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Abstract

Objective: Analyze the moderating role of the environmental context in the relationship between
technological and organizational contexts and audit firms’ adoption of emerging technologies in a
regulated environment.

Method: This descriptive study was conducted using a quantitative survey. The population consisted of
audit firms registered with the Securities and Exchange Commission. A sample of 114 valid responses was
obtained. Structural Equation Modeling (PLS-SEM) and moderation analysis using the product indicator
method were performed.

Results: The findings confirm the theoretical foundation of this study, the Technology, Organization,
and Environment (TOE) framework, demonstrating that a company’s technological, organizational, and
environmental contexts influence audit firms’ decisions regarding the adoption of emerging technologies.
Concerning the moderating role of the environmental context, the results suggest that coercive and
mimetic pressures do not play a moderating role. In contrast, normative pressure positively moderates the
relationship between the technological and organizational contexts and the adoption of new technologies.
Contribution: The predictive power of the TOE framework in audit firms’ adoption of emerging
technologies was empirically validated. Additionally, in the theoretical field, the study advances the
discussion on the factors influencing the adoption of new technologies by audit firms within the Brazilian
regulatory environment.
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1 Introduction

An accountant’s role in the accounting profession has traditionally centered on calculation,
transaction recording techniques, and information generation (Henry & Hicks, 2015). However, the
profession is evolving due to technological advancements, and auditing firms, a branch of accounting,
have to adapt to these changes.

Digital transformation is characterized by the use of digital technologies to reshape businesses,
identify new revenue opportunities, and enable or enhance business models and processes (Majchrzak
etal.,2016).

Consequently, digital transformation presents numerous significant research opportunities
in auditing, including understanding the factors that influence audit firms’ decisions to adopt new
technologies, identifying market-driven requirements for auditors regarding knowledge and service
provision as clients implement more complex computerized systems, exploring how emerging
technologies can be leveraged for data analysis and auditing, and examining the impact of these
technologies on auditors’ work (Witte, 2020).

The emerging technologies most commonly adopted by auditing firms to enhance their processes
and services include big data, artificial intelligence (Al), robotics—such as robotic process automation
(RPA), cognitive automation, and virtual assistants—intelligent automation for self-regulating task
handling, cloud computing, blockchain, drones, the Internet of Things (IoT), 3D printing, and computer
vision (Montes & Goertzel, 2019).

Several studies have explored the impact of emerging technologies on companies, including
research on big data and Al in data analysis (Warren et al., 2015) and external reporting (Al-Htaybat
& Von Alberti-Alhtaybat, 2017); the effects of digital technology on audit firm performance and risk
analysis (Cao et al., 2015); the influence of these technologies on the quality of auditor judgments (Brown-
Liburd & Vasarhelyi, 2015); the adoption of digital transformation and data analytics in the internal audit
environment (Vasarhelyi ez al., 2015); and the role of digital technology in transforming audit firms and
the audit process (Appelbaum & Nehmer, 2017).

Studies examining the factors influencing the adoption of new technologies include Widuri et al.
(2019) and Handoko and Thomas (2021), who analyzed the adoption of audit software; Eu-Gene et al.
(2019), who investigated the use of Computer-Assisted Audit Tools and Techniques (CAAT); Widuri
et al. (2019), who explored the adoption of Generalized Audit Software (GAS); and Handoko (2021),
who focused on the adoption of machine learning. However, there remains a research gap regarding the
factors influencing the adoption of emerging technologies—such as Al, big data, RPA, cloud computing,
blockchain, drones, the Internet of Things (IoT), and Audit Data Analytics (ADA)—in the context of
external auditing, highlighting the relevance of this study.

Regarding the theoretical foundation supporting studies on digital transformation, the Technology,
Organization, and Environment (TOE) framework is widely applied to research on the adoption of
information technology at the company level (Oliveira & Martins, 2011; Venkatesh & Bala, 2012).
Oliveira and Martins (2011) argue that the TOE model is particularly suitable for studying organizational
technological innovations, as it incorporates the environmental context, making it a more comprehensive
approach. They also emphasize that the TOE model has a solid theoretical foundation, strong empirical
support, and significant potential for studying I'T adoption. Furthermore, they suggest that for a more
robust analysis of new technology adoption, integrating multiple theoretical models is essential to gaining
a deeper understanding of the IT adoption phenomenon (Oliveira & Martins, 2011).

The TOE model posits that three key factors within a company’s context influence decisions
regarding the adoption of emerging technologies: the technological context, the organizational context,
and the environmental context (Baker, 2012).
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The technological context involves analyzing internal and external characteristics that are strategic
for adopting emerging technologies. The organizational context encompasses factors such as company
size, trust, information technology expertise, and knowledge of how to use emerging technologies. The
environmental context refers to the external business environment, shaped by industry characteristics,
competitive pressure, and trust (Tornatzky & Fleischer, 1990; Baker, 2012).

Despite the strong predictive power of the TOE model in studies on the adoption of emerging
technologies, findings in the literature suggest that, in the context of auditing firms, the direct relationship
between the environmental context and the adoption of emerging technologies has weak predictive power
(Rosli et al., 2016).

Thus, these findings suggest that the environmental context acts as a moderating variable due
to the complexity of the auditing environment in Brazil, which is regulated by the Federal Accounting
Council (CFC) and the Securities and Exchange Commission (CVM) regarding technology procedures
and applications. Additionally, the significant role of auditors in ensuring the proper functioning of the
capital market further influences the relationship between the technological and environmental contexts
and the adoption of emerging technologies (Oliveira et al., 2019).

Given the conflicting findings on the adoption of emerging technologies within the environmental
context and its potential influence on the relationships between the technological and organizational
contexts, this study aims to analyze the moderating role of the environmental context in the relationship
between the technological and organizational contexts and the adoption of emerging technologies by
auditing firms in a regulated environment. Additionally, the direct relationship between the technological,
organizational, and environmental contexts and the adoption of emerging technologies was examined to
validate the theoretical framework adopted in this study.

The relevance of this study lies in providing insights about into the factors influencing audit firms’
adoption of emerging technologies, regulators’ perceptions of auditors, and how firms shape the use of
advanced analytics software (Eilifsen ef al., 2020). A perceived lack of sufficient audit standards to address
these concerns heightens auditors’ hesitation to adopt advanced analytics and other digital transformations
(Barr-Pulliam et al., 2021). Although current auditing standards do not prohibit the use of emerging
technologies, audit firms fear that the absence of specific regulations could lead to increased regulatory
scrutiny (Barr-Pulliam ef al., 2022) and heightened legal liability in the event of an audit failure (Barr-
Pulliam et al., 2021). Therefore, this study contributes by proposing a comprehensive framework for
adopting emerging technologies by audit firms, incorporating new variables such as coercive pressure,
mimetic pressure, normative pressure, potential absorptive capacity (acquisition and assimilation), and
realized absorptive capacity (transformation and application).

2 Theoretical Framework
2.1 Adoption of emerging technologies in auditing — a systematic literature review

Digital transformation is conceptualized as the impact of multiple digital innovations, introducing
new structures, practices, actors, beliefs, and values that have the potential to challenge, modify, replace,
or complement existing organizational and/or industry rules (Hinings et al., 2018).

Digital innovation can transform markets by disrupting existing products and business models
(Hinings et al., 2018). Consequently, it plays an increasingly crucial role in achieving business objectives,
often leading to the restructuring of entire industries (Grover & Kohli, 2012).
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Research conducted by Kroon et al. (2021) aimed to identify the most frequently studied
emerging technologies in relation to their impact on accountants’ roles and skills. The results indicate
that the primary technologies examined include data analytics (Salijeni et al., 2019), blockchain
(Pimentel & Boulianne, 2020; White et al., 2020), and AI (Li & Vasarhelyi, 2018; Rozario & Vasarhelyi,
2019b; Sun, 2019).

Research strategies for adopting emerging technologies such as data analytics, blockchain, and Al in
the auditing field have been primarily conceptual, with no empirical studies identified on their use. Given
the limited number of studies on these technologies, this study focuses on the adoption of the following
emerging technologies: robotic process automation (RPA), data analytics (DA), and blockchain.

Robotic Process Automation (RPA) is low-cost, easy-to-implement software designed for process
automation (Huang & Vasarhelyi, 2019). Due to its characteristics, RPA can reduce costs associated with
errors and task execution time by minimizing human involvement in repetitive and high-volume processes
(Santos et al., 2020). Despite the observed impacts of RPA, Cooper et al. (2019) noted a lack of studies
analyzing RPA as a phenomenon in the context of accounting and auditing.

Artificial intelligence (AI) is the field of developing computer systems capable of achieving human-
like intelligence through cognitive automation, machine learning, reasoning, hypothesis generation
and analysis, natural language processing (NLP), and intentional algorithm modification (Rozario &
Vasarhelyi, 2019b). Research on Al in auditing primarily focuses on the use of virtual assistants and
cognitive technologies to develop cognitive aids for auditors (Li & Vasarhelyi, 2018), applying NLP to
process audit-related textual information, such as contracts and social media (Rozario & Vasarhelyi,
2019a); combining NLP and deep learning to extract sentiment features from documents (Sun, 2019;
Sun & Sales, 2018); employing machine learning algorithms for predictions and analyses; and utilizing
image recognition in audit procedures, including the use of drones (Ding et al., 2020).

Audit Data Analytics (ADA) is the science and art of discovering and analyzing patterns, identifying
anomalies, and extracting other useful information from underlying or subject-related data through
analysis, modeling, and visualization to support audit planning and execution (AICPA, 2014).

ADA in auditing primarily focuses on risk assessment, daily journal entry testing, and examining
entire populations within a given area (Salijeni et al., 2019). It also supports audit evaluation and the
preparation of financial statements (Austin et al., 2019) while enabling a significant increase in the volume
of tests by analyzing complete data sets rather than samples (Austin ef al., 2019).

Blockchain is a distributed, decentralized, transparent, and chronological database that maintains
a continuously growing list of data records organized into blocks. Each block is linked to the previous one
and is verified by network participants (“nodes”) to ensure its legitimacy. Data can be recorded in public
and private ledgers containing transactions that have already occurred and been validated. Information
about each transaction is shared and accessible to all nodes in the network. Additionally, nodes may
operate anonymously, enhancing security in transaction verification (Inghirami, 2018).

Research on the relationship between blockchain and auditing primarily focuses on the challenges
audit firms face in accepting new clients who use blockchain technology due to the lack of regulations
defining what constitutes sufficient and appropriate audit evidence (Pimentel & Boulianne, 2020).

Studies on emerging technologies, including RPA, AI, ADA, and blockchain, have not examined
the adoption process of these technologies by auditing firms. Instead, they have primarily focused on how
these technologies can support auditors in audit processes and procedures by reducing costs, increasing
the volume of tests, and automating repetitive tasks.

The TOE framework was used to examine audit firms’ adoption of emerging technologies.
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2.2 Technology, Organization, and Environment (TOE) Framework

Tornatzky and Fleischer (1990) developed the Technology, Organization, and Environment
(TOE) framework to describe the factors influencing an organization’s adoption of technological
innovations. This model identifies three key aspects that influence the adoption and implementation
of new technologies: the technological context, which includes internal and external factors related to
technologies; the organizational context, which encompasses characteristics such as scope of operations,
size, and management structure; and the environmental context, which considers the business
environment in which a company operates, including market segment, competition, and government
relations (Baker, 2012).

The TOE framework enables researchers to understand the broader context of innovation by
integrating the various factors influencing technology adoption within their respective domains (Venkatesh
& Bala, 2012). The technological, organizational, and environmental contexts shape technology adoption
at the firm level (Tsou & Hsu, 2015) and influence how organizations adopt and implement technological
innovations (Tornatzky & Fleischer, 1990).

In this study, the technological context was measured through technological competence, which
encompasses technology infrastructure and IT human resources (Tsou & Hsu, 2015). Technology
infrastructure refers to equipment such as computers, servers, intranets, and extranets that enable the use
of emerging technologies (Zhu & Kraemer, 2005). IT human resources include information technology
and auditing professionals with the knowledge and skills necessary to implement emerging technologies
in auditing firms (Zhu & Kraemer, 2005).

Low et al. (2011) state that emerging technologies become part of a company’s operational
activities only if the necessary infrastructure and technical efficiency are in place. Thus, audit firms with
technological competence are better prepared to adopt emerging technologies.

After reviewing the literature, Arpaci et al. (2012) noted that the TOE framework can be combined
with other theories to explain IT adoption. They argue that Institutional Theory when integrated with the
TOE framework, can provide a more comprehensive explanation of I'T adoption across different contexts.
Oliveira et al. (2019) offer examples of studies that combine Institutional Theory with the TOE framework.

Institutional Theory has been applied in research on information systems due to its relevance in
understanding new technologies’ organizational and social aspects. In general, studies focus on innovation,
adoption, implementation, and assimilation, examining the impact of institutional pressure on the
diffusion of IT innovations, the institutionalization of software applications, and the interaction between
IT artifacts and existing institutions (Dedoulis, 2016).

The dimensions of Institutional Theory are typified as coercive, normative and mimetic (Dimaggio
& Powell, 1983).

Coercive pressure captures the broader external pressure on a company to behave in a certain way
(Dedoulis, 2016). The actions of the government or regulatory entities on organizations, represented by
laws, standards and tax requirements, interfere with an organization’s production patterns, behavior, and
relationship with consumers (Freitas & Guimaraes, 2007).

Normative pressure arises when a professional body—linked to professionalization (Coraiola &
Silva, 2008) and composed of norms and rules governing institutions—establishes quality standards
for specific organizational processes (McKinley & Mone, 2003). It also involves disseminating a shared
cognitive framework, standard guidelines, and organizational practices (Dedoulis, 2016).
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Mimetic pressure occurs when an organization facing uncertainty imitates the actions of and adopts
practices from successful organizations (McKinley & Mone, 2003). In this context, uncertainty serves as
a driving force. Therefore, even in situations free from uncertainty and/or difficulty, organizations may
favor structures or practices already employed by institutions perceived as successful within the industry
(Carpenter & Feroz, 2001).

Studies on technology adoption include absorptive capacity, along with managerial support and
organizational size, as a factor in measuring the organizational context (Pivar, 2021).

Absorptive capacity encompasses elements related to gaining competitive advantages through
investments in information technology (IT infrastructure) and personnel training (Sancho-Zamora et
al., 2022). It is defined as a company’s ability to acquire and effectively utilize both external and internal
knowledge, thereby creating opportunities for improved outcomes (Cohen & Levinthal, 1990).

Zahra and George (2002) conceptualize absorptive capacity in two components: potential absorptive
capacity, which includes the dimensions of knowledge acquisition and assimilation, and realized absorptive
capacity, which encompasses knowledge transformation and application.

Firms may face significant barriers to adopting I'T innovations, such as a lack of absorptive capacity
among workers (Park et al., 2007). Tu et al. (2006) stated that absorptive capacity enables firms to expand
their knowledge and skill base, enhancing their ability to support future information systems development.

Absorptive capacity can influence companies to adopt emerging technologies by identifying new
technologies that enhance operations (acquisition), assimilating the necessary skills and competencies
for more efficient adoption (assimilation), increasing flexibility and adaptability to changes, allowing
experimentation with emerging technologies and operational adjustments (transformation); and effectively
applying these technologies to improve efficiency, reduce costs, and enhance service quality (exploitation)
(Zahra & George, 2002).

The business environment is characterized by institutionalism and ambiguity, which can present
opportunities, such as new technologies and resources, and constraints, such as regulatory influences on
decision-making (Bradley et al, 2011). The IT literature indicates that Institutional Theory strengthens
the environmental context within the TOE framework (Oliveira & Martins, 2011).

Institutional Theory suggests that a company’s decision-making extends beyond purely rational
considerations and is shaped by its institutional context. Firms seek to maximize their legitimacy in
decision-making by aligning with their institutional environment and justifying their choices accordingly
(Cui & Jiang, 2012). Studies integrating Institutional Theory with the TOE framework highlight its
effectiveness in emphasizing environmental drivers (Tajudeen et al., 2017).

As previously mentioned, the pressures outlined in Institutional Theory are considered significant
determinants of technology adoption. However, Institutional Theory does not account for the technological
and organizational contexts or factors influencing the adoption process. Integrating Institutional Theory
with the TOE framework addresses this gap (Depietro et al., 1990) and enhances the conceptual model’s
explanatory power (Oliveira et al., 2019).

Although research indicates a direct influence of the environmental context on the adoption of
audit technologies (Widuri et al., 2019; Handoko & Thomas, 2021), there is no evidence of its potential
moderating effect on the technological and organizational contexts in explaining the adoption process
(Oliveira et al., 2019). Given that companies operate within distinct environments and their actions are
shaped by these external factors, it is reasonable to question whether the environmental context influences
the other contexts of the TOE framework.
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Auditing firms must comply with various standards issued by accounting regulatory and oversight
bodies, such as those established by the Federal Accounting Council (CFC), the Securities and Exchange
Commission (CVM), and the Central Bank of Brazil (Bacen). These standards have specific methodologies
for their application, requiring professionals to possess high technical expertise. As a result, auditing firms
operate in complex environments. They must adapt their physical and technological infrastructure, the
profile of their professionals, and their knowledge of information technology and procedures to meet
regulatory requirements. This necessity directly impacts their technological and organizational contexts.

In such an environment, isomorphic pressures are particularly relevant for audit firms, as these
professionals adopt technologies while regulatory and professional bodies exert significant influence over
their practices (Scott, 2003).

Companies can adapt their technological infrastructure and train their personnel to adopt emerging
technologies in response to government regulations or customer requirements (coercive pressures), to
align with competitors’ practices (mimetic pressures), or to comply with regulatory bodies’ directives
(normative pressures).

The absorptive capacity of companies in adopting emerging technologies is influenced by
government regulations, laws, and standards that require auditing firms to acquire specific knowledge
to meet regulatory requirements (acquisition), by the imitation of practices adopted by other auditing
firms (assimilation), by adherence to standards and norms established by regulatory bodies such as CFC
and Ibracon (transformation), and by the exploration of emerging technologies to enhance efficiency and
improve service quality (exploitation).

Thus, the influence of peers and companies in the same field and the impact of regulatory demands
and normative bodies represent isomorphic pressures—mimetic, coercive, and normative—on audit firms.
These pressures affect the adequacy of technological competence and the capacity to absorb knowledge
for adopting emerging technologies (Villadsen et al., 2010), suggesting that they can positively moderate
the technological and organizational contexts.

Based on the previous discussion, the following research hypotheses are proposed:

H1 - The environmental context positively moderates the relationship between technological
competence and the adoption of emerging technologies by audit firms.

H2 - The environmental context positively moderates the relationship between the environmental
context and the adoption of emerging technologies by audit firms.
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Figure 1 summarizes the study’s theoretical model.

Coercive Mimetic
Pressure Pressure

Normative
Pressure

\

Environmental Context

Acquisition

Assimilation

Organizational
Context

Transformatio
n

Application

Technological Technological
Competence Context

Emergent
Technologies

Source: developed by the authors (2023).

Figure 1. Theoretical Model

3 Method

The population of this study consists of auditing firms registered with the CVM, the regulatory and
supervisory body of the National Financial System, which oversees the capital markets on an ongoing
basis. A total of 322 firms, including Big Four and non-Big Four companies, are located across all regions
of Brazil. A questionnaire was sent to the email addresses of professionals registered with the CVM and

is available at <https://abre.ai/hSEN>.

Data were collected from June 10, 2022, to January 15, 2023. A total of 322 emails were sent to
companies registered with the CVM, resulting in 121 responses. After excluding seven invalid responses,
the final sample comprised 114 valid responses, yielding a response rate of 35.40%.

Tables 1 and 2 present the parameters and measurement methods for each variable used in the study,

along with their operationalization and theoretical foundation.
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Table 1

Research variables and measurement parameters

Variables Description of the constructs (measurement parameters) Theoretl.cal
foundation
My company's IT infrastructure is ready to adopt emerging technologies.
Theoretical Context My company is commtted to ensuring its employees are familiar with Chan &
emerging technologies. h
on
My company is well-versed in emerging technologies. (201 3g)
Itis the intention of regulatory agencies that our company adopts
emerging technologies.
Coercive Our company intends to adopt emerging audit technologies. )
Pressure _ Liang et al.
The competitive environment forces our company to adopt emerging (2007)
audit technologies.
Our suppliers are increasingly adopting emerging technologies.

. Normative . . . . . Liang et al.
Environmental Pressure Our customers are increasingly adopting emerging technologies. (2007)
Context Regulators influence companies to adopt emerging technologies.

Our competitors perceive the adoption of emerging audit technologies

positively.
Mimetic . ) . . ) .

The adoption of emerging audit technologies has greatly benefited our Liang et al.
pressure

company. (2007)

Our customers and suppliers perceive the adoption of emerging
technologies in auditing positively.
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Variables

Description of the constructs (measurement parameters)

Theoretical
foundation

Organizational Context

Searching for pertinent information about the adoption of emerging
technologies is common in our company.

Our management encourages employees to use other sources of
information within the company when adopting emerging technologies.

Management expects employees to handle information on the adoption

of emerging technologies beyond our area of expertise.

In our company, ideas and concepts about the adoption of emerging
technologies are communicated across departments.

Our management emphasizes cross-departmental support to solve
problems and concepts related to the adoption of emerging technologies

In our company, there is a rapid flow of information. For example, if

an important department obtains important information about the
adoption of emerging technologies, it immediately communicates it to a
other departments.

Our management periodically holds meetings with all departments to
exchange new knowledge, problems, and achievements regarding the
adoption of emerging technologies.

Our employees are encouraged to absorb new knowledge about the
adoption and use of emerging technologies.

Our employees successfully link existing knowledge about the adoption
of emerging technologies into new insights.

Our employees skillfully transform information from internal and
external sources about the adoption of emerging technologies into
valuable knowledge for our company.

Our management encourages employees to generate knowledge about
the adoption of emerging technologies.

Our management supports the development of prototypes of emerging
technologies.

Our company regularly reconsiders emerging technologies and adapts
them according to new knowledge.

Our management supports the development of prototypes of emerging
technologies.

Flatten et al.
(2011)

Adoption of emerging
technologies

The audit firm you work for adopts artificial intelligence (Al).

The audlit firm you work for adopts Robotic Process Automation (RPA).
The audlit firm you work for adopts Blockchain.

The audit firm you work for adopts audit data analytics (ADA)

Venkatesh
& Bala
(2012)

Source: developed by the authors.

Table 2

Research variables, operationalization and theoretical frameworks

Variables

Operationalization

Theoretical
foundation

Adoption of emerging
technologies (AET)

Technological
context (TC)

Environmental
context (EC)

Organizational
context (OC)

Rated on a 7-point Likert scale, adapted by Venkatesh and Bala (2012) ve

Rated on a 7-point Likert scale, adapted by Chan and Chong (2013)
Coercive pressure (CP), normative pressure (NP), and mimetic pressure
(MP), rated on a 7-point Likert scale, adapted by Liang et al. (2007)

Acquisition (AQ), Assimilation (ASS), Transformation (TR) and Application
(APP), rated on a 7-point Likert scale, adapted by Flatten et al. (2011)

nkatesh & Bala
(2012)

Chan & Chong

(2013)

Liang et al. (2007)

Flatten et al. (2011)

Source: developed by the authors (2023).
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The following statistical techniques were used to achieve the proposed objectives: descriptive
statistics, ANOVA, Partial Least Squares Structural Equation Modeling (PLS-SEM), and moderation
analysis using the product indicator method, as shown in Table 3.

Table 3
Objectives and tests

Objectives Tests
To present the profile of auditing companies. Descriptive statistics
Analyze the direct relationship between technological, organizational and environmental Structural equation
contexts in the adoption of emerging technologies. modeling
Compare the level of adoption of emerging technologies by type of audit firm. ANOVA

Analyze the moderating role of the environmental context in the relationship between

technological and organizational contexts and the adoption of emerging technologies. Product indicator

Source: developed by the authors.

Note that Structural Equation Modeling (SEM) using the Partial Least Squares approach (PLS-SEM)
was adopted to examine the associative relationship between the constructs, employing a one-dimensional
model suitable for samples with fewer than 200 participants (Hair et al., 2014).

The product indicator method, which calculates the sum of the products between each indicator
(scale item) of the independent variable and all indicators of the moderating variable, was used to
analyze the moderating role of EC in the relationship between audit firms’ TC and OC and AET (Kenny
& Judd, 1984).

Moderating effects occur when a moderating variable influences the strength or direction of
the direct relationship between independent and dependent variables (Henseler & Fassott, 2010). A
moderating variable modifies this relationship; many such variables are discrete or nominal (Baron &
Kenny, 1986). Analyzing moderating effects can provide a deeper understanding of the relationships
among the studied variables.

Studies using moderating variables examine how the structural model adjusts across different
pre-established groups and assess differences in regression coefficients based on the value of
the moderator (Sharma et al., 1981). Moderation using the product indicator method has been
recommended in more recent studies employing Structural Equation Modeling under the Partial
Least Squares approach (PLS-SEM).

4 Results

The survey included auditing companies from all Brazilian regions, emphasizing the Southeast with
56%, followed by the South with 21% of responses, and the Northeast with 18% of responses. A similar
result was found by Amorim et al. (2012), who also included auditing companies from all Brazilian regions
and highlighted the presence of the Southeast.

Regarding the type of audit firm, the results indicate that 96% of the sample consists of non-
Big Four companies, with 11% representing medium-sized firms such as BDO, Grant Thornton, Nexia
International, and Baker Tilly, and 85% comprising small firms. These findings highlight a concentration
of survey participants in small and medium-sized companies.

Table 4 presents the descriptive statistics (mean, minimum, maximum, and standard deviation) for
the environmental, technological, and organizational contexts of the TOE framework and the adoption
of emerging technologies.
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Table 4
Sample’s descriptive analysis

Contexts Description N Minimum Maximum Mean Standard Deviation

cT Total 114 2,67 7,00 578 1,00
Pressao Coercitiva 114 3,67 7,00 6,23 0,73

Pressao Normativa 114 3,00 7,00 5,42 1,08

A Pressdo Mimética 114 3,00 7,00 5,70 1,12
Total 114 3,22 7,00 5,78 0,73

Cco Total 114 3,61 7,00 531 0,91
ATE Total 114 1,00 7,00 3,99 1,98

Source: developed by authors.

Regarding the TC result, audit firms exhibited an average of 5.78, indicating high technological
competence. This finding aligns with Rosli et al. (2016), who observed that companies had an adequate
IT infrastructure and employees with the technical competence to adopt technologies. The high standard
deviation in T'C suggests significant variability among the types of audit firms participating in this study.

In general, the EC result showed that auditing companies presented an average of 5.78, which
indicates that the companies in this study understand that the environment in which auditing companies
operate is influenced by sector characteristics, standards, competitive pressure, etc.

Further analysis reveals that coercive pressure obtained the highest average (6.23), which shows
that audit firms suffer specific formal or informal pressures from other institutional entities, such as the
government and regulatory bodies (Liang et al., 2007; Teo et al., 2003). Next comes mimetic pressure,
with an average of 5.79, which indicates that audit firms are influenced by competitors and describes
imitative behavior by companies in relation to similar organizations (Glover et al., 2014; Teo et al., 2003).
Finally, normative pressure obtained an average of 5.42, thus showing that audit firms suffer pressure
from professional bodies that establish quality standards for specific organizational processes associated
with professionalization (Coraiola & Machado-da-Silva, 2007). Note that regulatory pressure obtained
the lowest average, explained by the absence of regulations for using emerging technologies. This result is
consistent with the findings of Rosli et al. (2013), who identified that regulatory pressure has a moderate
effect on the use of audit technologies since the lack of guidance in regulations and professional standards
can inhibit auditors from fully adopting technological advances (Salijene et al., 2018). Regulatory and
standard-setting bodies may be slow to make the necessary adjustments to keep up with technological
advances (Kend & Nguyen, 2020).

The OC results indicate that auditing firms achieved an average of 5.31, reflecting a high level of
absorptive capacity. This finding aligns with Youssef et al. (2015), who argue that technological absorptive
capacity is linked to a company’s technological readiness, meaning that firms must have adequate
technological infrastructure and qualified personnel.

Finally, the audit firms presented an average of 3.99 for the AET, demonstrating an average level of
adoption of emerging technologies. Attention is drawn to the high level of standard deviation (1.98) of
this construct, which must be influenced by the variability in size of the audit firms.
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4.1 Validation of the measurement model

Next, reliability analyses were conducted using Cronbach’s alpha and composite reliability (CR).
At the same time, convergent validity was assessed through the Average Variance Extracted (AVE), and
discriminant validity was evaluated using the Fornell-Larcker criterion to ensure the robustness of the
measurement model.

The constructs were validated using Confirmatory Factor Analysis (CFA) to refine the scales.
Following the guidelines of Hair et al. (2014), 28 indicators exhibited factor loadings greater than 0.7,
with statistical significance and individual reliability above 0.50. Two indicators, Organizational Context
— Assimilation (ASS4) and Organizational Context — Transformation (TR), had factor loadings below 0.4
and no statistical significance, leading to their removal from the model.

Composite reliability, Cronbach’s alpha, and AVE were recalculated to assess the effects of excluding
the indicators, as shown in Table 5.

Table 5
Composite Reliability, Cronbach’s Alpha, and AVE

Contexts Description N Cronbach’s alpha Composite Reliability AVE
Contexto Tecnolégico (CT) 3 0,932 0,914 0,78

Coercive pressure (CP) 3 0,776 0,841 0,67

i?nnl;eexrfzal (CA) Normative pressure (NP) 3 0,803 0,847 0,67
Mimetic pressure (MP) 3 0,711 0,768 0,55

Acquisition (AQ) 3 0,827 0,806 0,59

Contexto Assimilation (ASS) 4 0,785 0,797 0,68
Organizacional (CO) Transformation (TR) 4 0,844 0,836 0,7
Application (APP) 3 0,966 0,969 0,91

Adocdo de tecnologias emergentes (ATE) 4 0,897 0,908 0,71

(**) Significant at 5%

Source: developed by the authors (2023).

Next, discriminant validity was assessed by analyzing cross-loadings using the Fornell-Larcker
criterion (1981). The results indicate that the square roots of the AVEs were greater than the correlations
between the constructs, confirming the presence of discriminant validity (Table 6).
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Table 6
Discriminant validity - Fornell-Larcker (1981)

Description TC NP cp MP AQ ASS TR APP AET
TC 0.942
NP 0.464 0.894
cp 0.151 0.388 0.876
MP 0.601 0.334 0.152 0.862
AQ 0.628 0.653 0.342 0.416 0.736
ASS 0.094 0.194 0.189 0.201 0.201 0.867
TR 0.235 0.168 0.145 0.247 0.063 0.438 0.729
APP 0.538 0.331 0.091 0.593 0.457 0.091 0.363 0.966
AET 0.403 0.486 0.247 0.283 0.626 0.499 0.204 0.476 0.873

Source: developed by the authors (2023).

4.1 Assessment of the structural model’s validity

The VIF (Variance Inflation Factor) values for the dimensions ranged from 1.229 to 3.367, remaining
below the critical threshold, indicating no collinearity issues in the model.

The positive Stone-Geisser Q? result also confirms the model’s predictive capacity (Hair et al., 2014).
The blindfolding procedure yielded positive values, supporting the model’s predictive relevance.

Next, the significance and relevance of the relationships were assessed to test the theoretical
framework. Following Hair et al. (2014), the bootstrapping procedure with 5,000 subsamples was employed
to verify the significance of the proposed structural paths. Table 7 presents a summary of the results.

Table 7
Results of the structure equations modeling

Structural Model - path analysis Structural Coefficient Erro-padrdo T p-value R2 f2

TC > AET 0.673 0,141 4,758  0,000* 0,511
EC> AET 0.341 0,076 6,648 0,019** 0,645 0,158
OC>AET 0.787 0314 6,830  0,000* 0,783

(*) Significant at 1%, (**) Significant at 5%.

Fonte: elaborado pelos autores (2023).

The model implemented in this study showed a high R? effect, exceeding 0.50 (Table 4). Regarding
the effect size (f*) evaluation, the results indicate a high effect for TC and OC and a moderate effect for EC.
These findings suggest that OC and TC have strong predictive power regarding the adoption of emerging
technologies.

The findings confirm the theoretical foundation of this study—the TOE framework—demonstrating
that a company’s TC, OC, and EC influence audit firms’ decisions regarding the adoption of emerging
technologies (Tornatzky & Fleischer, 1990).

Opverall, the findings indicate that TC is the most influential construct in audit firms’ adoption of
emerging technologies, followed by OC and EC.
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An individual analysis of the contexts indicates that technological competence positively and
significantly influences audit firms’ adoption of emerging technologies ( = 0.673, p = 0.000). Authors
such as Cruz-Jesus et al. (2019) highlight the importance of the technological context in this process.

This influence is explained by the fact that, without compatible equipment, direct access to intranet
and extranet, and adequately trained auditors to perform audit procedures, the adoption of blockchain,
AI, ADA, and RPA would be significantly hindered.

Auditors must adapt their technological infrastructure to meet the needs and requirements of their
clients, ensuring efficient and effective audit procedures and maintaining the integrity of clients’ internal
control systems. Small audit firms, which typically serve less sophisticated clients, tend to make smaller
investments in infrastructure and staff training but still recognize the importance and necessity of these
strategies (Widuri et al., 2019). In contrast, large audit firms (Big Four), which generally serve larger
and more complex clients with sophisticated IT systems, make substantial investments in equipment,
recruitment, and staff training to remain compatible with their clients’ technological environments.
(Widuri et al., 2019).

This result aligns with the findings of Handoko and Thomas (2021), Widuri et al. (2019), and Rosli
et al. (2016), who examined the adoption of audit technologies by audit firms and identified the need of
investment, as well as the structural differences between small, medium, and large audit firms.

Furthermore, the results indicate that EC positively and significantly influences the adoption of
emerging technologies by audit firms ( = 0.341, p = 0.019).

This result shows that the EC - presented as the environment in which a organization conducts its
business, such as industry segment, competitors, suppliers, and government, regulatory, and normative
bodies (Oliveira, 2017), and in this study measured through Institutional Theory - has a direct effect on
the adoption of emerging technologies. Therefore, factors such as government, competition among audit
firms, country regulation, and technological advancement influence audit firms in the adoption of new
technologies (Dagiliene & Kloviené, 2019).

Several emerging technologies offer opportunities to enhance audit efficiency and effectiveness,
such as RPA (Moffitt et al., 2018) and drones (Christ et al., 2020). These competitive advantages can
enable auditors, particularly those in small and medium-sized firms, to adopt successful practices already
implemented by large audit firms (Big Four).

This finding supports Handoko (2021), Siew et al. (2019), Widuri et al. (2019), and Rosli et al.
(2016), who identified opportunities to enhance efficiency through the adoption of new technologies.

Regarding the last context, the results show that OC positively and significantly influences audit
firms’ adoption of emerging technologies (3=0.787, p=0.000).

This finding indicates that OC, which encompasses organizational characteristics such as IT trust
and know-how, organizational size, centralization, formalization, management structure complexity,
quality of human resources, and internally available resources (Tornatzky & Fleischer, 1990), influences the
adoption of emerging technologies within audit firms. In this study, OC was measured through absorptive
capacity.

Applying new technologies in audit procedures has been essential for scaling operations and
increasing effectiveness in the accounting audit sector. Since absorptive capacity is a dynamic, knowledge-
based resource (Ali & Park, 2016), audit firms have adapted to the rapid need for technological
advancements and internal process adjustments.
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Although audit firms are at different stages of implementing emerging technologies (Barr-Pulliam
et al,, 2022), there is a strong relationship between knowledge acquisition and assimilation and the
adoption of emerging technologies across audit firms. However, the transformation and application of
this knowledge have been more prevalent in large and medium-sized audit firms.

This result aligns with the findings of Handoko (2021) and Widuri et al. (2019), who identified
varying levels of technology adoption, such as machine learning and General Audit Software (GAS),
primarily influenced by the size of the audit firm.

Next, the product indicator method was applied to address this study’s general objective of
analyzing the moderation effect of EC on the relationships between TC, OC, and the adoption of emerging
technologies. Additionally, moderation was examined by segregating EC into coercive, mimetic, and
normative pressures to capture the distinct effects of these forces.

Table 8
Moderation Results

Structural models - path analysis Structural Coefficient Standard Error T p-value
CO x CA>ATE 0,084 0,084 1,004 0,315
CT x CA> ATE 0,011 0,092 0,116 0,907
COxPC>ATE 0,012 0,126 0,098 0,922
CTxPC>ATE 0,009 0,145 0,063 0,950
CO x PM > ATE 0,173 0,195 0,889 0,374
CT x PM > ATE 0,161 0,204 0,790 0,430
CO x PN > ATE 0,486 0,044 11,04 0,000*
CTx PN > ATE 0,337 0,063 6,241 0,000*

(*) Significant at 1%, (**) Significant at 5%.

Source: developed by the authors (2023)..

The findings indicate that EC does not moderate the relationship between OC and the adoption of
emerging technologies. This result provides evidence that rejects hypothesis H1, aligning with the findings
of Oliveira et al. (2019), who concluded that EC does not moderate the relationship between OC and the
adoption of software as a service.

Additionally, the results indicate that EC does not moderate the relationship between TC and
the adoption of emerging technologies, providing evidence that rejects hypothesis H2. This result is at
odds with the work of Oliveira et al. (2019), who indicated that EC positively moderates the relationship
between TC and the adoption of software as a service.

The lack of regulatory guidance causes audit firms to hesitate in adopting emerging technologies.
A study by Eilifsen et al. (2020) involving audit firm partners in Norway found that regulatory bodies
intended to inspect completed audits where technologies such as blockchain and Al had been used before
determining whether the technology was appropriate. This indicates that no standardized procedures
exist for validating work performed with emerging technologies in accordance with auditing standards.

Furthermore, as highlighted by Barr-Pulliam et al. (2022), the adoption of emerging technologies
in the current environment in which audit firms operate is more closely linked to the financial capacity of
firms than to regulatory requirements.

Additionally, the moderating role of EC was analyzed by segregating it into coercive, mimetic,
and normative pressures. The results indicated that coercive pressure does not moderate the relationship
between TC, EC, or the adoption of emerging technologies. On the other hand, normative pressure
positively moderates the relationship between TC, EC, and the adoption of emerging technologies.

The CVM primarily exerts coercive pressure on auditing, while the CFC and Ibracon impose
normative pressures.
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Accounting standards began to be issued by the Accounting Pronouncements Committee (CPC)
and approved by the CFC following the implementation of Law No. 11,638 of 2007. Regarding auditing
standards, the CFC is responsible for issuing all NBCs PA (Brazilian Accounting Standards - Independent
Auditor), which establish rules for professional practice, and NBCs TA (Brazilian Accounting Standards
- Independent Audit of Historical Accounting Information), which define doctrinal concepts, rules, and
procedures applicable to auditing.

Therefore, the CVM is responsible for overseeing the application of accounting standards. It assesses
whether auditing complies with these standards within the capital market but does not issue the standards.
Thus, this distinction may have influenced the research results.

Finally, the results indicated that mimetic pressures do not moderate the relationship between TC
and EC and the adoption of emerging technologies.

Handoko (2021) and Siew et al. (2019) note that audit firms’ use of technologies can provide a
competitive advantage. However, large companies and, to some extent, medium-sized audit firms have
the infrastructure to develop customized tools. In contrast, small firms typically purchase ready-made
tools that they adapt to their needs. Thus, these factors may limit an audit firm’s ability to replicate the
technologies used by competing firms.

Conclusion

This study aimed to analyze the moderating role of the environmental context in the relationship
between the technological and organizational contexts and the adoption of emerging technologies by audit
firms in a regulated environment. To achieve this objective, a descriptive study was conducted using a
quantitative survey. The population consisted of audit firms registered with the CVM, resulting in a final
sample of 114 valid responses. The statistical analyses included descriptive statistics, Partial Least Squares
Structural Equation Modeling (PLS-SEM), and moderation analysis using the product indicator method.

The findings confirm the theoretical foundation of this study, the TOE framework, within the
scope of auditing. The results indicate that a company’s technological, organizational, and environmental
contexts influence decisions regarding audit firms’ adoption of emerging technologies, with a greater
influence observed from the technological and organizational contexts.

The organizational context emerged as the most influential construct in audit firms” adoption
of emerging technologies. This demonstrates that absorptive capacity—encompassing the acquisition
and assimilation of knowledge about emerging technologies, followed by their transformation and
application—is a key factor in the adoption of blockchain, AI, ADA, and RPA in auditing.

The results also indicate that the technological context is the second most influential factor in the
adoption of emerging technologies. These findings suggest that technological infrastructure (equipment
and software) and the competence of I'T personnel are critical aspects for effectively utilizing emerging
technologies.

The environmental context had the smallest effect on the adoption of emerging technologies,
indicating that while coercive, normative, and mimetic pressures influence adoption, they are not the
determining factors in this process.
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Regarding the moderating role of the environmental context, the results indicate that normative
pressure positively moderates the relationship between technological context, organizational context, and
adoption of new technologies, partially confirming this study’s hypotheses.

This study measured the environmental context through coercive, normative, and mimetic pressures.
Additionally, the CVM was considered the regulatory body for audit firms, as it oversees compliance with
accounting standards and verifies whether audits are conducted by the standards issued by the CFC, the
professional body for accountants, which may have influenced the results.

Regarding mimetic pressure, competition between auditing firms, high investments by large
auditing firms (the big four), and the existence of tools that can be customized by small auditing firms
may indicate that auditing firm copy the technologies used by competing companies.

In summary, this study proposed that the environmental context of the TOE framework positively
moderates the relationship between the technological and organizational contexts in audit firms” adoption
of emerging technologies. Hence, the results indicate that this study’s hypotheses are partially supported, as
only normative pressure moderates the relationship between the technological and organizational contexts
in the adoption of emerging technologies.

This study’s contribution lies in the empirical validation of the TOE framework’s predictive power
in audit firms” adoption of emerging technologies, demonstrating that the technological, organizational,
and environmental contexts are important predictive factors in this process.

Furthermore, this study contributes to the theoretical field, mainly accounting knowledge and
auditing. It advances and deepens the discussion on the factors influencing audit firms’ adoption of
emerging technologies by (i) incorporating the environmental context as a moderating variable in the TOE
framework of technological and organizational contexts, (ii) using absorptive capacity as a novel approach
to measuring the organizational context; and (iii) applying Institutional Theory (coercive, normative,
and mimetic pressures) as a new way of measuring the environmental context, particularly in regulated
environments. These contributions help advance the literature on the adoption of emerging technologies.

Limitations were identified in the development of this study. First, despite the statistical rigor in
the analyses, the results rely on self-reported data, which may lead to inaccuracies, as participants might
withhold behaviors not explicitly covered by standards and regulations. Second, the responses suggest
that some participants provided answers with limited detail or lacked careful attention when completing
the questionnaire.

Future research could compare the adoption of emerging technologies across different countries to
identify potential cultural similarities and differences. Regarding variables, other factors could be explored,
such as applying the Diffusion of Innovation Theory as a construct for the technological context. Finally,
a qualitative approach is recommended for a more in-depth analysis of the issues examined.
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