every owner of a firm wants to increase the share price which, in
turn, positively affects the shareholder value and overall firm
performance (Hillman and Keim, 2001). The core objective of
the management of any firm is to increase the economic/
financial development, which will increase the goodwill of the
firm in the market (Shen and Chih, 2007). Moreover, economic/
financial development is seen as a major concern by investors,
shareholders, and stakeholders (Pfeffer, 1973; Lang and Stulz, 1993).
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International strategy research and behavioral finance theories state
that economic/financial development is one of the most important
characteristics of the firm in that it creates a helpful scale for deciding
upon an investment in a firm (Tong et al,, 2008). Hence, investors
and creditors observe economic/financial development on regular
basis before making the investment or lending credit to the
concerned firm (Ittner and Larcker, 2001; Lin and Chen, 2005;
Bird and Casavecchia, 2007; Kantudu and Samaila, 2015; Shittu
et al,, 2016).

5 Theories of the study
5.1 Agency theory

Agency theory strength is subject to the existence of CG
mechanisms by which firm owners are able to monitor the
performance of managers (Fama, 1980). Therefore, strict
monitoring of managers is undertaken by the firms boards
(principals or their representatives), for constraining the
managerial opportunistic behavior and reducing the agency
1980; McKnight and Weir, 2009). The
aforementioned argument is strongly supported by the
Malaysian Codes of Corporate Governance (MCCG, 2017),
that the role of CG is continuous monitoring of managers and

costs (Fama,

thus protecting the shareholders. Therefore, researchers who
examine the association between EM and CG relied upon
agency theory (Watts & Zimmerman, 1986; Dellaportas et al.,
2012; Gonzalez and Garcia-Meca, 2014). Hence, the relationship
CG,
development is developed based on the agency theory concept.

between technological innovation, and economic

5.2 Stakeholder theory

Mary Parker Follett brought the idea of stakeholder theory
about 60 years ago (Schilling, 2000). The origins of stakeholder
theory draw on four key academic fields, that is , sociology,
economics, politics, and ethics (Freeman, 2004). The modern
utilization of stakeholder theory developed back in 1963, when
Stanford Research Institute generalized and expanded the notion
of the shareholders (Benneworth and Jongbloed, 2010). A
stakeholder is defined as any group or individual who can
influence or is influenced by the achievement of the
organization’s objectives (Freeman, 2004). Thus, stakeholders
are persons or groups with legitimate interests in procedural
aspects of corporate activity (Friedman and Miles, 2002).

6 Question/objective

The main question/objective of this study was to examine the

mediating impact of technological innovation (artificial
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intelligence) on the relationship between the corporate
governance mechanism (BODSIZE, INDEPBOD, BODMEET,
AUDTCOMMSZE, AUDTCOMMEET, MANGEROWNR, and
FORGNOWNR)
Malaysian public listed companies.”

and economic/financial development in

7 Conceptual framework

The following conceptual framework is developed based
on the aforementioned discussion to examine the relationship

between the CG mechanism (BODSIZE, INDEPBOD,
BODMEET, AUDTCOMMSZE, AUDTCOMMEET,
MANGEROWNR, and FORGNOWNR) and economic/

financial development with a mediation of technological
innovation (artificial intelligence) in Malaysian public listed
companies. The mediation links between the CG mechanism
and economic/financial

technological innovation

development.

8 Model specification and tests

Previously, the study developed and discussed the theories of this
study; however, the next section discusses the econometric models
with their respective conceptual models for testing the hypotheses
developed for the current study. To investigate the effects of specific
CG attributes on techno innovation and economic development with
a mediating impact of techno innovation on the relationship between
CG attributes and economic development, the study was separated
into four models. Thus, the study develops four models for testing the
22 hypotheses. This research utilizes the following four models to test
the research hypotheses.

8.1 Regression model 1 (A to B)

In model A to B as shown in the Figure 1, this study regressed
Technolnnovat (AI) on specific CG attributes selected from
MCCG-2017. Seven of 19 hypotheses were developed for
model A to B. The econometric equation model with its
respective conceptual model of A to B is given as below:

Technolnnovat (AI) = B, + 3,BODSZE; + ,INDEPBOD;
+ B,BODMEETG;, + 8, AUDTSZE,
+ B, AUDTCOMMETG;
+ B,MANOWN,,
+ B, FOROWN;; B,LOGTASST;
+ B,SHAREMKTPRICE;
+ B, ,MKTTOBV, + f,,LEVERAGE;
+ B,IFRS; + &
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Independ ent Variables

BOD Size

Firms’ Size
Share Market Price
Market to Book Value

10.3389/fenvs.2022.999096

Controlled
Varibles

Fims’ Leverage

IFRS

Ind epend ent BOD

BOD Meetings

Dependent
Variable

Comorate

Technological
Governance

Audit Committee Size

Audit Committee Meetings

Managerial Ownership

Foreign Ownership

FIGURE 1
Conceptual model of A to B

8.2 Regression model 2 (B to C)

In model B to C, as shown in the Figure 2 economic/financial
development was regressed on technological innovation. Economic/
financial development was measured by ROA, ROE, and EPS, while
technological innovation was measured by dummy variables based
on Malaysia country data. However, only one hypothesis was
developed for model B to C. Following is the econometric
equation model with its respective conceptual model of model B
to C:

Eeonod
__“COMO__ g 4 B1Technolnnovatnit + B,LOGTASST,
FinancialDevp

+ B,SHAREMKTPRICE, + §,MKTTOBV,
+ ﬁSLEVERAGEn + ﬁﬁlFRS“ + &

8.3 Regression model 3 (A to C)

In Model A to C as shown in the Figure 3, this study replaces
technological innovation with economic/financial development
and then regressed it on specific CG attributes selected from
MCCG-2017. Moreover, seven hypotheses were developed for
model A to C as well. The econometric presentation of model
four with its respective conceptual model is given as follows:
economic/financial development was measured by ROA, ROE,

Frontiers in Environmental Science

Innovation (Al)

Varibles

and EPS, while technological innovation was measured by dummy
variables based on Malaysia country data.

Econoic
— X = 3, + 3,BODSZ;, + 3,INDBOD;
FinancialDevp Pot B, A '

+ B,BODMTG;, + B,ACSZ; + B;ACMTG;
+ B, MANOWN;, + §,FOROWN;,

+ B,LOGTASST; + f,SHAREMKTPRICE;
+ B,,MKTTOBV,, + 3, LEVERAGE;

+ B, IFRS; + €.

Following the aforementioned econometric models, from
models 1 to 4, this study used the generalized least square

Controlled
Variables

Firms’ Size
Share Market Price
Market to Book Value
Firms’ Leverage
IFRS

Independent
Variables

Dependent
Variables

Economic/
Financial
Development

Technological

A4

Innovation (Al)

FIGURE 2
Conceptual model of B to C.
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Independ ent Variables

BOD Size

Firms’ Size
Share Market Price
Market to Book Value
Fims’ Leverage

IFRS

Ind epend ent BOD

BOD Meetings

Audit Committee Size

Audit Committee Meetings

AL

Managerial Ownership

Foreign Ownership

FIGURE 3
Conceptual model of A to C.

Independent Variables Fimms’ Size
Share Market Price
Market to Book Value Controlled
BOD Size Firms’ Leverage Variables

Independ ent BOD

BOD Meetings

10.3389/fenvs.2022.999096

Controlled
Variables

Dependent
Variable

Corporate
Governance
Varibles

Economic/Financial
Development

Dependent Variable

Comorate
Governance

Audit Committee Size

Audit Committee Meetings

Managerial Ownership

Foreign Ownership

Variables

Technological
Innovation (Al)

H9-H15

Economic/Financil
Development

Mediating Variable

H16-H22-

FIGURE 4
Conceptual models A to B and B to C and ABC
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(GLS) random effect regression estimator, which was selected
based on Hausman specification test in STATA 15.0.

8.4 Regression mediating model 4 (A to B,
B to C, and A to C and ABC)

The last and the fourth model (A to B, B to C, A to C, and
ABC) as shown in Figure 4 was the novel model of mediation
wherein FFP was taken a mediating variable in the relationship of
specific CG attributes and EM practices in Malaysian public
listed companies for the years 2010-14. Therefore, the empirical
models with the econometric equation of main variables of this
study tests are as follows.where

Economic/Financial Dep: economic/financial development

Technolnnovatn: technological innovation (AI)

Bo: constant

BODSZ: board of director’s size

INDBOD: board of director’s independence

BODMTG: board of directors’ meeting

ACSZ: audit committee size

ACMTG: audit committee meeting

MANOWN: managerial ownership

FOROWN: foreign ownership

LOGTASST: log total assets.

SHAREMKTPRICE: share market price

MKTTOBV: market to book value

LEVERAGE: leverage

IFRS: International Financial Reporting System

e: residual error

9 Methodology

This study used balanced panel data because it is a more
sensitive measurement of the changes that could take place
between points in time (Cavana et al., 2001).The sample size of
this study comprises 320 firms listed on Bursa Malaysia, during the
period 2017-2021. Financial institutions, insurance, and mining
firms are excluded, as is common in this type of studies because of
their particular accounting practices (Gonzilez and Garcia-Meca,
2014). We (artificial
intelligence) data a dummy and collected 1 as if the company

assumed technological innovation
use latest financial innovation, that is, AI while 0 for not using the
AL The financial data for economic development are secondary in
nature and obtained from the DataStream database, while data of
the CG mechanism (board of director size, audit committee
meetings, and external auditor) extracted directly from
company’s annual reports, which are available on firms’
websites or through the Bursa Malaysia website. The data will
be analyzed through descriptive statistics, correlation, multiple
regression, and mediation analysis for results interpretation. Data

run through the statistical package for social science (SPSS),
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TABLE 1 Descriptive statistics of the study.

Variable Obs Min Max Mean Std. Dev
ECODEVELOPEMENT 1600  -1.77  0.636  0.409 0.86
TECHINNOVAT (AI) 1600 0 1 0.6 0.49
BODSIZE 1600 3 14 7.23 1.72
AUDCOMTSIZE 1600 0.21 0.79 46.87 124
AUDTCOMMTMEET 1600 2 18 536 1.68
AUDTCOMSZE 1600 2 7 321 0.49
AUDTCOMMET 1600 2 14 483 0.99
MANGEOWN 1600 0 74 12.27 17.0
FORGNOWN 1600 0 86 553 15.0
LOGTASSET 1600 4.07 7.35 5.59 0.58
SHAEMKET 1600 0009 473 1.83 3.78
LEVERAGE 1600 0 2.83 045 0.14
IFRS 1600 0 1 0.6 0.49

Note: Economic development, ECODEVELOPEMENT proxy; technological
innovation, Al; BODSIZE, board of director size; INDEPBOD, independent board of
director; BODMEET, board of directors’ meeting; AUDTCOMSZE, audit committee
size; AUDTCOMMET, audit committee meeting; MANGEOWN, managerial
ownership; FORGNOWN, foreign ownership; LOGTASSET, log of total assets;
SHAEMKET, share market price; LEVERAGE, leverage; IFRS, International Financial
Reporting System.

Version 21 and STATA, Version 15. For making the result
more robust, constant, and stable, we run some initial steps for
cleaning and screening the data, which will imply that the samples
are more representative and the results are meaningful (Sekaran
and Bougie, 2003).

10 Results and discussion
10.1 Descriptive statistics

Table 1 shows the descriptive statistics for dependent,
mediating, independent, and control variables of the study in
Malaysian public listed companies for the 9 years from 2017 to
2021. The results in Table 1
ECODEVELOPEMENT
0.409 ranged from a minimum of -1.77 to a maximum of
0.636. Similarly, TECHINNOVAT (AI) was measured by
earnings multiples and taken as a mediating variable in the
study. The finding presented in Table 1 for TECHINNOVAT
(AI) shows a mean of 0.6, ranging from 0 to 1. Moreover, all the

for dependent variable

shows that the mean value of

descriptive results of other variables are also shown in the table.

10.2 Correlation analysis
This section presents the summary of Pearson’s correlations

between the mediating, dependent, independent, and control
variables. The purpose of checking correlation among variables

frontiersin.org
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TABLE 2 Pearson’s correlation matrix.

1 2 3 4 5
TECHINNOVAT 1
(A (1)
ECODEVELOPEMENT  :*:#x0.100 1
()
BODSIZE (3) #%0.026 #%-0.04 1
INDEPBOD (4) 0.0240 -0.033 #%0.089 1
BODMEET (5) #%0.0920 #%0.175  —0.003 #£-022 1
AUDCOMTSZE (6) #%0.1390 #%0.150  #0.123  0.041 #:0.223
AUDTCOMMET (7) —-0.0370 0.047 #£0.432  0.021 #:0.102
MANGEOWN (8) #£-0.073  *%-0.15  —0.040 0.022 #k—0.12
FORGNOWN (9) #:0.1820 #%-0.10 %-0.056 *-0.064 0.033
LOGTASSET (10) #:0.1810 #:0.548  0.041 #%-0.06  *%0.337
SHAEMKET (11) **.4830 **0.263  -0.013 -0.015 **0.157
MKTTOBV (12) #%0.1270 #%0.110  0.003 —-0.022 0.015
LEVERAGE (13) #%-0.0840  ##0.084  *%0.083  0.001 0.014
IFRS (14) #5%0.005 -0.001 0.037 #%0.104  —0.009

10.3389/fenvs.2022.999096

6 7 8 9 10 11 12 13 14
1

#%0.075 1

#k-0.16  —0.025 1

#20,096  #k-0.11 #x-0.15 1

#:0.203  ##0.121  *%-0.28 *x0.121 1

**0.234  -0.042 *-0.18  **0.244 **0.414 1

#%0.071  0.025 -0.035 #%0.100  #%0.092  0.022 1

0.049 0.037 -0.009 0.001 #0.051 -0.040 0.042 1

0.020 0.043 -0.016 0.021 #0.049 #0.060 0.010 0.044 1

Notes: # correlation is significant at the 0.01 level (2-tailed), # correlation is significant at the 0.05 level (2-tailed).

was to investigate the correlations of study variables as well as to
know about any multicollinearity issue among the independent
variables. A multicollinearity problem exists in the data if the
Pearson’s correlation coefficient is greater than 0.80 (Hooper et al.,
2008). Due to the continuous nature of the variables, this study
provided only Pearson’s correlation. Table 2 presents the Pearson’s
correlations matrix for the model of this study, which clearly
demonstrates no multicollinearity issue is present among the
independent variables as none of the coefficients are greater
than 0.80 (Hooper et al., 2008). Table 2 shows the statistics for
Pearson’s correlation matrix of the sampled firms for the
dependent, independent, and control variables. The correlation
statistics reported for model 1 (A to B) in Table 2 show that
ECODEVELOPEMENT had a significant positive correlation with
the board of director size (BODSIZE). These findings are
consistent with previous studies such as Salihi (2015), Germain
etal. (2014), and Cheng and Warfield (2005), who stated that there
is a positive impact of board size on ECODEVELOPEMENT.
However, the proportion of independent board of director
(INDEPBOD) showed an insignificant and positive correlation
with ECODEVELOPEMENT.

10.3 Multivariate analysis of models 1, 2,
and 3 with a mediation analysis is given as
follows

10.3.1 Results and discussion of the first (1)
model, that is, (A to B)

The results of random effect (GLS) regression for the first
model of the study are summarized in Table 3. The regression

Frontiers in Environmental Science

08

estimator for model 1 examined the impact of CG attributes
(BODSIZE, INDEPBOD, BODMEET, AUDTCOMMSZE,
AUDTCOMMEET, MANGEROWNR, and FORGNOWNR)
on TECHINNOVAT (AI). In addition, Table 3, also explains
the impact of control variables (LOGTASSETS,
SHAREMKETPRC, MKTTOBV, LEVERGE, and IFRS) on
the relationship of CG attributes and TECHINNOVAT (AI).
According the study of Baltagi and Kao (2001), a goodness-of-
fit test should be conducted to examine the robustness of the
model and data. Therefore, for confirming the goodness-of-fit
of the model, this study used Wald Chi2 (1) and Prob >
Chi2 test. The statistics of Wald Chi2 (1) = 67.48, with
Prob > Chi2 = 0.000 are shown in Table 3. The significance
of the result (Prob > Chi2 = 0.000) confirms the goodness-of-fit
for the first model of the study. Similarly, for making the model
this
Durbin-Watson statistic for autocorrelation. The results of

more robust and error free, study also used
Durbin-Watson statistics test = 2.07 shows no issues of
autocorrelation as the threshold value of Durbin-Watson
statistics is either equal to two (2) or near to two (2)
(Johnson and Wichern, 2014). Moreover, the statistics of
Durbin (score) Chi2 (1) and Wu-Hausman F (1589) in
Table 3, also show no endogeneity issue in the first model of
the study by revealing the results as Durbin (score) Chi2 (1) =
1.23 with p = 0.110, and the results for Wu-Hausman F
(1589) = 1.54 with p = 0.134. The rule of thumb for the
aforementioned tests is, if the probability value is greater
than 0.05, no endogeneity is present in the model. Therefore,
in this case; the p-value is greater than 0.05 and indicates no
issue of endogeneity in the model. Similarly, R-square (49.22) in

Table 3 suggests the amount of change in a dependent variable

frontiersin.org


https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.999096

Khan et al.

TABLE 3 Random effect (GLS) model 1 (A to B).

TECHINNOVAT (AI)

BODSIZE
INDEPBOD
BODMEET
AUDTCOMMSZE
AUDTCOMMEET
MANGEOWNR
FORGNOWNR
LOGTASSETS
SHAREMKETPRC
MKTTOBV
LEVERGE

IFRS

Cons

GLS

Observations (320%5)
R-Square

Years

Industry

Wald Chi(2)

Prob > Chi2
DW-statistics
Durbin (score) Chi2(1)
Wu-Hausman F(1589)

Significant at 10%, *= significant at 5%, and = significant at 1%.

Coef.

0.015918
0.006267
-0.020221
0.077853
0.053702
0.066329
0.144147
0.037894
0.734122
0.197979
—-0.000439
-0.111207
0.0227741

Std. Err.

0.0238615
0.0034157
0.0260399
0.0541406
0.0611343
0.0654212
0.0704879
0.0745221
0.0657167
0.0499443
0.0001797
0.0820342
0.3119759

1.23
1.54

p

0.0505
0.067
0.437
0.015
0.380
0.081
0.041
0.411
0.000
0.000
0.014
0.175
0.942
Random effect
1600
49.22
Dummy
Dummy
67.48
0.000
2.070
0.110
0.134

(FFP) caused by independent variables, CG attributes in

Malaysian public listed companies for the years 2017-2021.

Technolnnovat (AI) = 8, + 3,BODSZE;
+ 3,INDEPBOD;,BODMEETG;
+ B,AUDTSZE;

+ B, AUDTCOMMETG;,

+ BsMANOWN;, + 3, FOROWN;,
+ B,LOGTASST;

+ B,SHAREMKTPRICE;

+ B,,MKTTOBV, + f, LEVERAGE;

+ B,IFRS; + €.

10.3.2 Results and discussion of the second (2)
model, that is, (B to C model)

Regression results based on the random effect (GLS) technique

for the second model of the study sample are summarized in Table 4.
The model examined the impact of TECHINNOVAT (AI) on
ECODEVELOPEMENT. In addition to the regression findings of
model two for dependent, independent, and control variables,
Table 4 also reports the results of Wald Chi2(1) for goodness-of-
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TABLE 4 Random effect (GLS) model 2 (B to C).

ECODEVELOPEMENT  Coef. Std. Err. P
TECHINNOVAT (AI) —-0.006112 0.0131101 0.064
LOGTASSETS 0.650011 0.0365648 0.000
SHAREMKETPRC -0.075010  0.03422 0.028
MKTTOBV -0.040390  0.0251046 0.010
LEVERGE 0.000269 0.0000931 0.004
IFRS -0.152105 0.0418539 0.000
Cons 0.0766206 0.0325573 0.019
GLS Random effect
Observations (320%5) 1600
R-Square 33.08
Years Dummy
Industry Dummy
Wald Chi(2) 56.48
Prob > Chi2 0.000
DW-statistics 1.95
Durbin (score) & Chi2(1) 1.490 0.157
Wu-Hausman F(1590) 1.210 0.247
«Significant at 10%, #* significant at 5%, and ## significant at 1%.

TABLE 5 Random effect (GLS) model 3 (A to C).
ECODEVELOPEMENT  Coef. Std. Err. p
BODSIZE —-0.0084774 0.012305 0.0491
INDEPBOD -0.0004046  0.0017614 0.0818
BODMEET 0.033297 0.0134284 0.130
AUDTCOMMSZE -0.086368 0.0279195 0.002
AUDTCOMMEET -0.1022286  0.031526 0.001
MANGEOWNR 0.0668606 0.0337367 0.047
FORGNOWNR -0.0512255  0.0363495 0.0159
LOGTASSETS 0.5985634 0.0384299 0.000
SHAREMKETPRC —0.0674793 0.0338891 0.046
MKTTOBV —-0.034536 0.0257555 0.18
LEVERGE 0.0002477 0.0000927 0.008
IFRS -0.1373727  0.0423038 0.001
Cons -0.0084774  0.012305 0.0491
GLS Random effect
Observations (320*5) 1600
R-square 34.24
Years Dummy
Industry Dummy
Wald Chi(2) 50.26
Prob > Chi2 0.000
DW-statistics 1.90
Durbin (score) Chi2(1) 1.32 0.129
Wu-Hausman F(1595) 1.75 0.145

=Significant at 10%, * significant at 5%, and == significant at 1%.
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TABLE 6 CG, FFP, and EM.

Independent
variable

BODSIZE
INDEPBOD
BODMEET
AUDTCOMMEET
AUDTCOMMSZE
MANGEOWNR

FORGNOWNR

Mediating
variable

TECHINNOVAT (AI)

Dependent
variable

ECODEVELOPEMENT

Note: Four step mediation process of Baron and Kenny (1986).

Step 1 A-B (a)

Step 2 B-C (b)

Step 3 A-C (¢)

Step 4 path (¢’) A-B-C

Type
of mediation

Beta

0.0133
0.3025
0.0019
0.2878
**0.0469
0.002
-0.0308
0.1533
*0.2456
0.000
*#0.0037
0.0035
*#0.105
0.000

R2

0.0070

0.0007

0.0086

0.0013

0.0195

0.0025

0.0332

Beta

**0.0907
0.000
*#0.0879
0.0001
**0.0727
0.000
*40.0912
0.000
***0.0708
0.0015
*#0.0792
0.003
*#0.0744
0.0010

R2

0.0131

0.01014

0.0374

0.0128

0.0324

0.0332

0.0178

Beta

*0.0252
0.0277
-0.0017
0.2675
***0.0756
0.001
**0.0406
0.0345
*40.2373
0.000
*#0.0070
0.000
*0.0047
0.000

R2

0.0131

0.01014

0.0374

0.0128

0.0324

0.0332

0.00178

Beta

*440.0240
0.0369
-0.0016
0.3171
*40.0791
0.000
**0.0378
0.0500
**0.2547
0.000
*#0.0073
0.000
*0.0054
0.0000

R2

0.0027

0.0006

0.0308

0.0024

0.0262

0.0254

0.0111

Partial mediation

No mediation

Full mediation

Partial mediation

Full mediation

Full mediation

Full mediation

e 32 ueyy

960666'2202'SAUS}/682¢°0T


https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.999096

Khan et al.

fit, Prob > Chi2 for confirming the goodness-of-fitness of the model,
Durbin-Watson statistics for autocorrelation, Breusch-Pagan/
Cook-Weisberg test of Chi2(1) for heteroscedasticity, while both
the Durban (score) test and Wu-Hausman F(1589) test for
confirming the endogeneity (Gujarati, 2009; Greene, 2012
Wooldridge, 2013; Babones, 2016). Following the previous
discussion, the statistics of Wald Chi2 (1) = 56.48, with Prob >
Chi2 = 0.000 for model 2 are shown in Table 4. The significance of
the result (Prob > Chi2 = 0.000)confirms the goodness-of-fit for the
second model of the study. Similarly, the issue of autocorrelation was
identified through the Durbin-Watson test. The results of
Durbin-Watson test were 195, showing that no issues of
autocorrelation are present, as the result lies under the threshold
value of Durbin-Watson, which is 2.
% Devp = 3, + f1Technolnnovatn it + 5,LOGTASST;
+ B,SHAREMKTPRICE, + 8, MKTTOBV,,
+ B.LEVERAGE, + B,IFRS; + .

10.3.3 Results and discussion of model 3 (A to C
models)

The regression results based on the random effect (GLS)
technique for the third model of the study are summarized
in Table 5. The findings examined the impact of specific CG
attributes (BOD size, independent BOD, BOD meeting,
audit audit
managerial ownership, and foreign ownership) on
ECODEVELOPEMENT. Moreover, Table 5 also explains the
impact of control variables (firm size, share market price, market
to book value, and leverage) on ECODEVELOPEMENT. It is
worth noting that before running the regression estimator, some
specific tests such as(Wald Chi2, DW-statistics, Breusch-Pagan/
Cook-Weisberg test, Durban (score) test, and Wu-Hausman)

committee  size, committee meetings,

should be run to examine the reliability of the model 3 (Gujarati,
2009; Greene, 2012; Wooldridge, 2013; Babones, 2016).
Following the aforementioned discussion, Table 5 reports the
findings of Wald Chi2 (1) for goodness-of-fit, Prob > Chi2 for
confirming the goodness-of-fit of the model, DW-statistics for
autocorrelation, the Breusch-Pagan/Cook-Weisberg test of Chi2
(1) for heteroscedasticity, and both the Durban (score) test and
Wu-Hausman F (1589) test for confirming the endogeneity in
the third model of the study.
% Devp = B, + B,BODSZ; + B,INDBOD;, ,BODMTG;
+ B,ACSZ; + B, ACMTG; + B, MANOWN;,

+ B,FOROWN,, + B,LOGTASST;
+ B,SHAREMKTPRICE,, + 8,,MKTTOBV
+ B,,LEVERAGE;, + 8,]FRS; +&.
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10.3.4 Results and discussion of model 4 (the
mediation of FFP in the relationship between CG
attributes and EM)

Table 6 shows the mediational models that are concerned
with explaining the mechanism by which an independent
variable exerts its impact on a dependent variable through
a mediating variable. Mediation is said to occur when the
causal effect of an independent variable (x) on a dependent
variable (y) is transmitted by a mediator (M). This section
empirically investigates model 4 of this study concerning the
mediating impact of TECHINNOVAT (AI) the
relationship between specific CG attributes (BODSIZE,
INDEPBOD, BODMEET, AUDTCOMMSZE,
AUDTCOMMEET, MANGEROWNR, and FORGNOWNR)
and ECODEVELOPEMENT.

on

11 Conclusion and recommendations

This study is the evidence that the effective use of the
corporate governance mechanism has a differential effect on
the economic development with a perfect blend of
technological innovation, which clarifies the important
contribution of corporate governance attributes toward the
maximization of firm wealth and improvement of the overall
performance of the firm that contributes to the GDP. This
research provides key insights for market participants
including investors, analysts, accounting, and auditing
professionals. These insights relate to the role of the
corporate  governance mechanism in relation to
technological innovation and economic development. The
result also improves general awareness of the extent of
innovation and

technological corporate

effectiveness in improving the economic development of

governance

the country. Similarly, the empirical result will contribute
of

economic

to help in recommendation and improvement

technological innovation and its adoption,
development for the development of the Malaysian code of
corporate governance (MCCG-2017). Moreover, the results of
this study will help the board of directors, policy makers,
government, Security Commission of Malaysia, and Bursa
Malaysia for further improvements of the relevant policies
and regulations in future. This study also provides theoretical
contributions to prove the essence of agency theory in
Malaysia, that firms should play its role in management
through corporate governance practices. The empirical
results also contributed to the latest knowledge of the
study and extended the literature on the corporate
governance mechanism and its impact on the shareholder
value. Overall, although not all corporate governance

variables support the stated hypotheses; but this study has
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achieved its objective by identifying the attributes that answer
the research question. Because the sample companies
reviewed in this study suggest that earning management in
Malaysian listed companies averagely increased even after the
introduction of MCCG-2017. This study investigated that
how a good corporate governance structure can influence
earning management practices in the firm. After this
empirical study, it is clear that reform in MCCG-2017 is
important and new effective corporate governance
compliance practices should be developed in order to
minimize the practices of earning management. Apart from
several contributions, this study has some limitations. First, as
discussed earlier, the scope of the study is limited by its
population, which included only non-financial companies
listed on Bursa Malaysia under the main market rather
than the ACE market. For this reason, the sample should
be expanded to ACE market companies and the results should
be compared with the main market companies in Bursa
with  different

populations, and use of moderation analysis are also

Malaysia. Moreover, years, samples,

suggested for future researchers.
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