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Abstract 

 
This study utilized a Linear Programming (LP) model for the assignment of internal audit staff to different audit 
projects with varying complexities and skill level requirements. Numerous auditor allocation studies proposed models 
that minimized the cost, however, since the internal audit function is not a revenue-generating function, the efficiency 
ratings of each audit staff were used and converted these into regrets ratings which were later on used as factors in 
solving this allocation problem. The Lingo 18.0 software was used to determine the proper allocation of audit staff 
that will maximize the audit efficiency for a mid-sized internal audit department. The results of this study were 
presented to the Director of the internal audit department who plans to use this model to get further insights on whether 
the model will be beneficial in optimizing the audit staff allocation as well as improve the overall quality and efficiency 
of the internal audit function as compared to the current traditional manual allocation process. 
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1. Introduction 
Internal auditing is an independent, objective assurance and consulting activity designed to add value to and improve 
an organization's operations. It helps an organization accomplish its objectives by bringing a systematic, disciplined 
approach to evaluate and improve the effectiveness of risk management, control and governance processes (ISPPIA, 
2017). With the recent advancement in technology, business operations have become more complex, regulations have 
become more rigorous and new risks have emerged. Because of these, coupled by the increasing professionalism of 
the internal audit profession, internal auditors are now under pressure to raise the bar of their audit quality. One of the 
keys to address this issue is the proper allocation of internal audit skills.   
 
The planning stage of internal audit is quite a complex process, hence, this is often handled by the more senior 
members of the internal audit team. This process predetermines the what, how, where, when and by whom the audit 
will be carried out to achieve its goals. In other words, audit planning is an anticipatory function that will ensure timely 
completion of tasks, with the least audit risk, cheapest cost and maximum possible quality and efficiency (Usul & 
Ünal, 2009). In order to do this, internal auditors must determine the appropriate and sufficient level resources to 
achieve the engagement objectives based on evaluation of the nature and complexity of each assignments, time 
constraints and available resources. Appropriate refers to the mix of knowledge, skills, and other competencies needed 
to perform the assignments. Sufficient refers to the quantity of resources needed to accomplish the assignments with 
independence, objectivity and due professional care. Resources are deployed effectively when they are used in a way 
that optimizes the achievement of the approved audit plan (Uyar & Yelgen, 2015) 
 
The allocation of internal audit resources is one of the critical parts that support the audit planning stage. Internal 
auditors spent a great deal of time and effort in this area. After all, improper allocation of resources, can lead to wastage 
of energy and manpower. If a wrong audit staff is allocated to an audit project, he/she can not only bring down the 
productivity but can also prolong the output time and affect the quality of the output. Therefore, it is extremely 
important to allocate the right audit staff to the right audit projects (Das, Verma & Gupta, 2017). Some of the criteria 
used to allocate internal audit staff include but not limited to the following: (i) available hours of each audit staff; (ii) 
estimated hours to complete each audit projects; (iii) complexity and level of risks involved in each audit area; (iv) 
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the staff position or skill levels required to audit a project; (v) the auditors cumulative knowledge and experience in 
each of the audit area; and (vi) the opportunity for personal and professional development of each audit staff.  
 
For most internal audit organizations, the task of audit staff allocation is traditionally done using a manual process. 
This sounds to be fairly straight-forward to a relatively small internal audit organization, however, this has been a 
challenge for medium and big internal audit organizations when the number of auditors and audit projects to be 
completed are taken into consideration. For mid-sized internal audit organizations, on average, this task alone normally 
requires around two to four days to complete. However, if subsequent changes are to be made, then this could be 
longer. For this reason, the use of mathematical methods such as linear programming for the allocation of audit staff 
is proposed. 
 
Past studies revealed that many mathematical models such as linear programming, integer and multiple objective 
linear programming and goal programming are used in audit task planning (Uyar & Yelgen, 2015). Edward L. Summer 
in 1972 worked on conforming with the limitations of an audit office and meeting the objectives of that office, to audit 
engagements by assigning the audit staff. In Summer’s study, linear programming model was described for the 
assignment problem (Summers, 1972. In 1974 Bailey, Boe and Schnack used goal programming instead of linear 
programming on audit staff assignment (Bailey, Boe & Schnack, 1974). Blocher (1979) on the other hand, examined 
the effect of different assignment strategies on audit staff performance. The intent was to determine the relationships 
between assignment policy and the performance of audit seniors (Blocher, 1979). In early 1980s, Balachandran and 
Zoltners (1981) designed an integer programming model to assign audit staff to audit engagements in the most 
effective way. The objective of the study was the minimization of total costs (Balachandran and Zoltners, 1981). Also 
in 1982, Balachandran and Steuer published another paper about CPA firm’s audit staff planning problem with 
multiple objectives. The results proposed recommendations about allocating the projected workload among the 
auditors and altering the staff levels (Balachandran and Steuer, 1982). Chan and Dodin (1986) extended the integer 
programming model presented by Balachandran and Zoltners (1981). Due dates, precedence constraints, penalty costs, 
resource levelling are added to old model (Chan & Dodin, 1986). In 1991 Chan and Dodin enhanced their study and 
described the methods to solve such a complex problem and applied these methods to a real-life audit schedule case 
(Dodin and Chan, 1991). Dodin (1999) also asserted that through efficient scheduling, audit firms can determine the 
load and schedule of every auditor, over time requirements, travel schedules and costs, and can respond to changes in 
the information set (input data) easily. Therefore, he proposed a model that used project management as assigning tool 
(Dodin, 1999). Chang (2002) introduced an approach in resolving audit staff scheduling for multiple and large 
engagements. The major advantage of the proposed method is solving staff resource allocation problems by alleviating 
the limitations of both linear and integer programming (Chang, 2002). Chen et. Al. (2012) investigated a model that 
aimed to assign auditors due to improving audit quality. They stated a genetic algorithm and optimally assigned 
auditors and the manager responsible for assignment (Chen, Huang & Suen, 2012). Ulyar and Yelgen (2015) 
developed a mathematical model assigning auditors to auditing activities through a linear programming model in a 
way to minimize the costs assuming that auditors with the same title have similar characteristics (Uyar and Yelgen, 
2015). 
 
Numerous auditor allocation studies proposed models that minimized the costs. However, since the internal audit 
function is not a revenue-generating function, the resource allocation problem for this type of organization is similar 
to the model made by Das et al (2017) where they converted each professors’ efficiency ratings into a regret matrix 
and used this as a factor in the allocation (Das, Verma and Gupta, 2017). Thus, this study aims to: 1) obtain an optimal 
solution in allocating internal audit staff in order to maximize the audit quality of the internal audit function; and 2) 
improve efficiency by reducing the time spent for resource allocation by using effective mathematical methods. 
 
2. Methodology 
2.1. Data Gathering 
The data for this study was collected from a mid-sized internal audit department. This internal audit department is 
composed of 11 internal auditors including five (5) senior auditors and six (6) junior auditors. During the period under 
study, the internal audit department is also expected to complete 37 audit projects based on their approved annual 
audit plan. 
 
2.2. Data Analysis 
2.2.1. Internal Audit Staff 
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As mentioned in 2.1 above, the internal audit department is composed of 11 auditors including 5 senior auditors and 
6 junior auditors. Senior auditors are those which have a total of at least five (5) years of working experience and have 
already handled complex assignments. Junior auditors have less than five (5) years of working experience and 
normally handles from low to moderate risks assignments. All internal audit staff are license professionals including 
Certified Professional Accountants, Certified Internal Auditors, Certified Fraud Auditors, etc. Table 1 shows the 
details of the internal audit staff and the available number of audit hours each staff can render. Note that the differences 
in the available hours are due to several factors such as staff taking long vacations, maternity leave and different start 
dates for new staff. 
 

Table 1: Details of the Internal Audit Staff 
 

 
 

2.2.2. Audit Projects 
The internal audit department is expected to complete 37 audit projects based on the approved annual audit plan for 
the year. These audit projects vary in terms of complexity and level of risks involved. As such, each audit projects 
require a certain level of skills or experience to ensure that expected efficiency and audit quality will be achieved. 
Estimated hours to complete for each audit projects are also set and used as benchmarks to measure efficiency. This 
also ensures adequate coverage of the internal audit activity. Table 2 shows a snapshot sample of the internal audit 
projects. In order to have a better visual idea as to who can do what project, a mapping of the internal audit staff to 
individual audit projects was created. With this mapping, it will be easier to translate the constraints into mathematical 
equation. Refer to Table 3 for the mapping of the audit staff to individual audit projects.  
 
Table 2: Details of the Internal Audit Projects    Table 3. Mapping of Internal Audit Staff to Individual Projects 
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2.2.3.Efficiency Ratings and Regrets Matrix 
 
Since the internal audit function is not a revenue generating function, the efficiency ratings of each audit staff will be 
used as the factor for this allocation problem. The overall efficiency rating was derived by taking the average of each 
auditor’s past performance evaluations for each projects handled, project knowledge and their overall performance 
feedback ratings (Das, Verma and Gupta, 2017). For new audit staff, the overall staff hiring assessment ratings 
gathered from the human resources department were used instead. Refer to Table 4 for the relative efficiency ratings 
of audit staff for each of the audit projects.  
 

Table 4: Audit Staff Efficiency Rating Table 
 

 
 
After an appropriate evaluation of each auditor’s ability to audit a certain project, an efficiency rating of 100 had been 
allotted. Since allocation problems usually deal with the minimization situations, the above maximization problem was 
reduced to a minimization problem by finding the regrets matrix, as shown in Table 5. 
 

Table 5: Regrets Matrix 
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2.3. Linear Programming 
 
As previously mentioned, the aim of the model is to allocate the internal audit staff that will maximize audit quality 
of the internal audit function, hence, this maximization problem was reduced to a minimization problem by finding 
the regrets ratings/costs for each audit staff. Based on this context, the objective function was formulated as follows: 
 
Minimize Z = 𝛴𝛴𝑖𝑖=1𝑛𝑛 𝛴𝛴𝑗𝑗=1𝑛𝑛 𝐶𝐶𝑖𝑖𝑗𝑗𝑋𝑋𝑖𝑖𝑗𝑗  
 
Subject to:  
 
                  𝛴𝛴𝑖𝑖=1  

𝑛𝑛 𝑋𝑋𝑖𝑖𝑗𝑗  ≤ 𝑎𝑎                  Minimum working hour constraints for each auditors 
 
            𝛴𝛴𝑗𝑗=1 

𝑛𝑛 𝑋𝑋𝑖𝑖𝑗𝑗  ≥ 𝑏𝑏                   Time constraints per audit assignments 
 
Where:  
          n   =  total number of audit staff/ audit projects 
          i    =  audit staff 
          j    =  audit projects 
         a    =  available working hours of each audit staff 
         b    =  the expected duration of audit for each audit projects 
        Xij  =  the assignment of auditor i to audit project j 
        Cij  =  the regret cost of assigning auditor i to project j  
 
3. Results 
 
In this study, the LP model was solved using LINGO 18.0 software. This minimization problem consisted of 242 
variables and 49 constraints. The objective function, which represents the total minimum regret that will maximize 
total audit efficiency, is equal to 222,478. This optimal solution was found after 69 iterations. The software was also 
able to compute for the optimal allocation in less than a second (10 milliseconds), a task, which is normally done in 
hours if not days using the traditional manual allocation. The screenshots of the results obtained and the solution for 
the allocation model are shown in Figure 1. 
 

 
 

Figure 1: Results of Solver Solution 
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The table results at individual variables are shown in Table 6. The table consists of the Variable or the staff 
assignments per audit project, Value, which is the number of audit hours a staff will have to spend in auditing the 
projects and Reduced Cost which is the equivalent regret cost for not assigning audit staff in a particular audit 
project. The table can be further interpreted as follows: assign audit staff #4 (X4) to audit project #1 for a total of 
768 hours, assign audit staff#2 (X2) to audit project#2 for a total of 864 hours, etc. 
 

Table 6. Results at Individual Variables 
 

 
 
Converting the results in Table 6 into tabular form, we can see in Table 7 that the model was able to allocate or at least 
suggest the level of hours that each audit staff will need to spend for each audit projects. A detailed analysis of the 
allocation reveals that for at least 76% of the audit projects (28 out of 37 projects), the assigned audit staff are those 
with the highest efficiency ratings or lowest regret ratings/costs. Total hours for each audit projects and audit staff 
were also met except for audit staff#9 (X9) whose allocated hours is 44 hours less than his projected hours. This is 
acceptable considering that the dataset used is imbalance by the same number of hours.  
 

Table 7: Tabular Presentation of the Linear Programming Model Results 
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Table 7: Tabular Presentation of the Linear Programming Model Results (continued) 
 

 
 
The model was also able to allocate an audit project to an audit staff (1:1 basis) for 29 out of 37 (78%) audit projects. 
The rest of the projects (22%) were allocated to two (2) or more internal audit staff. Based on further analysis, two (2) 
audit projects (Project#6 and Project#16) had hours allocated to three (3) audit staff (X1, X9 and X11) with around 
41, 22 and 54 hours, respectively.  
 
The analysis of the number of audit projects allocated for each audit staff reveals that senior auditors were allocated 
2-4 audit projects depending on their available time while for junior auditors, the allocated projects range from 3 to 7. 
For senior auditors, audit staff#X2 has the lowest number of assignments due to the fact that staff#X2 has the lowest 
number of available hours among all seniors. The rest of the seniors were allocated around 4 audit projects each. For 
junior auditors, audit staff# X6 and X11 got the lowest number of assignments at 3 projects each. However, in the 
case of staff#X6, further analysis shows that the lower allocation was not attributable to the low number of available 
staff hours but rather to the high hours required for each of the assignments allocated to staff#X6. The rest of the junior 
auditors were each allocated around 5 to 7 audit projects.  
 
In terms of the allocation based on the complexity of projects, generally the allocation was balanced except for 
staff#X8 and X9 which were allocated with higher moderate and low projects, respectively. This could indicate a 
possibility of having staff workload problems. Refer to Table 9 for the details of the number of audit project allocations 
per audit staff as well as the allocation based on the complexity of audit projects. 
 

Table 8. No. of Audit Assignments Based on Audit Complexity 
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4. Discussion 
The findings from this study suggest that an optimal solution in allocating internal audit staff that would maximize 
the audit quality of the internal audit function can be obtained and that efficiency can be achieved by using 
mathematical methods such as LP, in the allocation of internal audit staff. The results are consistent with the approach 
done by Das et al (2017) where they converted each professors’ efficiency ratings into a regret matrix and used this 
as a factor in allocating the professors to different courses with the objective of maximizing the educational quality of 
the department. 
 
In the case of assigning two or more staff to an audit project, this is considered acceptable because in reality, bigger 
audit projects can have two or more audit staff. According to Ulyar and Yelgen (2015), for a small scale auditing 
activity, a single auditor can conduct the whole audit activity. For audit activities in medium or large-scale, a larger 
teamwork is necessary for an efficient audit. However, careful consideration should be made to assess whether the 
audit staff will be able to contribute effectively particularly if the number of hours allocated is considered very low. 
As a suggestion, the internal audit management can consider allocating these hours to the other internal audit staff 
assigned in the same project (the staff will be required to render overtime work to cover for the additional hours) or 
consider the possibility of reducing the estimated hours required to complete the audit project. This assessment can 
also provide internal audit management a better insight as to whether the internal audit organization has adequate 
manpower resources for it to be able to deliver the expected audit outputs. 
 
5. Conclusion 
The allocation of internal audit resources continues to be a complex and critical process in achieving audit quality and 
efficiency. With the recent advancement in technology, new risks started to emerge which caused more complexities 
in business operations and regulatory requirements. As such, internal auditors are now under pressure to raise the bar 
of their audit quality to cope up with the fast face of this technological revolution. 
 
In this study, an LP model was used to obtain an optimal solution in allocating internal audit staff that would maximize 
the audit quality of the internal audit function. In addition, this new method significantly improved the time spent in 
the allocation of the internal audit resources, a process that normally takes hours if not days to complete using the 
traditional manual allocation process. The results of this study can be used to further assist internal audit management 
to assess whether the organization has sufficient manpower to deliver expected audit output, determine proper audit 
staff workload and the right mix of projects that would support the growth and development of each audit staff. Further, 
the efficiencies obtained from using this model can be used to other activities that could further add value to the 
company or organization as a whole. 
 
The results of this study were presented to the Director of the internal audit department who agreed to consider the 
use the mathematical methods in their next audit planning activity. The model allocation results will be observed 
further to see whether it will help in optimizing the audit staff allocation problem as well as improve the overall quality 
and efficiency of the internal audit function. 
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