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Abstract—This paper presents a state-of-the-art survey of the
operations research models developed for internal audit planning.
Two alternative approaches have been followed in the literature for
audit planning: (1) identifying the optimal audit frequency; and (2)
determining the optimal audit resource allocation. The first approach
identifies the elapsed time between two successive audits, which can
be presented as the optimal number of audits in a given planning
horizon, or the optimal number of transactions after which an audit
should be performed. It also includes the optimal audit schedule. The
second approach determines the optimal allocation of audit frequency
among all auditable units in the firm. In our review, we discuss both
the deterministic and probabilistic models developed for audit
planning. In addition, game theory models are reviewed to find the
optimal auditing strategy based on the interactions between the
auditors and the clients.
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|. INTRODUCTION

HE importance of a well-designed and effective internal

audit plan cannot be over-emphasized. A review of the
models for evaluating the reliability of internal control
structure is presented in [1]. However there has not been any
comprehensive review article about the available optimization
(normative) models for audit planning and scheduling.

The main objective of internal auditing is to reduce the
losses that occur due to certain undesirable events such as
bookkeeping errors, fraud, waste, etc. [2]. The word risk is
used to describe situations involving potential losses and in
any audit planning a systematic risk assessment is highly
recommended. Auditors can decrease losses by either reducing
the probability of its occurrence or by decreasing its
magnitude. Assessment of the probability of undesirable
events should be made to obtain the degree of relative risk of
each division (unit) in the organization. The internal audit
manager should design a plan that fits the organization and
helps to achieve the audit goals in an effective way. Each unit
should be assigned a relative risk score according to the
expected losses in that unit caused by fraud, waste and error.
A risk score indicates the rate at which losses are expected to
accrue in the absence of auditing. The desired audit plan
should prescribe a more frequent of risky unit, or alternatively
more audit resources should be allocated to such units. Two
alternative approaches are followed in the literature to design
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an audit plan: (1) determining the internal audit frequency for
each auditable unit, and (2) allocating audit resources among
all auditable units. For each auditable unit in the company, the
first approach determines the optimal elapsed time (or the
optimal number of transactions) after which an audit should be
performed. The second approach, however, determines the
optimal audit resource allocation among auditable units. This
paper presents a comprehensive survey of the optimization
models developed for audit planning. To our knowledge such
a complete survey has yet to be reported in the literature and,
thus, the motivation behind this article.

Reference [3] presented a comparison between periodic
audit and continuous audit. He defied the periodic audit to be
the one conducted once at the close of financial or trading
period while the continuous audit is the system of audit
conducted continuously throughout the year at regular
intervals. Therefore the optimization models presented in this
research paper can identify the optimal continuous audit.

I. INTERNAL AUDIT TIMING

The creation of internal audit department is necessary to
monitor the performance and compliance of different divisions
(units) in a company. The importance of audit staff scheduling
is critical to any business organization. Reference [4] reported
that an efficient audit staff schedule reduces the overall audit
cost while [5] reported that it reduces the rate of turnover
among auditors.

Reference [6] highlighted the importance of the audit
department establishing a formal method to develop a
comprehensive set of integrated plans. One of the main
suggestions in its proposed list was to plan an effective
schedule for the activities of the internal audit department. In
this section, we present mathematical models designed to
determine the optimal audit schedule. Some of the proposed
models are deterministic, which implies model parameters are
known with certainty. On the other hand, if models include
probabilistic terms, they are referred to as probabilistic
(stochastic) models

A. Deterministic Models

Two categories of optimization models are presented in this
section: (1) non-constrained models which result in closed
form solutions, and (2) constrained models to be solved by
appropriate optimization software. A closed form solution
refers to a mathematical expression (formula) that directly
provides the optimal solution in terms of the model
parameters. Such a formula is typically obtained by taking the
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derivatives of the objective function of non-constrained model
and setting the result equal to zero.

a) Closed Form Solutions

Reference [7] was pioneer in developing a deterministic
non-constrained model to find the optimal audit interval. Its
model aimed to minimize the sum of the audit costs and the
expected losses that accrue in the absence of auditing. The
authors assumed audit costs were incurred at a uniform rate
and were obtained from multiplying the number of days
required for auditing (w) by the standard cost per day (c). The
authors noted that overheads such as travel expenses should be
included in the audit costs; however, expenses that are
incurred regardless of whether an audit is conducted or not,
should not be considered. The losses that accrue in the absence
of auditing are losses due to fraud, waste, error, etc. It
assumed such losses would rise exponentially to an asymptotic
value E” dollars per year as the time elapsed science previous
audit (t) increases. It proposed the following expression to
compute the expected losses:

E*(1—e™) (@)

b is the growth rate of the loss function that depends mainly
on the management quality. If management quality is high, the
growth rate will be low. The model assumed, once the audit is
completed and recommendations go into effect, the expected
losses will drop to zero and then start rising again. The
objective function of the model was formulated as the sum of
the above-mentioned audit costs and expected losses. They
adapted the machine replacement model from the field of
operations research to develop their closed form solution for
finding the optimal audit interval. They employed e* = 1 + x
approximation and derived the following:

1 [cw(r+b)
N @

t, is the optimal audit interval, and r is the annual interest rate.
The main advantage of this approach is the simplicity of their
closed form solution. However, the major drawback is the
assumption that audit cost is constant regardless of when the
last audit was conducted. In general, audits become more
costly as the time interval between audits increases. The other
disadvantages are the difficulties in estimating the model
parameters b and E* and the approximation used for the
exponential function.

In a follow up study, [8] developed a closed form
expression to find the optimal internal audit timing for an
auditable unit. The objective function of their model was
similar to the one presented in [7] with the goal of minimizing
the sum of the audit costs, C, and the expected losses, L(t).
They cited the finding of [9] that the compliance with controls
within auditable units deteriorates over time unless appropriate
actions are taken to restore compliance to its proper level.
Reference [8] assumed that the expected losses which accrue
if a unit remains unaudited rise exponentially with time:

R

ta
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The total assets of the auditable unit could be used as an
estimate for M. Parameter S is the growth rate coefficient, the
value of which could be set equal to the Audit Unit Priority
Index (AUPI). The AUPI is a number that expresses the
relative riskiness of the auditable unit. Several methods can be
used to assess the value of AUPI based on either subjective or
objective approaches [2], [10]-[14].

Reference [8] assumed that the audit costs were incurred at
the end of audit cycles and the expected losses were accrued
continuously during the entire cycle. Both the audit costs and
the expected losses were discounted to their present values at
the start of the corresponding audit cycles. They assumed the
interest rate is r per year, compounding continuously and they
arrived at the following equation, the solution of which
provides the optimal audit timing, ¢,

r ﬁ - %]:e_ﬁta [1 - %e_”a] (4)

This equation can be solved either graphically or by using
software based on a numerical method such as the Golden
Section search technique [15]. The “Goal Seek” module of
Excel Software can also be used to find t,. The main
advantage of the approach in [8] is its simplicity. The above
closed form expression provides a simple method to find the
optimal audit timing t, without a need to develop an
optimization model. However, there are some disadvantages to
this approach including the difficulties in estimating the model
parameters as well as the assumption that the audit cost
remains the same regardless of how frequently the audit is
performed.

Reference [16] extended the work of [8] and developed a
more realistic model for audit scheduling. In their model, they
considered the audit cost as a function of time elapsed since
the last audit. They applied their model to obtain the optimal
schedule for the external audit of the financial statements of
53 private companies. Their goal was to minimize the sum of
the present values of audit cost and expected losses due to the
absence of auditing. They used the same loss function
presented in [8]; however, they assumed the cost of audit
would increase when less frequent audits are conducted. The
audit cost for auditable unit j is:

G =F " (5)

C; is the cost of auditing unit j if the time elapsed since the
previous audit is t; months; F; is the audit cost if unit j is
audited once a year; A is a constant that is set equal to 12 to
prevent any adjustment to audit cost if audits were conducted
each 12 months; and o is a parameter that shows the growth
rate of audit cost with time. Following the same approach as
suggested by [8], the authors identified the revised TDC(t,)
function, which lead to the following closed form expression
for the optimal audit timing:

2057



International Journal of Business, Human and Social Sciences
ISSN: 2517-9411
Vol:9, No:6, 2015

L_F"[tfr[’”‘%] - —ﬁ'fa[ _ A —T“‘]

r+B; M; =e 1 T+B; € (6)

The advantage of the above approach is that it takes into

account the fact that the audit costs increase with less frequent

auditing. The disadvantages include the need to estimate the
values of the growth rate parameters o; and ;.

b) Optimization Models

Reference [17] presented a mathematical programming
model to determine the optimal number of times each unit
should be audited given the risks and costs involved in the
audit process. The model consists of an objective function and
I+ 1 constraints, where I is the number of auditable units in
the firm. The objective function is the sum of audit costs and
expected losses as discussed earlier. The cost of auditing unit i
consists of two components: (1) fixed cost Cr; and (2) variable
cost C,;t;, Where t; is the time elapsed since the previous audit,
C,; is the variable audit cost per unit of time, and T is the
planning horizon. The authors assumed the expected losses in
the absence of auditing unit i can be expressed as:

L(t;) = 0.5b;t? (7)

Parameter b; represents the rate at which losses for unit i
accrue per unit of time. An appropriate value of b; should be
assign to each auditable unit such that higher values are given
to units with higher risk, and lower values for less risky units.
The model objective function is expressed as:

Min T 2{_,[(Cri/ t) + 0.5 b t;] + k4 (8)

where k, =TY!_, C,. If C is the total monetary resources
available for audit during the planning horizon, the following
constraint keeps the total audit cost less than the total available
resources:

Z{:l [(CFi + Cyity) int (g)] <C (9)

If the integer restriction is removed, the constraint is reduced
to:

1 [C:T] <k, wherek,=C—-TY_,Cy <k, (10)

For each auditable unit, the time between any two
consecutive audits must be less than T and more than t*,
where t* is the shortest practical audit interval set by the
management. Therefore, the following | constraints are also
included in the model:

t*<t;, <Tforeachi,i=1,2,..,1

To demonstrate the application of their model, the authors
considered a case of eight auditable units and assumed t* to be
one month and the planning horizon T to be 48 months. This
means that a unit could not be audited more than once each
month and at least once during the planning horizon. They

used Miller's separable programming technique [18] to obtain
the optimal audit intervals. They showed that the results are
relatively less sensitive to risk estimation error.

B. Stochastic Models

1. Closed Form Solutions

Reference [19] developed stochastic closed form solution
methods to determine the optimal audit timing for individual
accounts such as sales, inventory, accounts receivable, etc.
The authors considered an individual account because error
distribution tends to differ by the type of account [20].
Reference [19] showed that error rate increases as the number
of transactions increases; also, the size and variability of errors
in a period are related to the number of transactions that occur
in that period. Furthermore, to initiate an audit, they proposed
to use either the total number of transactions occurring since
the previous audit, or the time elapsed since the last audit.
They developed closed form solutions for both cases. The goal
was to identify an audit plan that would ensure a high
probability that the error in the account balance is less than a
certain limit (z). Error was defined as the difference between
the recorded account balance (as shown in the company's
books) and the actual account balance (as shown in the bank
statements). They considered the cases of perfect audits,
where audits help detect and correct all errors in the account
balance, and imperfect audits, where audits may not detect all
errors. Furthermore, they analysed two cases: (1) account
balance overstatement discrepancy, and (2) account balance
two-sided (over- and under- statement) discrepancy. They
considered the problem of determining the optimal number of
transactions between two audits that would ensure a
significantly high probability (1 - &) that overstatement of the
account balance would be less than a pre-specified tolerance
(7). The level of significance, =, is usually set in the range of
0.01 to 0.1. If the random variable representing the error in
transaction iis z;which has a mean of 0 and variance of ¢,
then the optimal number of transactions between successive
audits (t7) is:

ti(r, @) = [W%)gz]2 (11)

9~*(1 - #/,) is the inverse distribution function corresponding
to a confidence level of (1 - /,) which alternatively can be
presented by zay,. In other words, [19] showed that if the audit

frequency is set at every t; transaction, the difference between
the recorded balance in the company books and the true
balance will be less than a pre-specified level 7 with
probability of at least 1-a. The above formula can also be used
to find the optimal time between two consecutive audits. If the
mean number of transactions per time period is b, then the
optimal number of periods between two successive audits is
obtained by dividing t; by b. The advantages of the above
solution technique include: (1) error distribution does not need
to be normal; (2) this technique can assess the audit costs and
manpower impacts of varying accuracy and precision goals;
and (3) the optimal solution is easily obtained because of the
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closed form solution. However, the model has some
drawbacks such as the assumption that the mean of the error
term has to be zero; in other words, errors are assumed to be
random and not intentional (misappropriation). Another
drawback is the need to estimate the standard deviation of
errorg,. More importantly, the above model is developed
based on only one account, whereas in practice the audit
timing should depend on all accounts an auditable unit is in
charge of.

2. Optimization Models

The model presented in the previous section assumed that
the state of an auditable unit gradually changes to the state of
being out of compliance resulting in increased losses. Such
losses could be reduced to a tolerable limit by conducting an
audit. Reference [21] used the Markov process approach to
model the optimal audit timing as a sequential decision
problem. He then employed the dynamic programming
technique to find the optimal solution for the model. The
author assumed that each auditable unit can be in one of n
discrete levels of internal control effectiveness. As an
example, when n = 2, the two states would be: in-compliance
and out of compliance. He developed an optimization model
for this case in which the objective function was to minimize
the expected total discounted costs and losses. Examples of
such costs and losses include the cost of performing audits, the
cost of correcting errors, the cost of corrective actions to
improve internal control effectiveness, and losses due to
employees not adhering to internal control procedures. A
disadvantage of this approach is its high level of mathematical
complexity which limits its applications. Another drawback is
the underlying assumption that Markov transitional
probabilities remain constant over time, which is not a valid
assumption in many situations. In addition, estimation of the
transitional probability figures is difficult.

Reference [22] proposes a stochastic programming model
with mixed integer linear programming (MILP) and constraint
programming (CP) for the audit timing problem. The
constraint programming is the result of research in artificial
intelligence in the area of logic control and constraint
satisfaction [23], [24]. Their research problem considers a
planning horizon consisting of N time periods. There are M
units to be audited. Random losses may occur over time for
each one of the auditable unit. Losses that may accrue in each
auditable unit m at any point of time t is assumed to be
normally distributed with mean pand standard deviation of".
Coefficient of variation which is the ratio of standard
deviation and mean is assumed to be constant. Losses at
different time periods are assumed to be independent. In
addition, the audit team is given a strict deadline to complete
the audit. Time to perform an audit is T time periods; i.e. after
T periods the loss accrued will drop to zero. The proposed
stochastic programming model balances both the audit cost
with the cost of losses accrued in the absence of auditing. The
decision variables are the audit timing for each auditable unit.
The objective function is the sum of the expected value of the
audit cost and the expected value of the losses that are

expected to accrue in the absence of auditing. Some
constraints state that if an internal audit starts at the beginning
of period t, the loss level at the beginning of period ¢t + T must
be equal to zero. Other constraints identify the maximum
number of audit teams that can work simultaneously. The
disadvantage of this model is that it assumes that the audit
time is constant which is supposed to be a random variable.
Reference [25] presented a dynamic programming model to
optimize the audit interval in an inventory system. The
research assumes a single item periodic review. Demand is
assumed to be probabilistic. Ordering cost is proportional to
order size and shortages are backordered.

Banks are subject to internal and external auditing of items
such as assets, liabilities, and capitals. An audit evaluates the
bank system internal control, the degree of complaisance with
regulations and procedures, and the efficiency of the banking
operations. Random audits (external audit) are the most
performed in the banking industry. The report prepared by the
internal auditors is always made available to the external
auditors and may influence the outcome of the external audit.

Reference [26] developed an optimization model with
emphasis on auditing of reserves, assets and capital in random
or non-random framework. In case of random audit process,
the regular audit of the bank asset value, A, is assumed to
follow a Poisson probability distribution function with mean
number of audits per time unit. They developed an
optimization model to determine audit timing. Reference [27]
used multi-objective linear programming to find the optimal
credit capital allocation in financial institutions. The author
compared several budget allocation techniques and showed the
benefits of wusing the operations research approach
methodology.

I11.  INTERNAL AUDIT SCHEDULING

The audit scheduling problem determines the optimal
assignment of a set of audit tasks to a group of assigned
auditors. Since auditors have different levels of expertise and
audit tasks have different levels of difficulty, it is required to
assign the audit tasks to appropriate auditors. One of the
objective functions proposed in the literature is to minimize
the sum of the mismatch between the level of auditor expertise
and level of task difficulty. Other proposed objective functions
are cost minimization and to minimize late completion of audit
engagements. Constraints proposed include auditor time
availability, precedence relationship between audit tasks, and
the required due date of each audit engagement.

A. Optimization Models

Reference [28] developed a linear programming model that
assigns audit tasks to audit staff. The decision variables are
number of hours the i** auditor should work on the jt* audit
activity. Constraints make sure that an auditor is not assigned
for more time than his/her available time. The drawback of
this model is that it does not take the precedence relationship
between activities into considerations. Reference [29]
developed a zero one integer linear programming model for
the audit staff assignment problem. The problem assigns audit
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tasks to auditors. The decision variables are binary; a variable
assumes a value of 1 when a task is assigned to a specific
auditor and O otherwise. They used constraints to impose
proper utilization of auditors. Other constraints make sure that
each audit task is completed by one auditor. Their objective
function minimizes the total mismatch of the audit
engagement. Each auditor is ranked from 1 to 5 (example 1 =
average, 2 = good, 3=very good, 4 = excellent, and 5 =
outstanding). Each activity in the audit engagement is also
ranked based on its difficulty level. The mismatch factor
coefficient c;; when audit task j is assigned to auditor i is the
difference between the auditor rank m; and activity level of
difficulty n; The disadvantage of this model is that it does not
also take into considerations the precedence relationships
between audit activities, audit due dates, penalty costs and
resource leveling.

Reference [30] has extended the mathematical model
presented in [29] to include the precedence relationships
between activities. The extended model is also a zero-one
integer linear programming model. Two sets of decision
variables were proposed. The first set of decision variables has
binary variable taking values of 1 if auditor i completes task j
at the end of period k. The other set has binary variables
assuming values of 1 if all tasks of engagement g are
completed by period k. Their objective function minimizes the
sum of the mismatch described before and the penalty cost of
completing an engagement after its assigned deadline. Their
constraints consider: auditor availability, each audit task is
done by one auditor, precedence relationship between
activities.

Reference [31] considers the case when the audit scheduling
problem involves auditors with different efficiencies; several
audit engagements at different locations and different
engagement due dates. The problem was formulated as a zero-
one integer linear programming problem. The objective
function of the model is the sum of mismatching cost; penalty
cost when an engagement is completed after due date as well
as the regular audit cost. The constraints are chosen to make
sure that each auditor work time is in a specified range; each
auditor task is audited by one auditor; an audit task can start
when its predecessors are done; an auditor cannot process
more than one task at a time, audit set up cost is incurred
whenever an auditor switch from one task to another one. Due
to the large number of decision variables and constraints,
finding an exact solution is difficult. They proposed a heuristic
procedure based on the Tabu search method to solve the
problem. Reference [32] developed a decision support system
for audit staff scheduling problem when there is multiple and
large scaled engagements. The main objective is audit cost
minimization. The constraints are to best utilize available
resources. The advantages of developing a decision support
system is the ability for the user to change the constraints as
required in each situation.

B.PERT/CPM Techniques

Due to the precedence relationships that exist between audit
activities, some authors employed the BERT/CPM techniques

and used the project management Network to model the audit
scheduling problem. Reference [33] extended the PERT/CPM
method to be used in internal audit planning. Reference [34]
used the project management network analysis in audit
planning. Reference [35] extended the idea of project cost
analysis to include in audit planning. Reference [30] extended
the integer linear program presented in [29] as described
earlier in the article to include the activity presentence
relationships as in PERT/CPM networks. References [36],
[37] considered the case in which an activity does not have to
wait until all its predecessors are done. This overlap is
required to speed up the auditing process, help making good
use of the audit staff which leads to the increase of the audit
efficiency. There are four types of lead/lag relationships
between audit activities exist in project management literature
[38], [39]. If we assume that activity j follows activity i.
Finish-to-start relationship (FSy) is the one identifies the
minimum number of time units activity j can start after the
completion of activity i. When FS;; = 0, this case is known by
zero lag as specified in [40]. This case is similar to the one
used in PERT/CPM. Start-to-Start (SS;) identifies the
minimum number of time units activity i must complete before
the start of activity j. Finish-to-finish FF;; identifies the
minimum number of time units that must remain to be
completed on j after the completion of i. Start-to-Finish SF;jis
the minimum number of time units that must pass from the
start of i to the completion of j. Reference [36], [37] have
considered both FS; and SS;. If any other relationship is
required, they propose to transfer it to one of the first two
types. They proposed one of two ways to analyze the project
networks. The first approach is followed if splitting activities
are allowed; each overlapping activity will be broken into two
activities. The other approach is followed when splitting
activities are not allowed and they proposed to follow the
methodology presented in [41]. Following either of the two
approaches, early as well as late activity completion time is
determined for each activity in the network of all audit
engagements. This research also considers the travel time and
cost involved when an auditor switches from an audit task to
another one in a different engagement. Reference [42]
modelled each audit engagement problem as a PERT/CPM
network. He was able to combine all firm engagements into
one single network. Their model can allow zero lags between
tasks or overlap tasks. The problem considered is to identify
the schedule of each auditor taken into consideration the
auditor's preferences as much as possible. The model also
finds each audit engagement schedule taken into consideration
the client objectives.

IV. INTERNAL AUDIT RESOURCE ALLOCATION

This section presents an alternative modelling and solution
approach for the audit planning problem. This approach
determines the optimal amount of audit resources (audit
budget or audit time) to allocate to each auditable unit as
discussed in the following sections. Reference [43] used both
the factor analysis and regression analysis techniques to study
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the factors that impact the resource allocation decisions in
auditing. Their results revealed that the total assets, total
revenue, client status (public/private) are the primary factors
in audit resource allocations.

A.Single Objective Optimization Models

1. Allocation of Audit Budget

Reference [2] presented a constrained optimization model
to determine the optimal allocation of audit budget among
divisions or units such that the firm's expected losses due to
intentional and unintentional errors are minimized. They
suggested dividing the firm into a number of auditable units.
The risk factor of each unit was obtained as the weighted sum
of the individual risk factors within the unit (factors such as
quality of internal control, integrity of management, economic
conditions, etc.). The objective of the model was to minimize
the total losses for the firm; and, the decision variables were
the percentages of audit budget allocated to audit units.

References [44], [45] provided a list of factors which can be
used to assess the risk of each auditable unit in any particular
organization. Reference [46] provided a list of 53 factors to
help assess the management fraud risk. The information
extracted from the list can be used to guide internal auditors in
the allocation of audit resources. Reference [47] showed that
the likelihood of detecting errors and fraud will be higher if
audit resources are directed to high risk units. Reference [48]
developed an optimization model to allocate internal audit
resources with the objective of minimizing the detection risk
associated with employee theft. The main reason they focused
on employee theft is that seventy percent of retail fraud is due
to employee theft [49]-[51]. They considered numerous asset
types from which theft may occur. In conducting an audit, the
auditors have the following choices: (1) sample from each
asset type that is controlled by a specific employee, (2)
randomly sample across asset types, or (3) focus on a few
asset types based on the asset value and its auditing cost. Ref.
[48] assumed a single (dishonest) employee controls J asset
types, and that employee may steal a fraction of asset j which
has a value of v;. The model determined the optimal audit
budget to be allocated to asset j as:

k
—va;
c %

where ;s the cost of auditing one unit of asset j, k is the total
audit budget, and c is the required budget if all assets are
audited.

2. Allocation of Audit Time

Reference [52] employed the audit planning model in [2] to
determine the optimal audit time allocation in Janseen
Pharmaceutical group of companies. They divided Janseen
into fifty-seven independent auditable units and used the
Delphi method [53] to collect data and reach consensus about
the relative risk factors of various auditable units. The Delphi
method involved the formation of a panel of internal auditors,
who were asked individually to assess the risk factor of each

unit in the firm. Their responses were summarized and
redistributed to the internal auditors for a possible
modification of their previous inputs. This process was
repeated until all auditors agreed on the final results, which
were used as the relative risk scores.

Reference [52] presented an optimization model to
determine the optimal allocation of audit time to each unit in
the firm. Three levels of audit times were considered for each
unit. The first level was based on a limited review involving
interviews with management, but no detailed testing. The
second level was based on an intensive review and the third
level entailed a complete review of all cycles. For instance,
auditable unit 1 in Janseen required 170 man-hours for limited
review; 378 man-hours for intensive review; and 912 man-
hours for complete review. A zero-one integer linear
programming model was developed to identify the optimal
audit level for various units with the objective of minimizing
the total risk, subject to the available total audit time. Results
revealed that out of 57 units, 44 needed to be audited and the
level of audit for each unit was identified. The difficulty of
this approach was embedded in the estimation of risk
reduction values needed in the objective function of the
model.

Reference [54] divided the labour involved in audit
activities into grades such as partner, manager, etc. They
defined the internal audit time to be the time of each grade of
labour charged to audit activities. Reference [55] developed a
linear programming model to optimize the allocation of
internal audit time among several audit projects (auditable
units). The model was employed to select the best subset of
projects for audit in a multinational Midwest- based financial
service company. The audit staff was comprised of an
associate general auditor, an audit director, two senior
auditors, and six staff auditors. The company had fourteen
types of audit projects. Since the company had four expertise
levels and fourteen types of audit projects, the model included
fifty-six integer variables. Variables represented the number of
audit-hours that an auditor of a specific level should allocate
to a particular type project. Fifty-one constraints were
included to impose technological limitations, resource
restrictions, and policy mandates. The objective function was
formulated to maximize the total benefits provided by the
internal audit department. Coefficients of the objective
function represented the benefits of assigning a particular
audit staff at a given level to a particular audit project. The
final results showed the majority of the audit time allocated to
financial operation audits should be conducted by staff
auditors. Adequate hours were assigned to each of the three
more experienced levels to ensure high audit quality.

B. Multiple Objective Decision Making Models

Several authors developed multiple criteria linear
programming models for the resource allocation problem in
auditing. Reference [56] developed a goal programming
model to identify the optimal audit staff assignment problem
considering a one year planning horizon. The model identifies
the optimal number of audit partners, audit managers, audit
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seniors and audit staffs required to perform an audit job. It
also identifies the new optimal hourly billing rate for each
audit partner, manager, senior, and audit staff. The model
focus only on the audit function and does not take into
considerations the other functions performed by the firm such
as tax and management services. Reference [57] developed an
interactive multi-objective model for the CPA firm audit staff
planning problem. They proposed several objective functions
such as maximize profit, minimize underutilization of high
skills audit staff, and achieve professional development goals.
They assumed that the firm audit staff consists of 6 levels:
Partner A who has the highest level, Partner B, Manager, staff
auditor A, Staff auditor B, and Staff auditor C. They
formulated the objects into goals.

Reference [58] developed a multicriteria decision making
approach to solve the audit workload problem. The model
gives the decision maker (DM) the chance to participate
during the computer solution process in an interactive way to
articulate his/her preferences until reaching the best
compromise solution. Reference [59] developed a multicriteria
decision making model with objective functions such as:
profit, late work completion, declined work, staff reduction,
and work underutilization. Reference [60] proposed a general
resource allocation method which can be employed in audit
planning. The method was developed to allocate resources in
an organization with a centralized decision making
environment, where the objective is to maximize the total
outputs of all units. In audit planning, the output can be
considered as the benefits (savings) due to auditing each unit,
as proposed by [55]. Reference [60] employed the multi-
criteria decision making approach to incorporate the decision
maker's preference information concerning the relative
importance of the outputs of different units. They presented a
multi-objective linear programming (MOLP) model to find the
most preferred resource allocation plan. The solution to this
model can be obtained using an appropriate MOLP algorithm
such as the one suggested by [61].

Reference [62] considered the problem of determining the
optimal allocation of internal auditing time among competing
projects. They proposed a multi-criteria decision making
model with qualitative and quantitative factors. The analytic
Hierarchy process (AHP) was employed to deal with
qualitative risk assessment and the Goal programming model
was used to distribute available auditing time among the
projects in a way that leads to minimum risk. The proposed
decision variables are the number of hours of audit time
needed to be allocated to each project as well as some binary
variables to help select the projects to be audited if the
available number of auditing hours is not enough to include all
projects. The objective function of the Goal programming
model is the weighted sum of the deviation variables that
should be minimized.

C.Models Based on the Interactions between the Auditors
and Clients

Reference [63] presented a model to the internal audit
planning problem using a game theoretic framework that

incorporated the interactions between the auditors and clients.
In their research, they viewed the audit planning problem as a
conflict between two strategic players: the auditor and the
client. Due to the anticipatory effect which occurs if the client
cannot anticipate the time when his or her unit will be audited,
auditors may influence the behaviour of clients, which
discourages the abuse of policy, fraud and other intentional
errors. The authors presented a table to demonstrate the
auditor-client game in strategic form. In the table, the rows
referred to all possible auditor strategies and the columns
referred to client strategies. Each cell in the table contained the
payoffs (auditor payoff as well as client payoff) resulting from
different strategies. Then they reduced the table by eliminating
the rows corresponding to the auditor strategies which were
dominated by other strategies. They used this table as a
guideline to identify the preferred strategy. The main difficulty
with this approach was the estimation of probability
coefficients as well as cost figures required to calculate the
payoffs in the table. According to [63] game theory
applications require considerably more development.

Reference [64] proposed a resource allocation model in
which strategic interactions between the auditor and client
were taken into consideration. They employed a game
theoretic approach to determine the optimal amount of audit
resources to allocate to n identical units. Their objective was
to minimize the total misappropriation in the organization. The
auditor was assigned a fixed budget (B dollars) that had to be
completely spent during a given period. In traditional audit
resource allocation models where n identical units were
involved, an equal amount of resources would be allocated to
audit each unit. However, when interactions between the
auditor and client are taken into account, different strategies
may be considered to audit identical units. For example, the
entire audit budget may be allocated to intensively audit one
randomly selected unit, or the budget could be dispersed to
audit a number of units at different audit levels. In the model,
the authors assumed that a client would misappropriate either
nothing, a little, or a lot. At each unit, the auditor has the
choice of conducting one of three possible audit plans: (1) an
intensive audit, (2) a moderate audit, or (3) no audit. The
auditor will choose one of these plans and will not disclose it
to the client. It was assumed that the probability of detecting
the misappropriation would be high if a large amount of asset
was misappropriated, or an intensive audit plan was selected.
If the misappropriated asset was detected, the client must
return the misappropriated asset as well as pay a penalty. The
authors highlighted the fact that the result of their model
should not be looked at as a unique prescriptive solution of
"the game" and emphasized that the values of their modelling
approach is to clarify the relationship between optimal audit
plans and audit environment.

V. CONCLUSION

Among major challenges faced by internal auditors are the
decisions on how frequently to audit a division, how to
schedule audit staff and how much audit resources to allocate
to each auditable unit. Over the past five decades several
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mathematical models have been developed to address these
issues and identify an optimal audit plan. This paper presents a
comprehensive survey of such models as well as the
assumptions behind them and their strengths and drawbacks.
The information in this paper should assist audit managers to
devise an optimal audit plan regarding internal audit timing,
the allocation of audit resources and the audit-staff scheduling.
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