
Contents lists available at ScienceDirect

Technological Forecasting & Social Change

journal homepage: www.elsevier.com/locate/techfore

The digital transformation of external audit and its impact on corporate
governance

Riadh Manitaa, Najoua Elommalb, Patricia Baudierc, Lubica Hikkerovad,⁎

aNEOMA Business School, 1, Rue du Maréchal Juin, 76130 Mont-Saint-Aignan, France
b Ecole de Management Léonard de Vinci, 12, Avenue Léonard de Vinci 92916 Paris-la Défense cedex, France
c EM Normandie, 64, rue Ranelagh, 75016 Paris, France
d IPAG Business School, 184, Boulevard Saint-Germain, 75006 Paris, France

A R T I C L E I N F O

Keywords:
Audit
Digitalization
Big Data
Artificial Intelligence
Audit process

A B S T R A C T

The literature demonstrates the growing interest of digitalization in organizations. The purpose of this paper is to
study the influence of digitalization on audit’s business and to understand how it can improve the role of audit as
a governance mechanism. A qualitative approach was conducted by interviewing auditors from the five largest
auditing firms in France. This paper demonstrates that digital technology is impacting at five key levels audit
firms especially the audit role as a governance mechanism. Digitalization will improve the audit relevance (1)
allowing audit firms to extend their offers by proposing new services (2). It will also improve the audit quality
mainly by analysing all data’s customer (3). Finally, with the digitalization a new auditor profile emerges (4),
enabling the culture of innovation within audit firms (5). Thus, the firm governance will be improved but the
managers ‘discretionary power will be limited. This research highlights the importance of implementing digital
strategies to provide regulators with the necessary modifications that need to occur for audit standards. It should
enable Business School and universities to adapt their training programs according to the audit firms’ ex-
pectations.

1. Introduction

The literature on governance generally perceives the audit as a
governance mechanism to avoid potential conflicts between share-
holders and managers and to ensure the disclosure of reliable ac-
counting information (Carcello et al., 2011). However, the quality of
the audit must be ensured. Indeed, the financial scandals of the be-
ginning of this decade such as Enron or Tyco (Yang et al., 2017), dis-
seminated the doubt regarding the audit’ relevance and quality. Despite
the new law on economic regulation (Sarbanes-Oxley act of 2002 in
USA) which strengthened auditors' controls, particularly through the
PCAOB1 and the audit committees, audit quality remains the main
concern of the stakeholders (Beisland et al., 2015; Hope et al., 2008;
Francis and Wang, 2008). As a result, the audit must evolve for three
basic reasons. First, because it is intended mainly by shareholders, that
consider the audit as a service providing them with reasonable in-
surance. In fact, past results should reflect a faithful image of the firm
and comply with regulatory requirements. Second, because the audit

report prepared several months later the end of the fiscal year, is based
on historical data. It does not bring any forward-looking elements. Fi-
nally, because the audit report is standardized, thus it does not meet the
specific needs of its actual or potential users, to help future decision
making. So, managers perceive audit as a cost and not necessary as an
added value because reports most of the time don't provide them with
recommendations for identified issues on historical data. Digitalization
has significantly impacted the labor market (Dengler and
Matthes, 2018) and changed the way of doing business in all areas of
activity including audit firms. A consensus regarding its impact on or-
ganization and on employees’ activities can be identified
(Dumitru, 2016). According to Meier (2017) “Today, a fourth generation
of even more innovative tools is shaking up our habits”. In order to stay
competitive and stand out from other companies, audit firms must
evolve their business model (Sahut et al., 2013) and service offer by
acquiring innovative technology to propose digital solutions (Van Den
Broek and Van Veenstra, 2018). Therefore, digitalization should change
the way auditors will handle audit activities by providing additional
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insights to answer customer's needs.
According to Nambisan et al. (2017), digital management is based

on the implementation, for example, of processes, tools, usages…
managed all together. The advent of big data and social media changes
the way companies can access to information with the availability of
new Key Performance Indicators (Arnaboldi et al., 2017) to improve
firm competitiveness (Van Den Broek and Van Veenstra, 2018).
Therefore, audit activities are at a crossroad; firms must modify their
approach as digitalization change the way audits are performed. Thus,
they must integrate digital technologies in their future strategies. Based
on Alain Pons,2 president of Deloitte France “It is time to move from a
pricing debate to a higher added-value service. By providing insurance on
security, auditing is different from account additions”. Digitalization
highlights the ever-changing needs of audit functions to provide a
deeper and robust analysis to their clients. Nevertheless, the audit ac-
tivity is a regulated and standardized service, and digitization must
consider these constraints.

Several researchers have tried to understand the effects of new di-
gital technologies (Essentially Big Data and Artificial Intelligence) on
companies in terms of data analysis (Warren et al., 2015) and external
reporting (Al-Htaybat and Von Alberti Alhtaybat, 2017). However, re-
search on audit firms is still limited (Issa et al., 2016). Some have
studied the impact of digital on audit firms ‘performance or risk ana-
lysis (Krahel and Titera, 2015; Cao et al., 2015). Others have examined
the impact of these technologies on the quality of the auditor's judg-
ments (Brown-Liburd et al., 2015). Vasarhelyi et al. (2015) have
identified for example that the adoption of digitalization and analytics
is increasing for the internal audit environment when audit firms (ex-
ternal audit) have not moved at the same pace. Gepp et al. (2018) argue
that big data analysis is not yet widespread and that more studies need
to identify the opportunity of using such technology. As highlighted by
Appelbaum et al. (2018) there are a few researches analysing the in-
fluence of digital on the transformation of audit firms and audit process.
In this context, the aim of this paper is to study the impact of digita-
lization within audit firms. How it can improve the role of audit as a
governance mechanism and limit the discretionary power of managers?

This research focuses only on big data technologies and the digiti-
zation of the internal processes of audit firms (including the audit
process). Indeed, these technologies are currently the most used by
audit firms in their digital transformation. Also, other technologies like
blockchain can have a different impact on the audit business. This re-
search has a double interest. On the theoretical side, it can enrich the
literature on governance and audit quality by explaining how external
audit must evolve digitalization and the development/integration of
new digital tools (big data, analytics, artificial intelligence, etc.) and
how this evolution will allow the audit to perform as a mechanism of
governance. On the managerial level, this research should help audit
professionals to better understand digital transformation strategies and
the evolution of audit practices. It could also help the regulators to
identify the necessary modifications of audit standards. In addition, it
should enable Business School and universities to evolve their training
programs according to the new needs of audit firms. Indeed, in this
evolving environment, auditors need to complete their professional
knowledge and auditing practices by developing other ways of
thinking, analysing information or acquiring some IT skills.

The article is structured as follows. First, we present the theoretical
framework and the methodology of our research. Then, we present and
discuss the main results induced while emphasizing its main contribu-
tions and limitations.

2. Theoretical framework and literature review

The audit demand, as a governance mechanism, can be explained by
the agency theory, but also by the stakeholders’ theory. With the digi-
tization of audit firms, audit is evolving into a new role incorporating
new areas of insurance. This digitization should also improve the
quality of the audit.

2.1. The agency and stakeholder's theories and audit

Several theories can explain the demand for audit services in rela-
tion to corporate governance. Agency and stakeholder's theories remain
the most widely used theories in the literature in this area (Brennan and
Solomon, 2008) explaining the need for audit services. Indeed, external
audit can reduce the risk of earning management by managers and
consequently improve the quality of the accounting information com-
municated to the stakeholders.

Theoretically, audit is seen as a solution to the agency problem
between managers within companies and their shareholders (Beisland
et al., 2015; Hope et al., 2008). Managers are responsible for the pro-
duction and disclosure of accounting information and should be aware
of everything that goes on in business. Shareholders are however far
from the company and only have access to the information commu-
nicated by the managers. As the shareholders do not necessarily have a
blind trust in the managers ‘practices, an agency conflict can arise from
this information asymmetry between these two parts. Indeed, managers
are in a privileged position that gives them a certain power and a desire,
sometimes, to satisfy their own interests neglecting the shareholder
interests. In this context, the principals (stakeholders) control the ac-
tivities of the agent (managers) to limit agency's cost (Jensen and
Meckling, 1976). External audit reduces the risk of publication of false
information to shareholders and allows them to take accurate decisions
based on reliable information (Watts and Zimmerman, 1986). Thus, the
main role of audit is to increase the credibility of the published ac-
counting information. The auditors, mandated by the shareholders,
control the financial statements, the managers ‘compensation and all
the contracts concluded by managers. By providing an independent
opinion to the shareholders on the reliability of the accounting in-
formation produced by the managers, the audit can promote a better
governance of the company by reducing the information asymmetry
between these two parties as well as the discretionary powers of the
managers (Jensen and Meckling, 1976; DeFond and Zhang, 2014;
Beisland et al., 2015).

Nevertheless, by considering only the shareholder-manager re-
lationship, the agency theory limits the role of managers to the sa-
tisfaction of the shareholders. However, managers must satisfy several
stakeholders such as suppliers, customers, employees, banks, citizens,
etc. In this context, the stakeholder's theory proposed by
Freeman (1984) extends the field of agency theory by considering all
stakeholders. According to this theory, the company is no longer per-
ceived as a closed world where only shareholders are considered, but as
an organisation that builds relationships with all stakeholders within its
environment. Freeman (1984), defines stakeholders as “any group or
individual who can affect or is affected by the achievement of the or-
ganization's objectives” (p. 46). All stakeholders use accounting in-
formation to take their own decisions. In this case, the role of the au-
ditor is not limited to reassure shareholders about the reliability and
fairness of the accounting information disclosed by the managers, but
also to extend it to all stakeholders. Therefore, the auditor is no longer
the agent of the sole managers, but also the agent of all stakeholders
paid by the audited entity and not by the shareholders. Audit must
evolve from a mission focused mainly on shareholders’ needs to an
audit centred on meet other stakeholders's expectations.

2 https://www2.deloitte.com/lu/en/pages/audit/solutions/deloitte-audit-
services.html.
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2.2. Digitalization of audit firms: towards a new audit role

Traditionally, auditing has three roles as a governance mechanism:
monitoring, information and insurance roles (Wallace, 2004). (1) The
monitoring role consists of reduce agency costs by controlling the
quality of the accounting information produced by managers (agents)
and by limiting their discretionary powers. (2) Through the information
role, the auditor should verify the reliability and fairness of the ac-
counting information that is the basis for any decision making by
shareholders and other stakeholders. (3) Finally, the role of insurance
does not address the problem of information asymmetry between
shareholders and managers, but risks that can be transferred by man-
agers to other entities to hide the financial situation of the company. In
this case, the role of the auditor is to reassure investors that these risks
do not exist. To reach their goals, audit firms can use new digital
technologies to automate data processing and limit human interven-
tion. Information systems (including accounting system) will be in-
creasingly integrated, locked and secured. This will reduce the pro-
blems of information asymmetry between managers and stakeholders
and risk transfers. Thus, the audit demand, related to these three tra-
ditional roles, will no longer have the same magnitude and would be
impacted by technological developments. Several authors state that a
new audit role, with regards to the role of assurance, is emerging
(Wallace, 2004; Jeacle, 2014, 2017; Andon et al., 2014). According to
these authors, the audit can extend to other areas of assurance in var-
ious domains where investors and other stakeholders need to be re-
assured, such as, performance measures, reliability of information sys-
tems, e-commerce, cyber security, social and environmental
responsibilities, etc. However, some authors consider that the extension
of the audit to other fields depends on the legitimacy that audit firms
can have to ensure audits in these new areas. This will depend on the
profession's ability to evolve audit practices and programs
(Andon et al., 2014) and on its ability to master new technologies, to
evolve their audit offer and build their legitimacy in these new areas.

2.3. Audit firm digitalization and the improvement of audit quality

The financial scandals appeared in the early 2000s (Enron,
WorldCom, Parmalat…) testifies to manipulations done by several
managers and showed the limits of this governance mechanism. An
improvement of audit quality is therefore necessary to enable the audit
to play its full role as a governance mechanism (John and
Jahera, 1988). DeAngelo (1981) defines the quality of the audit as the
probability for an auditor to detect discrepancies in the financial
statements and disclose them to the parties concerned. An upper audit
quality improves the quality of financial information and promotes a
better control by managers and better decision-making by investors.
Several previous studies have demonstrated the increased demand for
quality audit to reduce information asymmetry as well as earning
management. For example, Francis et al. (1999) demonstrated that
earning management is negatively related to the audit quality. In ad-
dition, other studies find that investors, especially international ones,
require superior audit quality and enhanced governance to invest in
companies (Ashbaugh and Warfield, 2003; Leuz and al., 2009). Other
studies have also demonstrated the indirect and positive effects of audit
quality, used as a mediating variable, on other governance mechanisms
(Abbott et al., 2003).

Nowadays, audit firms are digitizing, developing their internal
processes and studying how to exploit big data and new digital tools to
add value to their customer. This digitalization may improve the audit
quality and better satisfy shareholders and other stakeholders by
making the audit more relevant. First, with digital tools such as the
analysis of big data, the auditor can evaluate all data of the audited firm
and no longer use the sampling method. Indeed, digitalization of audit
processes enable him to improve risks assessment and the quality of
judgments by identifying all the anomalies and by proposing solutions

to issues highlighted. Finally, the audit could also focus on current data,
and not just historical information, to give a prospective vision of the
sustainability of audited firm by evaluating the current level of sales,
the planned order booking, etc. This additional analysis could sig-
nificantly reduce the managers’ opportunistic behaviours and thus en-
hance the audit relevance and improve the corporate governance.

2.4. The influence of digitalization on audit firms

According to Porter and Heppelmann (2014), competition and the
increasing pressure to provide their clients with relevant and reliable
information are the main factors driving audit firms to digitalize their
processes. In order to stay competitive, audit firms must evolve their
business model and service offer by acquiring innovative technologies
to propose digital solutions (Van Den Broek and Van Veenstra, 2018).
Within the next 5 years, 58% of auditors and businesses consider that
new technologies will directly impact audit functions (Macaulay,
2016).3 In order to develop their audit processes, several audit firms
have invested in new artificial intelligence (AI) tools such as KPMG
(IBM's Watson), PricewaterhouseCooper (Halo) and Deloitte (Argus)
(Kokina and Davenport, 2017). According to Krahel and Titera (2015),
by moving from the paper-age to digital management of the informa-
tion, digitalization is impacting the way audits are conducted.

Among digital technologies, big data and AI are currently the most
used by audit firms to evolve their processes and service offerings
(Montes and Goertzel, 2018). For Gartner,4 big data can be defined by
the 3V's (Velocity, Volume and Variety). Wamba et al. (2015) re-
commend adding Value and Veracity moving from three to 5V's. Thus,
big data can allow auditors to quickly have access (Velocity) to all in-
formation (Volume). They sometimes need to structure the data that
could come from different sources (Variety), control content (Veracity)
and finally make sure that information collected will have an added-
value (Value).

The audit literature focused on studying big data and AI
(Kichin, 2014; Zhang et al., 2015; McKee and Lensberg, 2002;
Pendharkar, 2005; Raphael, 2017). However the number of papers in
this area remains limited. By analysing 301 papers, centred on analy-
tical procedures, Appelbaum et al. (2018) found, for example, that
within the audit techniques, only 7% of the papers cover the data
analytic topic. Several researchers studied cognitive technologies (big
data and AI) and their impact on the internal behaviours of companies
in terms of data analysis (Warren et al., 2015), corporate reporting (Al-
Htaybat and Von Alberti-Alhtaybat, 2017), audit performance and risks
analysis (Krahel and Titera 2015; Cao et al., 2015; Issa et al., 2016).
Montes and Goertzel (2018) state that cognitive technologies modify
the way companies deal with information management by increasing
the understanding of risks or weaknesses.

Some researchers tried to understand the effects of big data on the
best way to conduct audit in the future. Kim et al (2016) determine that
specific tools can be used for the analysis of big data collected by
classifying, identifying and eliminating redundant data in a secure way.
According to Zhang et al. (2015), big data analysis will allow auditors
to deal with data gaps such as Consistency (format, synchronization and
contradiction), Integrity (incomplete or data modification), Identifica-
tion (data structure), Aggregation and Confidentiality (Griffin and
Wright, 2015). Krahel and Titera (2015) claim that auditors can save
time and focus on the analysis rather than on data collection managed
by the technology. Moreover, some researchers suggest that big data
analysis influences the auditors’ behaviours regarding their judgments
and decision making (Brown-Liburd et al., 2015) and support them in

3 https://www.forbes.com/sites/kpmg/2016/11/23/how-technology-is-
transforming-the-audit– M.T.Macaulay (KPMG)- How technology is trans-
forming the audit.

4 www.gartner.com/it-glossary/big-data/.
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the automatic data correction (Kogan et al., 2014). Nevertheless, ac-
cording to Yoon et al. (2015), big data should be considered as a
complement of the “traditional audit evidence’’.

Some researches are interested in the impact of data analytics on
audit firm's capacity to detect frauds (Nigrini, 2018; Richins et al.,
2017). Indeed, one of the main goals of the digitalization of audit firms
is to detect frauds and to be able to better understand and quantify the
risk for their clients (Brown-Liburd et al., 2015). Researchers conclude
that data analytics could highlight frauds by detecting rounded number
often used by fraudsters (Nigrini, 2018), but some ones such as
Richins et al. (2017) recommend using both techniques (manual fraud-
detection combined with automatic fraud-detection) to avoid this kind
of issue. According to these authors detect the fraud, secure information
and provide clients with relevant reporting are key for trust.

Finally, some researches on cognitive technologies found that using
cognitive technologies provide clients with a better quality of data
analysis and a more accurate identification of potential issues
(Cao et al. 2015). In this context, McKee and Lensberg (2002) and
Pendharkar (2005) consider that AI techniques could help auditors to
predict bankruptcy, while Sajady et al. (2008) argue that it improves
the quality of financial analysis. Indeed, with the advent of big data and
AI, the main challenge will be the interpretation of results. In addition,
according to Krahel and Titera (2015), audit using digitalization, can be
considered by both auditors and companies audited as less intrusive
and the analysis of big data can improve the relevance of auditor's
functions for data collection and reconciliation. In the same line of
thought, Lombardi et al. (2014, 2015) conclude that digitalizing is
changing the audit landscape and will revolutionize the way audits are
performed. Moreover, Dinesh and Juvanna (2017) stress that compa-
nies must consider cybersecurity's risks using software to ensure cor-
porate safety and privacy, and to minimize risks.

3. Methodology

To study the perception of major audit firms regarding the effect of
digitalization on their business, a qualitative study was conducted with
the five largest audit firms in France (Big Four and Mazars). Auditors
were interviewed, following the principle of data saturation, reached in
the 15th interview. Thereafter, interviews were conducted with 3
partners to validate the results. In total, 18 semi-structured interviews
have been recorded, totally transcribed and analysed.

3.1. Sample presentation

A group of experienced auditors (with at least the rank of manager)
from the largest audit firms in France, has been selected, all involved in
new data analysis technologies or with this competency mentioned on
their CVs. By relying on social networks and especially LinkedIn, re-
search was done using keywords in relation with digitalization and new
data analysis’ technologies (analytics, data transformation, data visua-
lization, machine learning, process digitization, IT, etc.). A list of
around 100 auditors, operating in different sectors of activities, was
collected and auditors were contacted via social networks and by email.
After several reminders, 18 auditors have accepted to be interviewed; 7
interviews were conducted remotely by Skype or through phone calls
and 11 interviews face to face at auditor's work place. All respondents,
with high educated profiles, studied in business schools (65%) or uni-
versities (35%). They have different positions within their firm from
Manager to Partner. Among these interviewers, 3 have an innovation
coordinators responsibility in their firms (Table 1). Within the sample,
auditors have an average experience of fourteen years, with an average
age of thirty-six years old. Most of the respondents are in Paris Area
against 25% from other French regions. The respondents are mainly
male (72%). The interviews’ duration was between fifty-five and se-
venty-five minutes. For confidentiality reasons, and as requested by the
interviewees, information such as names and ages are been removed.

3.2. Interview guide and data analysis

Auditors were interviewed, using same interview guide, organized
around five themes: (1) the place of digital in audit firms (definition,
opportunities and threats, impact on audit firms culture and on their
internal information system), (2) Digitalization and transformation of
the auditor's profession (impact of digitalization and data analytic on
audit profession, impact on data security, internal implementation
strategy, advantages and constraints of the digitalization of their cus-
tomers), (3) Strategy of audit firm to adopt digital technologies (what
strategy to adopt to become an expert on digital?, strategy of differ-
entiation, customers support strategy), (4) Digital strategy about the
recruitment and the training (impact on recruitment and training po-
licies). (5) Finally, auditors were asked about the impact of technolo-
gical developments in the audit process on corporate governance: Will
the audit better play its role as a governance mechanism? Moreover,
how will the audit of tomorrow improve the quality of accounting in-
formation and stakeholders’ decision-making? The analysis method is
based on the second-generation grounded theory's foundations
(Strauss and Corbin, 2008). Grounded theory was selected for this
empirical study because it provides a methodological framework able to
emerge concepts have not yet been developed. The transcripts of in-
terviews were content-analyzed by the technique of coding, which di-
vided relevant content of transcripts into categories of different themes
(Krippendorff, 2004). Two coauthors coded the transcripts following
Miles and Huberman (1994) and Gillham's (2000) methods of qualita-
tive data presentation. Then, the results of each respondent were ana-
lysed and compared one to the others. To validate our analysis, the
results found were presented to three partners. This step allows us to
insure the internal validity of the results.

4. Results

Findings confirmed that digitization will allow the audit firms (1) to
rethink and optimize their audit process, (2) to encourage the emer-
gence of new auditing offers, (3) to improve audit quality and finally
(4) to redefine the future auditor's profile and embody a new culture of
innovation (Sahut and Peris-Ortiz, 2014). All these implications will
improve the company's governance mainly by reducing the discre-
tionary power of managers and by enhancing the quality of accounting
information disclosed. Thanks to more complete and reliable informa-
tion, shareholders will have a better understanding of the company's
management.

4.1. Towards a more relevant audit with high added-value

Audit firms are aware they must modify their audit approach and
propose services demonstrating their expertise in digital solutions. The
digitalization of audit processes is key to save time on low value-added
tasks and analyse all data instead of sampling method.

4.1.1. Time saving and audit orientation towards high added-value tasks
New digital technologies (big data, artificial intelligence, analytics,

etc.) are changing the way the audit will be conducted by removing
repetitive tasks. New digital technologies allow auditors to save a huge
amount of time, to perform certain audit procedures by extracting data
automatically, easily and by analysing them through algorithms. In
addition, digitalization significantly reduces audit costs.

"… The opening/closing of working papers required 3 working days for
teams, today with digitalization this task is carried out very quickly…"
(Director 1)

The interviewers confirmed, for time saving, the importance of data
collection automation, the digitalization of the circularization process,
the automation of the working papers opening, the global reconcilia-
tions of the customer's data with the financial statements, the invoice
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checks, etc.:

"… When an auditor had to control invoices, he had to ask the customer
for the ledger and find them, then the customer had to provide him with
the evidence. The digitalization of processes allows the customer to have
digital invoices, which prevents him from searching them in a folder…
"(Manager 5)

Time saved will allow auditors to focus on high added-value activ-
ities such as predictive analysis or judgments evaluation or estimates
done by the company's management when closing the accounts. They
can also spend more time on errors, irregularities and risk areas,
making the audit more efficient and increasing the benefit for the
customer. Indeed, one of the respondents emphasizes:

"The usage of these tools provide us with more time to better perform
analysis and to present added-value recommendation, conclusions and
ways of improvement… Information from additional controls, such as
unusual transactions or atypical transactions, may be done to the cus-
tomer, who may then investigate the reports if required… " (Partner 4).

4.1.2. The transition from a sampling method to a complete audit of data
Nowadays, powerful data analysis tools enable auditor to process

customer data in a comprehensive way. Rather than manually re-
viewing a sample's data, the auditor can quickly look at complete data
to improve the audit quality and efficiency. The audit files doc-
umentation is improved, as digitalization allows a real traceability
process, by offering the ability to re-perform the control later. In one
hand, the auditor acquires a stronger understanding of the customer
and its environment and in the other hand, the audited entity can access
to additional information to complete its own risk control:

"The customer's digitalization… opens opportunities, first to develop our
processes and then to develop new tools that drastically change our audit
approach. Moving from a sampling method, … to complete data. …
nevertheless, the opportunity to offer digital services, remains limited to
few customers … " (Partner 3).

4.2. Evolution of the audit offer and development of new services

Respondents pointed out that shareholders and managers often
perceive audit as a necessary and mandatory cost but with limited value
for the business. Therefore, audit firms must increase the relevance of
the audit and its added-value perception by the customers by proposing
new digital services. All interviewees considered that new digital
technologies such as, data mining, data analytics, cloud and cognitive
technologies, etc. will increase the audit relevance.

4.2.1. Data mining
Data mining can be defined as a process used for the extraction of

accurate data within big data. Most interviewees stated that Data
Mining can allow the visualization of data workflow compared to pre-
defined workflow to identify exceptions and analyses them (data
transformation, data visualization). However, interviewees all agreed

that, one of the biggest challenges for their businesses today, is to
collect data in a secure way and usable format that can be integrated
into audit firm's tools:

"… Data mining process allows us to extract data directly from SAP
system (i.e.), as often as necessary in the workflow process: supplier's list,
orders, shipment documents, receipt, invoice … (Partner 2).

4.2.2. Data analytics
Data analytics is the science of analysing, interpreting and com-

municating data to improve the effectiveness of decision-making. With
data analytics, auditors can provide their customers with re-
commendations and benchmark including indicators and statistics. The
analysis of raw data, displayed in the expected format for a quick in-
terpretation, will allow auditors to submit relevant and accurate con-
clusions. In addition, deeper insights into risks and trends can represent
an important added-value for customer. The evaluation of risk is
sometimes complicated for the board of directors thus a deeper analysis
could help them in their decision-making process. Furthermore, some
interviewees highlighted that analytics and other digital tools such as
machine learning, data transformation, data visualization, data mining,
allow auditors to identify unusual transactions within customer's
system.

"…Data analytics can compare paths used with the recommended paths,
i.e.: what happened and what was supposed to happen … thus, we can
quickly identify parallel paths that may be justified or not, but which
could be sources of ineffectiveness…. " (Partner 1).

Indeed, by using algorithms and comparing the way information is
processed, auditors can identify all exceptions and anticipate potential
issues. This type of analysis, allowing customers to improve their pro-
cesses and their systems, is highly appreciated:

"… we asked feedback from our customers to find out if they found the
Data analytics tools useful, if they saw an interest or a change …
Customers are generally satisfied …" (Partner 5).

4.2.3. Cloud and cognitive technologies
Cloud and cognitive technologies impact auditor's methodology and

optimize the control processes. Cloud allows the storage of data or
software on remote servers usually stored on computer. Cognitive
Technology consists on training a machine to think like an auditor
based on the concepts of both machine learning and AI. These tech-
nologies will, of course, not replace the auditor's judgment, but rather
assist him in decision-making by offering possible solutions that the
software has learned from past practices and experiences. Several re-
spondents highlighted the impact on the way auditing is conducted
today and on efficiency and relevance. “AI will be well represented in
future audit approaches and several other tools that are developing in the
market will make the audit more relevant. The auditor, assisted by tech-
nology, will dedicate more time to interpret data. He will also be able to
control the customer's data in real time and this is where he can provide the
customer with added value …” (Director 2).

Table 1
List of interviewees by firm and position.

Audit firm Number of interviews
performed

Partners (Partner
1–5)

Director/Associate Partner
(Director 1–4)

Senior Manager (Senior
Manager 1–3)

Manager (Manager
1–6)

KPMG 4 1 1 2
Ernst & Young 3 2 1

Deloitte 4 1 1 2
PricewaterhouseCoopers 4 1 1 1 1
Mazars 3 1 1 1
Total 18 5 4 3 6
% of Female 28% 20% 25% 33% 33%
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Cognitive technologies monitor the customer's systems and propose
solutions to errors or anomalies identified in real time. These technol-
ogies can drastically improve the audit quality and evolve the audit
offer towards services with stronger added value as customers could
correct these errors, prevent risks and continuously improve their sys-
tems. Moreover, auditors can include predictive component to provide
firms with support for the creation of forecasts or validation of esti-
mates.

" One day we will evolve the system towards a predictive component, we
are not here yet … predictive of provisions, income according to certain
parameters … now its use is very limited to a certain number of activities
such as retail, but we know that it will happen, …" (Senior manager 2)

On the same subject, one senior manager stated: "… In the coming
years, the Data analytics and artificial intelligence could allow auditors to
include in their analysis forecast data to know what the sales will be, what
will be the booking in the next six months or if the planned booking is re-
liable…".

In addition, cognitive technologies will allow auditor to collect and
analyse business information from non-traditional sources such as so-
cial networks, TV, radio, Internet, and determine by analysing the risks
and opportunities, whether this information could have an impact on
audit. With this new service, audit firms evolve their offer and make it
more relevant.

“The new digital technologies will allow the exploitation of new data such
as the existing one on internet, social media or other to better understand
the customer's business, identify audit risks and also understand the
trends regarding the customer's business sector…” (Senior manager 1)

4.3. Improvement of audit quality

Respondents highlighted the importance of using new technologies
to ensure the quality of the audit and to provide them with smarter
analysis in real time. In addition, they pointed out the importance of
supervision of these changes by regulators.

4.3.1. Smart analysis
According to most respondents, audit quality will be improved by

digitizing audit firms and by using new analytics and robotics tools.
Firstly, as seen previously, the automation of several repetitive audit
tasks improves the quality of the preliminary checks and greatly re-
duces the errors. Then, the smart analysis of data allows a better un-
derstanding of the customer's activities, its internal processes, the ac-
counting schemes used and consequently a better understanding of the
risks. In addition, cognitive technology and AI will assist the auditor in
his decision-making by performing certain tasks in an automatic way
and presenting him with scenarios based on historical practices. Finally,
these new tools allow the transition from a risk-based approach to an
approach analysing all data, which allow firms to deliver a smarter and
more relevant service to their customers. Firms no longer based their
judgement on data analysis using the sampling method, which may
vary according to the levels of estimated risks, but rather on the ana-
lysis of global data. Exceptions, deficiencies and anomalies can easily
and quickly be identified:

"…Optimize our processes to deliver a smarter service, not necessarily a
new service because the audit will always control information, but in a
smarter way to improve the quality of audit: analysing data, making
them valuable, so we have to be more relevant in our audit. We keep a
risk approach, but we are looking for exceptions, the processes will
highlight not expected results … we are looking for the gap … so we
provide our customer with more comfort … because in the past we were
more on a sampling method today we will inform our customer that we
will analyse all data to identify potential issues…" (Senior Manager 3).

4.3.2. Real timing analysis
Moreover, results show that audit processes ‘digitization will help to

improve peer review and practice monitoring. Today these very im-
portant controls are done generally once the audit is performed, which
is not very efficient and does not allow an early detection of anomalies.
Indeed, in the current state, these controls require complicated co-
ordination to supervise the different audit files and synchronize the
data. Digital technologies will enable audit teams to collaborate in real
time and will allow peer review in real time, which will enhance the
audit quality.

"the audit process can take advantage of new technologies to develop
real-time dashboards that can be leveraged by audit firms to better
monitor audit quality. These tools can alert firms in real time if issues are
detected. The emergence of the cloud, artificial intelligence, robotics, and
analytics now offer the possibility of very significant progress in terms of
audit quality.” (Partner 3).

4.3.3. Regulations
In addition, respondents pointed out that the improvement of the

audit quality is now prevented by regulators (H3C, PCAOB, IFAC …).
Audit standards which remained at the level of the auditor's risk-based
approach do not yet include the capability to address the completeness
of data. The auditor's profession is a highly regulated profession and the
evolution of legislation and auditing standards is key to improve the
audit quality. Most respondents states that the ability to process all data
instead of sampling will lead regulators to revise all audit standards
based on the risk approach by integrating the technology dimension
and its potential uses. Several standards are concerned including: ISA
315, ISA 320, ISA 330, ISA 501, ISA 5005. According to interviewees,
regulators must answer new questions: how to build audit evidence
based on digital data? Should the notion of materiality be revised?
which prudential rules to obtain customer data securely? What are the
new risks to consider in the use of Big Data and how to take them into
account in the audit process?,etc. Respondents believe that this evolu-
tion will take longer to achieve and that this is a matter of time:

"…the regulators (H3C, PCAOB, IFAC ….) must evolve … this is
blocking us as regulator has been stuck at the level of the risks audit
approach … even at the level of the standards audit … the link between
global data analysis and the audit methodology is not yet fixed, this
gateway is not yet developed. … Standards have not yet evolved, this
slowed down the evolution, but it's just a matter of time….” (Manager
3).

4.4. Towards on new auditor's profile and the incarnation of an innovation
culture

According to the respondents, the change of paradigm, implied by
the implementation of digital technologies, has a direct impact of the
auditor's profile and on the culture of audit firms now focussed on in-
tegrating a culture of innovation.

4.4.1. Paradigm shift
Otherwise, several respondents argue that nothing can change

without the involvement of audit teams and the implementation within
audit firms of the added-value culture. With this change of paradigm,
Auditors should move from the simple fulfilment of checklists to an

5 ISA 315: Identifying and Assessing the Risks of Material Misstatement
through

ISA 320: Materiality in planning and performing an audit.
ISA 330: The Auditor's Responses to Assessed Risks.
ISA 501: Audit Evidence - Specific Considerations for Selected Items.
ISA 500: Audit Evidence.
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added-value culture improving customer's system and procedures.

“The digital transition of audit firms will introduce a new culture of
adding value to the customer and providing satisfaction. As a result,
customer satisfaction and added-value during the mission will be key
variables in measuring employee performance and determining career
development…” (Director 3).

With the digitalization, audit firms should change their billing ap-
proach by moving from a charged hours model to a model including
research and development fees:

"The model needs to evolve because the software and hardware compo-
nent are becoming more important to us … and we need to collectively
advance this understanding with our customer to accept other billing
models: our fees represent the knowhow plus software and development
and it's a big challenge for us and for the whole profession to change
attitudes…" (One partner coordinator of innovation in a big).

4.4.2. Auditor's profile
Our results show that digital technologies will have a strong impact

on future auditor profile and create a culture of innovation. All re-
spondents emphasized that, in addition to knowledge management, the
future auditor must feel comfortable with digital tools. He must have
the skills to understand how customer's data are designed and gener-
ated. He must also have the competencies to extract, analyse data and
finally develop skills in designing control tools and interpreting data.
Clearly, all interviewees stated that the audit profession needs new
talents, more comfortable in analysing and processing data, as well as
talents that can develop new audit tools to propose added-value to
customers. The audit was previously perceived as a repetitive work,
very demanding explaining their significant turnover. With the new
technologies (cloud, analytics, robotics, etc.), firms will be able to im-
prove their attractiveness since the audit work will be partly auto-
mated, so less repetitive, and more challenging and stimulating.

"Tomorrow's audit would encourage auditors, including young people, to
use their talents, skills and experiences to improve the audit process, bring
more value to the mission. the audit of the future requires a deep training
and experience in data processing and analysis and especially in the use
of new technologies.” (Partner 5)

Beyond digital technical skills, several respondents highlighted that
the future auditor must demonstrate skills in critical thinking, con-
sidered by the respondents as a state of mind, to improve the mon-
itoring and analysis of data and consequently increase the audit quality.
A Director said "critical thinking will become an essential quality for the
auditing profession and all employees must challenge themselves, open up
and keep up-to-date on the evolution of the environment… It can develop
auditor's curiosity and allow them to be creative and innovative, which will
improve customer satisfaction ….” (Director 4).

4.4.3. Culture of innovation
According to most interviewees, the digitization of companies has

led audit firms to create a culture of innovation by creating research
laboratories and new structures of innovation to identify potential is-
sues of digitalization at local and global level. They acquired several
start-ups specializing in digital technologies and employed specialists in
digital, robotics, blockchain, etc. Finally, some audit firms worked with
incubators on joint projects to investigate developments and implica-
tions for their activities.

"…the acquisition of skills through recruitment and purchase of start-up
companies … the first strategy is to understand what is happening on the
market, once we understand, we must estimate the consequences on our
business … We also work with incubators, on fundamental questions:
will our job be assigned for a short term and if yes, how … " (Senior
manager 1).

4.5. Audit process and corporate governance

Based on respondents, the evolution of audit processes will directly
impact the corporate governance modifying the relationships between
managers and board of directors, board of directors and shareholders
but also between companies and creditors.

4.5.1. From managers to board of directors
According to most respondents, the technological evolution of the

audit will improve the corporate governance at different levels: (1)
Time saving, (2) added-value tasks, (3) complete data analysis and (3)
higher level of quality with the ability to detect anomalies, errors or
misappropriation in the financial statements. New digital tools can re-
duce the asymmetry of information between managers and board of
directors, and thus enable the audit to play its full role as a governance
mechanism allowing the board of directors and stakeholders to take
decisions based on a more reliable and transparent accounting in-
formation.

"Today, the audit is done by sampling, tomorrow the audit will cover all
of the customer's data and therefore the discretionary attitude of man-
agers will be limited … and with a more transparent information the
directors’ board and the different shareholders will be in a more com-
fortable situation to take decision…." (Partner 4).

4.5.2. From board of directors to shareholders
Most interviewees stressed that for shareholders, the analysis of

global data in real time can increase their confidence about statistics
provided by board. They also stated that reliable forward-looking data
help investors in their investment decision-making. Digital technologies
will contribute to reassure stock market and allows it to predict the
performance of firms with a higher level of confidence. Thus, data
analysis become a real governance tool by reducing information
asymmetry between managers and investors, by retaining them and
increasing their level of satisfaction and trust in firms.

“Overall everyone is a winner since the confidence in the accounting data
disclosed will certainly be improved, which promotes better decision-
making by directors and investors and reassure the stock market …”
(Partner 3).

4.5.3. From firm to creditors
Overall, our results reveal that the audit's digital evolutions should

have an impact on other stakeholders such as banks. With better in-
formation (completer and more reliable), banks will be able to better
analyses and anticipate the strategy of audit's firms. Creditors will have
a better assess the company's sustainability and future ability to re-
imburse debt.

“…Taking current and forecast data into account in the audit process
will further enhance the confidence of investors and creditors in the
published accounting information, …that means a governance based on
good information” (Partner 1).

5. Discussion/implications and contributions

5.1. Discussion/implications

The purpose of this paper was to study the influence of digitalization
on the auditor's profession, and to identify potential improvement of
the audit role as a governance mechanism. Our results show that the
digitization influences the auditor's profession regarding at least five
key elements:

First, the audit will become more relevant and will add value to the
customer. Respondents confirmed that digitalization will allow the
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auditor to save time on boring and repetitive tasks, which is aligned
with previous studies on Robotic Process Automation (Moffit et al.,
2018). In addition, audit can focus on more added-value task for the
customer. Our findings are consistent with Lombardi et al., (2015)
research showing that digitalization could help auditing companies
to optimize the operational flow by reducing the timing of data
collection and proposing advanced prognostics solution, optimizing
and automatizing the processes, improving productivity and effi-
ciency. Nevertheless, time saving does not necessary means cost
savings as audit firms will have to support the Research & Devel-
opment costs (algorithm development, equipment's, software) in-
cluding the hiring cost of competences such as data scientists
(Golia, 2013). Moreover, digitalization will transform current audit
practices from a sampling approach (risk approach) to one that uses
data exhaustiveness. This confirms the results of Kitchin (2014) and
Cao (2015) who find that auditors could use big data to perform a
continuous auditing on a total population of documents instead of
using a sampling method.
Secondly, audit firms could extend their offer by proposing new
services such as real-time auditing, data exhaustively analysis of
some systems and processes, validation of forecast data, etc.
Digitalization is indeed a considerable opportunity for audit firms to
improve their offer and their image to the various stakeholders who
perceive the audit as a cost without much added value.
Thirdly, digitalization will improve audit quality. New digital tools,
comprehensive data processing and the coverage of all customer
data will allow a more relevant analysis of the various customer's
processes and detect most errors, anomalies in the financial state-
ments and control systems. This is in line with work on big data,
which shows that moving to full data use could improve the quality
of financial statements (Lombardi et al, 2015; Krahel and
Titera, 2015) and anomalies detection (Cunningham and
Stein, 2018).
Fourthly, a new auditor profile is emerging to better meet the needs
of audit firms and support them in their digital transformation.
Indeed, the auditor will have to expand their professional compe-
tences and to develop specific skills especially in data analysis or
new control tools management. Even if auditors do not need to be an
expert in program development, they must have a technological or
innovation palatability especially in data analytics and visualization
and feel comfortable with new innovative tools. Based on
Krahel and Titera (2015), the audits standards defining the training
and skill of the auditors must be updated to consider the specificities
of the audit data analytics requiring some expertise to use specific
technology (Software and Hardware) for a deep audit
(Cao et al, 2015). Audit firms will have to attract new talents with
new competencies using digital tools and some specific tasks will be
made obsolete through their implementation. (Richins et al., 2017).
Therefore, one of the managerial issues will be for education in-
stitution to implement specific programs dedicated to the digitali-
zation of audit functions (Lombardi, et al., 2015).
Finally, digitalization will enable the implementation of a culture of
innovation within audit firms that must constantly innovate and
evolve their audit processes and tools to meet the changing needs of
their customers. This result goes in the same direction as the study of
Rao and Weintraub (2013) which shows that the integration of an
innovative culture within a company encourages its employees to
change and to be more proactive. Innovation will also be a central
element in evaluating audit and career progression of collaborators.
If this culture of innovation is missing, there is a risk that other
economic actors will arrive to compete with audit firms by offering
their services. In this context, Richins et al. (2017) point out the
competition in the market could lead companies like Google or
FinTech start-ups to decide to offer audit services. In order to avoid
this threat, large audit firms are implementing the digitalization of
their processes mainly to fit with a changing environment,

differentiate themselves and be more competitive. This strategic
orientation obviously required human and technological invest-
ments and audit firms need to rethink their working procedures
(Dai and Vasarhelyi, 2016). Our results also show that to integrate
new technologies, and to create their own tools for analysis and
control of data, audit firms have adopted strategies of (1) – re-
cruitment of experts in the digital field and data analysis. (2) – ac-
quisition of specialized start-ups in digitalized audit. (3) – creation
of their own research and innovation laboratories and (4) – colla-
boration with external incubators on joint projects to gain a better
understanding of market developments and their implications for
their activities.

Digital technology will enable the audit to evolve towards a better
control of the customer's data and towards an improvement of the re-
levance and quality of audit. New digital tools and the coverage of all
customer data will allow a more relevant analysis of the various pro-
cesses and data of the customer and identify most errors and anomalies
in the financial statements. This will allow the audit to fully play its role
as a governance mechanism and become a resource to limit the dis-
cretionary power of managers but also a tool to inform them in their
decision-making. Moreover, the evolution of the audit offer towards a
real-time audit and towards the validation of the forecast data will
further limit the risk of misappropriation and the opportunistic beha-
viours of the managers. Evolving auditing through digitization will also
improve the transparency of financial statements and enable the board
of directors to take the right decisions. Finally, this audit's technological
evolution could also enable the audit committee to improve the internal
systems and processes to produce accounting information based on the
recommendations made by the auditors. This would also limit the risk
of earning management by directors and improve corporate govern-
ance. In addition, changes in the audit should also have an impact on
other investors (shareholders and bankers). With better information
(completer and more reliable), they will be able to better control the
managers ’actions and retain the main shareholders of the company.

The success of the digital transformation of audit firms and the
evolution of their service offerings depends on two key elements. First,
firms need to invest in data security to reassure their customers and
build trust for data transfer. Secondly, they must implement policies to
include the culture of innovation at every level of the profession to keep
up-to-date technology and constantly evolve their service offerings. In
addition, audit firms need to deal with legislative and normative issues
that could affect them. Indeed, while new technologies are evolving and
enabling comprehensive data analysis, the current legislation on data
transfer and security and privacy rules, as well as auditing standards
need to be updated as digital business is moving quickly. Several audit
standards must evolve by integrating new technologies, mainly all the
norms related to the risk approach (ISA 315, ISA 320, ISA 330, ISA 501,
ISA 500), but also the rules of ethics which must take into consideration
how auditors can exercise their profession in all independence re-
specting professional ethics in this new environment. As a result, big
data analysis offers huge opportunities for audit firms, but also carries
some risks given the current legislation. The question that arises today
is, do these technological changes will encourage regulators to evolve
the audit?

5.2. Contribution

This study contributes to the literature on corporate governance and
audit in general and in digital transformation of audit firms more spe-
cifically. It demonstrates that digital technology will transform the
audit role as a governance mechanism and limit the discretionary
power of managers. It also contributes to enrich the work on audit
quality and highlight the need to change audit standards by integrating
new technologies. On the managerial level, this research highlights for
both auditors and their customers the issue of the digital transformation
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of firms, its implications on auditing practices and the new constraints
associated with them. In their digital transformation’ process, firms can
use several recommendations. As a summary, audit firms could:

- Appropriate technologies and invest in the training of their em-
ployees and associates.

- Digitalize repetitive and low added value processes to improve their
brand image in the market.

- Reflect on a new organization of audit teams and a new allocation of
roles taking into account the digitization of certain processes and
allowing the optimization of the audit process.

- Set up research laboratories and develop partnerships with in-
cubators or other digital players on issues related to the develop-
ment of new tools for data extraction and control, etc.

- Establish a culture of innovation at all levels in order to remain
attentive to market developments and to constantly evolve audit
services.

- Set up teams to work on the security of customer data transfers and
to collect data in a way compatible with the firm's tools.

- Establish a new recruitment policy focusing on skills and new talent
of digital (data scientists, data analysts…) and dual skills profiles
(double degree engineering school and business school).

5.3. Limitation & future researches

Our research is not free from methodological limitations. The results
of this research cannot go beyond the exploratory framework given the
size of our sample (18 auditors). In addition, our methodology could be
completed by a participatory qualitative study that remains difficult to
obtain. New research tracks can complete this work. First, it is essential
to study how the digitalization of internal audit processes could im-
prove corporate governance. Moreover, it is important to examine
whether the digitalization of internal control systems would improve
audit committees ‘role as a governance mechanism and limit the op-
portunistic behaviours of managers. In the audit field, it is also inter-
esting to study the impact of digitalization on small audit firms that do
not have the resources of large firms to appropriate the technology and
develop new offers. Finally, it is important to examine the effects of
digitization on the recruitment policy of audit firms.
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