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Abstract

With the expansion of related business groups and impact of digitization on financial
industry in Taiwan, in recent years, financial holding companies often fail to provide
adequate internal supervision and management due to problems of audit-staff scheduling,
which frequently leads to adjudication and penalization. The study aims to solve the
problem and find better performance evaluation method of auditors beginning by
reviewing past performance appraisal models in prior literature. We then integrate
the random forest and differential evolution technology and propose a two-stage data
analysis method. Applying this method, we analyze audit data collected from the financial
information system; optimize the internal audit performance; and resolve issues related
to audio performance evaluation and task planning. The verification results show this
two-stage model can accurately evaluate the audit performance of high-level audits
under different tasks; smoothly assign appropriate audit tasks; and strengthen operational
decisions. Secondly, we prove the construction of a multi-objective mathematical model
based on provision of professional courses, audit qualification system, task auditing,
etc. can optimally classify the most applicable action plan and dispatch rules, which are
extremely helpful to the management of audit-staff scheduling. Lastly, with the practical
application of this audit data project, we demonstrate the heuristic method suggested
would be more feasible in execution than the conventional planning method.

[ Keywords ] decision-making model, auditors performance appraisals, audit-task
scheduling, dispatching rules, integrated data-driven models
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An Integrated Data-Driven Methodology for Auditor
Performance Appraisals and Auditor Assignment Optimization

Tzu-Chien Wang, Department of Business Administration, National Taiwan University

1. Purpose/Objective

With the expansion of related business groups and the impact of digitization on
financial industry in Taiwan, in recent years, financial holding companies often fail
in internal supervision and management due to problems of scheduling auditing-staff.
Although enterprises and corporate management organizations generally believe that
the large amount of data collected from the performance management system may have
great practical value for the audit departments, most of the existing studies only focus
on verifying the relevance between auditing performance and variables. Conversely,
our study emphasizes on the field application of financial control audit. Summarizing
from previously established models of audit performance evaluation, we discuss and
further establish the most optimal performance assessment model using machine learning
regression. Once identify some key factors, we use an integer planning method to
construct an optimal auditor assignment model to assist financial holding companies in
analyzing the existing audit workload and provide a better audit assignment mechanism to

facilitate human resource decisions.

2. Design/Methodology/Approach

To accurately estimate the audit performance of different auditors under different
tasks and to understand the best personnel assignment approach under different data
constraints, using audit data of financial holding companies in Taiwan, we integrate the
random forest technology and heuristic algorithm to construct an analysis model, which
could apply to evaluate the audit performance of internal auditors and optimally assign
audit tasks according to the required performance value.

Since these companies do not provide all the performance data of the assigned

personnel, to generate complete audit data for the assignment planning of senior
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supervisors, this study proposes an integrated two-stage data analysis model. First, we
apply random forest and machine learning regression technology to accurately estimate
and simulate the audit performance of all auditors under different tasks to predict all
values. In the second stage, based on the predicted values of auditors’ performance, we
optimize task assignment by heuristic algorithms to avoid the infeasibility of integer
planning method in solving high-dimensional problems. The outcome shows that in terms
of the effectiveness, speed, and stability of assignment, Binary Differential Evolution (BDE)
performs better than Genetic Algorithm (GA) and Binary Particle Swarm Optimization
(BPSO). Therefore, we recommend BDE algorithm for auditor assignment, as the
results have well demonstrated its far-better effectiveness of the heuristic approach when

compared with the conventional methods.

3. Findings

This study aims to compare two objectives from an active performance evaluation
model and an integrated performance evaluation model. Objective one: the auditing
department primarily concerns results (that is, result-oriented), with its organizational
goal to maximize the audit performance (X;XjL;ijX;j). Objective two: The auditing
department adopts organizational learning to establish a continuous learning mode among
auditors to improve long-term performance (Roussy, Barbe, and Raimbault, 2020; Gimbar,
Jenkins, Saucedo, and Wright, 2018; Pace, 2002). In addition to maximizing performance
by organizational goals (X; X L;jX;j), it promotes Audit Apprenticeship, strengthens
departmental professional skills training, and assigns appropriate tasks to auditors, which
is a multi-objective equation (; X’ XijcijCLi + X2 X ci, Y + X2 X ci,-M]i) )

The results indicate that this method could prioritize important characteristics that
affected the performance of auditors; compared with the single-objective model, the multi-
objective model will first consider the high-performance audit portfolio, find out the audit
variables that improve the performance value through the overall model analysis, and
carry out the audit task according to the level of influence between the audit variables—
assignments to maximize conversion of audit performance values. For example, auditors
with high audit qualifications and high professional license teaching hours are assigned

to audit tasks with low levels of complexity. Limiting the seniority of three people
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in the audit team allows the team to have senior and junior auditors simultaneously
(XiXijYi1 <2, XiXijYi, < 2,3, X;;Y;3 < 2). The existence of auditors helps promote senior
personnel’s growth, leading to junior personnel’s development. Assignment methods
show that audit experience, expertise, and task complexity affect audit performance and
assignments, which is a finding that echoes current research findings (Asare and McDaniel,
1996; Tan, Ng, and Mak, 2002; Alissa, Capkun, Jeanjean, and Suca, 2014).

Machine learning methods can improve the ability of audit-task scheduling model in
order to analyze critical factors and understand which combinations of audit specialties or
backgrounds perform best on tasks of varying complexity. When the number of auditors
and tasks solved increases to a certain number, the order of assignment of auditing tasks
could be summarized as dispatching rules. Thus, in the future, audit supervisors will be
able to follow the audit dispatch rules for task assignment, and the encouragement of
learning in organization will also have a positive effect. For example, priority should be
given to assigning auditors with professional training experience in their job qualifications
to the least complex tasks, and then assigning senior personnel with professional training

experience and financial background to the most complex tasks.

4. Research Limitations/Implications

In terms of research limitations, although this study proposes a balance mechanism
based on further distribution of input data, the audit performance data has the
characteristics of time migration. Also, the audit work process may affect the subsequent
audit performance. Therefore, an ideal model should be able to process sequence data
and construct a complete audit analysis model. Follow-up can refer to the work shift
scheduling model, Recurrent Neural Network (RNN), Long Short-Term Memory (LSTM),
and other related models of time series data (Ulmer, Thomas, Campbell, and Woyak, 2021;
Dahmen, Rekik, Soumis, and Desaulniers, 2020; Hochreiter and Schmidhuber, 1997), and
the audit data is further analyzed with a deep learning model, and long-term dependencies
in the sequence data are extracted to improve the prediction accuracy of the performance
evaluation model.

In terms of research variables, this study assesses auditors’ tasks based on difficulty

and number of days required , thus it lacks descriptions of the nature of auditing
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tasks, regulatory tasks (Chychyla, Leone, and Minutti-Meza, 2019), auditing unit size,
communication style, team culture, and individual characteristics (Francis and Yu,
2009; Proell, Zhou, and Nelson, 2022; Blum, Hatfield, and Houston, 2022), as well as
the independence of the audit works and the opinions of assessments (Lee, Chen, and
Tsai, 2020; Shiue, Yeh, and Chen, 2021); the analysis model constructs are incomplete.
Besides, the parameter changes do not significantly affect the model results, as the analysis
process of this study do not consider the self-adaptive mechanism to such changes in the
parameters. Future study can explore the adaptive parameters and further construct a more

complete model to improve the complete evaluation in practice.

5. Originality/Contribution

Compared with previous internal audit research, this study has the following
contributions. Given the trend of empirical research such as audit workforce planning,
internal audit variable discussion, and audit performance evaluation, this research
proposes an audit performance optimization model of integrated machine learning and
heuristic algorithm technology—an empirical study of audit performance management in
the financial industry. An integrative practical model is proposed by applying theoretical
perspectives on performance appraisals and auditing assignments from the past literature.
With the provided performance evaluation mode and audit-task scheduling mode, it
can solve the common audit management problems in an audit department of financial
holding companies (auditor performance forecast, audit task assignment, audit assignment
criteria). What’s more, we can systematically evaluate the performance of each auditor in
an enterprise. Both task performance and departmental review work planning optimization
are of substantial assistance. To provide a reference for the practical application of
management science methods in financial audit research, the data analysis model is

suitable for all audit departments in the financial industry.
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