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Abstract: All university departments must maximize their use of time and resources in order to
meet their goal with the least amount of waste. The existing system in a local university does not
implement the time equation and so the processing time determined is not in accordance with the
actual processing time of every activity. Thus, the present implementation in the organization does
not illustrate the correlation between the supplied resources and the practical capacity. The purpose
of this study was to build a new costing structure using time-driven activity-based costing for aca-
demic staff. This work considered annual Key Performance Indicator Analysis data for the year 2020
with 53 sub parameters; this was from an engineering faculty for lecturers in two different grades
with 12 and 27 samples, respectively. Eventually, there were 3 and 16 samples in grade DS45 and
DS51/52, respectively, that have an insufficient time capacity. The remaining samples in both grades
then had an unused time capacity, which ultimately resulted in unused cost capacity, also known
as waste cost. This work was able to discover the total amount of used time that results in used,
unused, or otherwise insufficient capacity, after analyzing the capacity cost using Time-Driven Ac-
tivity-Based Costing.

Keywords: time-driven activity-basedcosting; academic faculties; capacity cost rate; time equation;
forecasting; unused capacity

1. Introduction

Higher education is a place in which people aim to improve themselves [1]. More
than 20,000 academic institutions spread across 196 countries and regions are profiled in
the World Higher Education Database [2]. In addition to other things, the government
aims to see the nation focus less on foreign companies and more on establishing its own
capabilities in early research. To fulfil this objective, the Malaysian government has been
generous in funding graduate education. The Ministry of Higher Education (MoHE) des-
ignated five universities as research universities in 2008. MoHE also provided special
funding to assist those institutions in developing graduate-level research and teaching
infrastructure. The government raised financing to these five research universities by al-
most 71% in 2008 and 2009. The government has also allocated an incremental RM 500
million (approximately USD 117.19 million) to support graduate students [3].

Government officials and university academicians in Malaysia place a strong focus
on making significant investments in education as a way to develop a workforce that is
educated, which will then draw in outside investment. The nation’s economic growth
would thereafter be fueled by this foreign investment. The higher education system must
not only be excellent, but also widely regarded as outstanding by the global world in or-
der to accomplish these aims. The advantages of enhancing the higher education system
will only be realized when prospective students decide to attend school in Malaysia, when
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business and industry choose to relocate here, and when foreign investors recognize Ma-
laysia as a top-notch location for their venture. For this purpose, the government places a
great value on the reputation and credibility of Malaysian higher education abroad. The
most straightforward path to obtaining the required level of international recognition was
to encourage scholars to boost their publications in prestigious international journals; this
is because publication rates are a crucial component of all international ranking systems
[3]. When the cost of unused capacity is considered in capacity planning, the idle time of
valuable resources can be exploited more efficiently [4]. The current approach of the re-
searched university apparently does not implement a time equation, so the processing
time that is determined is not in accordance with the actual processing time of every ac-
tivity. Thus, the present implementation in the organization does not illustrate the corre-
lation between the supplied resources and the practical capacity.

2. Literature Reviews

According to Amiri and Khmidi (2019) [5], direct and indirect costs must both be
considered when calculating the costs of a product or service. Direct costs are defined as
“expenditures exclusively associated to a single product, operation, or cost department”
in the business terminology. These costs, also known as variable costs, include labor, ma-
terial, and fuel costs. They are predetermined for each manufacturing unit but vary in
response to adjustments in the total output. Indirect costs, on the other hand, are defined
as costs that cannot be associated with a specific expense, activity, or item. These expenses
are also known as fixed costs or overhead expenses, and include monthly or annual rents,
as well as charges for maintenance, security, and supervision [5]. The majority of busi-
nesses often evaluate their overhead costs for their products or services based on the num-
ber of units sold, direct labor costs, direct working hours, or machine production hours
[6]. Figure 1 illustrates Wilkinson’s explanation of common costing techniques.

Estimate Use labor Estimate Compute :
overhead hours as the labor Overhead Rate = Estimated
costs of the cost- hours. Overhead Costs + Total Direct
time driver. Labor Hours

Estimate : Compute :

Traditional Cost = Direct Material Overhead Costs = Direct

Costs + Direct Labor Costs + Labor Hours x Overhead Rate

Overhead Costs

Figure 1. Traditional costing accounting (TCA). Source: Wilkinson (2013) [6].

Despite the fact that traditional costing methods are simple to use, they are nonethe-
less thought to have a few drawbacks. The primary drawback is that it can only allocate
costs based on a single volumetric measure, such as direct working hours and machine
hours, and it is inaccurate when the overhead is high in comparison to the variable costs
[7]. An alternative to the traditional costing approach is known as Activity-Based Costing
(ABC). According to Kaplan and Burns (1987) [8], the original purpose of ABC was to
improve managers’ activities, which are clearly relevant to profits and have a significant
impact on company net incomes. In contrast to a conventional costing method, ABC iden-
tifies indirect expenses and assigns them based on the drivers of the activities to reduce
costs and increase the usage of assets. ABC offers managers the option to distinguish be-
tween activities at the unit, batch, product, and facility levels. As shown in Figure 2, Ed-
wards (2008) [7] described four methods for adopting ABC into practice.
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Direct, indirect, and general/administration costs
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4. Assign activity costs to outputs using activity drivers to assign activity costs to
outputs based on the consumption or demand for activities.

\

Figure 2. Implementation of ABC. Source: Edwards (2008) [7].

The ABC implementation comes with its own problems as a result of how individuals
create their ABC models. These difficulties arise when larger businesses, which require
more resources to complete this task, seek to continually use ABC. As a result, the ex-
pected ABC cost driver rates are typically higher than the actual capacity utilization. The
Time-Driven Activity-Based Costing (TDABC) model, which was later proposed by
Kaplan and Anderson (2004) [9], helps companies estimate the costs of each operation,
product, or consumer by using time as an activity cost driver and the frequency of an
activity to allocate resources to various cost centers. The TDABC is applied to evaluate the
resource needs for various programs for radiation fractionation treatment, as shown by
the analysis of Dziemianowicz et al. (2021) [10]. When health care is switched to value-
added care, TDABC can help uncover methods to reduce costs and increase clinical effi-
ciency. The TDABC approach builds on the conventional ABC while lowering application,
development, and execution costs and improving accessibility. Additionally, analytical
data from Mohsin et al. (2021) show that the combination of TDABC and lean manage-
ment principles has a considerable and substantial impact on choices about the product
mix [11].

When determining overall cost, TDABC was found to comply with the research in-
stitution’s real resource utilization in the library sector [12]. The research aimed to develop
a new costing system that would maximize the use of the capacity of the library system.
Thus, in this study, time-driven activity-based costing (TDABC) was applied in the library
of a local university. The TDABC was implemented across a number of phases. By utiliz-
ing process mapping and the recorded resources, all the activities and sub-activities were
specified. The time equation was then developed by first determining the cost driver in
relation to the operational costs. The total amount of time spent on the activity was then
determined. The total used capacity for each activity was determined by multiplying its
volume in a month by the amount of time it took to complete it. By evaluating the overall
cost of all the supplied capacities, as well as the capacity presently being utilized in the
production process, the capacity cost rate (CCR) was determined. In order to construct the
projection, unused capacity was assessed in terms of time and cost. Figure 3 shows that
only the electronic book in the local material had an insufficient capacity of 862.05 min,
whereas the other activities had unused capacity. With a total of 2725.03 min, overseas
material had the most underutilized capacity. This study identified which operations pro-
vide value and which may be scaled back to meet the capacity at hand.
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Unused capacity in acquisition center
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Figure 3. Unused capacity in acquisition center. Source: Zaini (2021) [12].

3. Materials and Methods

The TDABC incorporates a set of stages as shown in Figure 4. First of all, through
process mapping, all the parameters are described. The cost driver that is related to the
amount of time spent is then identified and the time equation is established. Then, by
analyzing the current costs and capacities in the service operation, the capacity cost rate
is determined. Finally, the forecast is constructed by estimating the unused capacity in
terms of time and cost .

Process Mapping Time Equation Capacity Cost Forecast Analysis
Description Selection of Estimation Analyzing of
of all cost driver of practical the unu.sed
activities capacity capacity
Elaboration Allocation of Estimation
of the the estimated of cost for
resources time the resources
used
Development \|/ -
of time Computation
equation of capacity
cost rate
V (CCR)
Calculation of \l/
used time Calculation
from each of total cost

Figure 4.

Data analysis of TDABC. Source: Zaini (2021) [12].
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3.1. Process Mapping

To develop a proper sequence of process mapping, all the activity centers, main ac-
tivities, and sub-activities are first defined. A process map is a strategy and management
tool that illustrates the flow of work from the broadest viewpoint to the degree of speci-
ficity needed to find possibilities for improved performance. Process mapping prioritizes
the task over hierarchies or job titles.

3.2. Time Equation

Once a thorough process map has been created, time equations should be generated
using the estimated time and cost driver volume for each sub-activity. The total time re-
quired to complete each task may be determined using the time equations. These data can
be gathered through academician interviews. The TDABC time equation is capable of
combining all the times required to complete all the sub-activities in each sample into a
single Equation (1), and the mathematical model that was involved in creating the TDABC
time equation is depicted below.

T, =ﬂ0+ﬂiXi (1)

where

T

, = the time needed to perform an activity (minute)

p, = the standard time to perform the basic activity (minute)
. = the estimated time to perform the incremental activity (minute)

X, = the quantity of the incremental activity (time)

3.3. Capacity Cost Rate

To begin calculating the cost of capacity, all expenses related to providing this re-
source are included. Additionally, the working hours of personnel and any expenses as-
sociated with providing the resources must be listed in order to compute the CCR. The
costs of labor and overheads are resources that are essential. The CCR is determined by
dividing the costs associated with it by the practical capacity it provides, which is often
expressed as an hourly or minutely cost. The following Equation (2) may be used to cal-
culate the capacity cost rate (RM per minute).

Cost of all resources supplied 5
Practical capacity (2)

Capacity cost rate =

3.4. Forecasting

The analysis of capacity utilization involves used and unused capacity, which are
associated with utilization costs and waste costs accordingly. When the total capacities
are multiplied with the CCR, the costs of utilization and waste may both be calculated.
The final phase in the TDABC approach is forecasting analysis, which is crucial as it de-
termines the optimum use of resources. It also plays a significant part in decision-making
actions, such as expanding the source of labor and removing unnecessary processes.

4. Results

This section discussed the analysis of TDABC in two different grades of lecturers,
which are DS45 and DS51/52.

4.1. Process Mapping

This analysis’s data are based on the evaluation of parameter KPIs, which are then
verified against the Human Resource Department of the university’s previously recorded
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data. The particular KPI is used to categorize all activities, and both grades employ a sim-
ilar process mapping. There are 53 sub-activities in addition to the 8 main ones. Figure 5
details the entire procedure.

Start

End

Postgraduate Undergraduate International ISI/'WoS I18I/'WoS SCOPUS SCOPUS
with IF without IF Journal proceeding
Undergraduate Master PhD Internal National 1\ )r‘
Non- Non-
|\__’1 /I\_ ) indexed  —>  indexed > };f_d”l_e
proceeding peer- publication
>) Teaching Supervision Grant Publication reviewed
& learning
Colmjmittele ! . Social / Attitude / Consultancy /
< a.d.num?tratllon / community f&—] Training/ Advisory / Tnternal S National > National
contribution service Teamwork Award consultation consultation exhibition
MR VITT ¥l | | | o
| | \J/ ‘ International > International
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bil - National ]nFe_mal st Rational 1o _ consultation academic I Natmnz!l
speaker speaker facilitator odi N academic
post litor | award award
| 1V Vi | v ; vl \ :
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International National Internal Task BOD ISWosS = thes_' § »  International . Tnternal
speaker facilitator training force reviewer Examiner exhibition academic
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meeting meeting meeting reviewer reviewer judge judge

Figure 5. Process mapping.

4.2. Time Equation
4.2.1. In DS45

To determine the estimated used time, a time equation must be created. Based on the
concepts of the Motion and Time principle, the estimated amount of time spent for each
parameter is calculated. The TDABC time equation can incorporate all of the time required
to complete each sub-parameter in a given sample in a single equation. The time equation
used to determine the overall amount of time spent in DS45 is displayed in Table 1.

Table 1. Time equations for DS45.

Sample Time Equations
1. 9Xi+ 7X3+ Xe+ 3X15+ 20X16 + 15X34 + 2X38+ X39+ Xa1 + Xas+ Xa9
2. 24X1+ 5X3+ Xo+ X1+ X1a+ X7+ 2Xo6+ 3X38+ Xz9+ 4Xa1+ 3Xas+ 2X51
3. 14X1+ 2X3+ X12+ 3X39 + 2Xa9+ Xs0+ 5X51
4. 22X1+ 5X5+ X114+ 12X16+ 2Xz9+ Xs1
5. 7X1+ 2X3+ X7+ X1z + X17+ Xas + X3z9+ Xao+ Xs1
6. 12X1+ 5X3+ Xis+ 2X17+ Xas + X3+ 2X39 + Xao+ Xa1 + Xag+ 2X49+ 2X51
7. 12X1+ 2X3+ X7+ 21 X16+ Xas+ Xa1 + Xs1
8. 22X1+ X1+ 12X16+ 2X39+ Xs1
9. 12X1+ 2X3+ Xe+ 17X16+ Xz0+ Xs1 + 3X39+ 2X41 + 6 Xas+ Xag+ 13 X51
10. 8Xi1+ 2X3+ 27Xi16+ Xas+ Xao+ Xs1
11 8Xi1+ 2X3+ X7+ 18Xi16+ Xao+ X9+ 2Xas + 2Xs1

7X1+ 4X3+ X11+ 15X16+ Xas + X390+ 4X51

—_
Moy
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After the time equations are created, the actual used time for each sample is obtained
by multiplying the quantity of the round spent for each activity per year by the total time
taken for every round. As an example, Table 2 shows the total used time for sample 2 and
5 from the 12 overall samples, as they have the lowest and highest used times, respec-

tively.

Table 2. Total used time for sample 5 and 10 of DS45.

Qumtty ows T
Driver Cost Driver Activities/Parameters /Yﬁzéll; /Quanti(tzy)r )
1 x(2)=B)
Sample 2 5 2 5 2 5
Teaching and learning
X hours/credit Undergrad teaching 24 7 18 18 432 216
X2 hours/credit Postgrad teaching 0 0 18 18 0 0
Supervision
X3 hours/student ~ Undergrad supervision 5 2 28 28 140 56
Xa hours/student ~ Master supervision 0 0 0 0 0 0
Xs hours/student  PhD supervision 0 0 0 0 0 0
Grant
Xe hours/grant Internal grant 1 0 20 20 20 0
X7 hours/grant National grant 0 1 20 20 0 20
Xs hours/grant International grant 0 0 0 0 0 0
Publication
Xo hours/publication ISI/WoS publication with IF 0 0 30 30 0 0
X10 hours/publication ISI/WoS publication without IF 0 0 30 30 0 0
Xu  hours/publication SCOPUS journal 0 0 30 30 0 0
X2 hours/publication SCOPUS proceeding 0 0 30 30 0 0
X3 hours/publication Non-indexed peer-reviewed 1 1 20 20 20 20
Xu  hours/publication Non-indexed proceeding 1 0 20 20 20 0
Xis  hours/publication Module publication 0 0 60 60 0 0
Consultancy/advisory/awards
Xi6 hours/student  Internal consultation 0 0 28 28 0 0
X7 hours/consultation National consultation 1 1 9% 96 96 96
X8  hours/consultation International consultation 0 0 0 0 0 0
X9 hours/award  Internal academic award 0 0 0 0 0 0
Xa0 hours/award National academic award 0 0 0 0 0 0
X21 hours/award International academic award 0 0 0 0 0 0
X22 hours/award National exhibition award 0 0 0 0 0 0
X23 hours/award International exhibition award 0 0 0 0 0 0
Xoa hours/thesis Master thesis examiner 0 0 0 0 0 0
Xo5 hours/thesis PhD thesis examiner 0 0 0 0 0 0
X26 hours/book Book editor 2 0 10 10 20 0
X2z hours/publication Journal editor 0 0 0 0 0 0
X2s  hours/publication Proceeding editor 0 0 0 0 0 0
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X29 hours/publication ISI/WoS journal reviewer 0 0 8 8 0 0
Xs0 hours/publication SCOPUS journal reviewer 0 0 8 8 0 0
Xs1  hours/publication Non-indexed journal reviewer 0 0 8 8 0 0
X32 hours/session  International judge/evaluator 0 0 0 0 0 0
X33 hours/session ~ National judge/evaluator 0 0 8 8 0 0
X34 hours/session ;2;?2?}1;51 (;it()g:ad proposal de- 0 0 2 2 0 0
Attitude/training/teamwork
Xss hours/position  Rational post 0 0 0 0 0 0
X6 hours/position ~ Board of director (BOD) 0 0 0 0 0 0
Xaz hours/position ~ Secondment 0 0 384 384 0 0
Xas hours/position  Task force 3 1 384 384 1152 384
X39 hours/position =~ Committee 1 1 384 384 384 384
Social/community service
Xao hours/program  CSI 1 8 8 0 8
Xa1 hours/program  CSR 4 0 15 15 60 0
Committee/administration
/contribution
Xa hours/program  Internal speaker 0 o 3 3 0 0
Xa3 hours/program  National speaker 0 0 3 3 0 0
Xaa hours/program International speaker 0 0 0 0 0 0
Xa5 hours/program  Internal facilitator 0 0 0 0 0 0
Xa6 hours/program  National facilitator 0 0 40 40 0 0
Xaz hours/program International facilitator 0 0 0 0 0 0
Xas hours/program  Internal training/seminar 3 0 8 8 24 0
Xag hours/program  National training/seminar 0 0 24 24 0 0
Xs0 hours/program  International training/seminar 0 0 24 24 0 0
Xs1 hours/program  Internal meeting 2 1 4 4 8 4
Xs2 hours/program  National meeting 0 0 4 4 0 0
Xs3 hours/program International meeting 0 0 0 0 0 0

TOTAL

2376 1098

The total used time can be determined by substituting the value of the cost drivers,

which is hours/quantity, from Table 2 into time equations from Table 1. As an example,
the total used time from sample 2 and 5 are, accordingly, shown below:

The total used time in sample 2

= (24 x18) + (5% 28) + (1x 20) + (1 20) + (1x 20) + (1x 96) + (2 x 10) +
(3x384) + (1x384) + (4x15) + (3% 8) + (2 x 4) 3)

=2376 h/year

The total used time in sample 5 4)
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=(7x18)+(2x28)+(1x20)+(1x20)+(1x96) + (1x384) + (1x384) +
(Ix8)+(1x4)

=1098 h/year

4.2.2.In DS51/52

The time equations to calculate the total used time in DS51/52 are presented in Table
3, as shown below.

Table 3. Time equations for DS51/52.

Sample Time Equations

1.
2.
3.

10.

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
27.
28.

21X1+ 6X3+ 3Xa+ 3Xe+ X7+ 2X12+ X1+ X1+ Xoa+ 7X3s+ 2X39 + Xao+ Xas+ Xs0+ 2X51
14X1+ 5X3+ 3Xa+ Xo+ 2X7+ 3X12+ X7+ Xa2+ 4 X3+ 2X39 + 2X40+ 4 X51

11Xa+4X3+ 3Xa+ X5+ Xe+ 2X7+ 2Xi12+ 2X13+ X177+ Xoa+ X3+ Xao + Xae + 3Xas + Xao +
8X51+ 3Xs52

16X1+ 11Xs+ X7+ 6X12+ 2X15+ 2X17+ X19+ Xoo+ X2z + Xaa+ Xo7+ Xzo+ Xas+ 2Xz0+
Xao+ Xas+ Xs0+ 3Xs51 + Xs2

8X1+ 5Xa+ 13Xe+ X7+ 18X12+ 13X13+ 4Xss+ 7Xas + Xs1

14X1+ 8X3+ 8Xe+ 4X7+ Xiz+ Xaz2+ X33+ Xz9+ Xao+ Xas + Xae+ 7X51 + X2

32X1+ 4X3+ 4Xa+ 3X5+ X+ 3X7+ 2X11 + X1z + X1z + 2X15+ X6+ 3X17+ Xoe+ 4 X33+
3X38+ 6X39+ Xa1+ 3Xas+ 12X51

26X1+ 4X3+ 3Xa+ Xe+ 5X11+ 16X12+ 14X13+ X1+ Xo7 + 2X38 + 4 X390+ Xao+ 4 X51
18Xi+ 8Xs+ 2Xa+ 3 X6+ 2X7+ Xo+ Xi2+ 3X13+ 2X20+ Xz0+ 7X3s+ 4X39+ Xa0+ 6Xas +
Xa9+ 4Xs1

19X1+ 3Xs5+ 4Xa+ X5+ 3Xe+ 2X7+ 3X12+ 5X13+ 2X15+ Xa7+ 6Xz0+ 3X39 + 2Xa0+ Xas +
Xa9+ Xs0+ Xs1

26X1+ 5X3+ 3X4+ 5X12+ 2Xi3+ Xis+ Xa2+ 3Xaa + Xs0+ Xs1

10X1+ 3Xa+ X5+ Xe+ 9Xiz+ Xis+ X7+ 2Xs8 + Xao + 4 X51+ Xs2

14X1+ 19Xs+ 2Xa+ 2Xe6+ X12+ 19X16+ 2X38 + Xa1+ 3 Xas + Xs1

2X3+ 2Xa+ Xo+ 2X7+ Xiz2+ 2X33+ 7Xza+ 2X39+ Xas+ 2X51

9X1+ 4X3+ 2Xa+ Xe+ 2X7+ Xi2+ Xie+ Xoz+ 4Xa1+ 2X38+ X3+ 2Xa1+ Xas+ 2X51
12X1+ 6X3+ 2Xa+ Xo+ 2Xi12+ 23X16+ 2X30+ X314+ 3Xss+ 4X39 + Xa1+ 2Xas + 5X51
9Xi+ 4Xs+ 2Xa+ X+ 2X7+ X11+ X2+ Xie+ Xoa + X0+ X31+ 5Xz8+ X390+ 4 X51

8X1+ 8Xs+ Xa+ X5+ 6Xa+ 2X12+ 2X38+ Xz9+ Xa1+ 6X51

9X1+ 4Xs+ 4Xa+ 2X7+ X2+ 2X13+ Xi7+ 4 X351 + X39+ Xa1 + 4X51

14X1+ 10Xs+ Xa+ X5+ Xe+ Xo+ X11+ X5+ Xi7+ 2Xzs+ 2Xa1

13Xi+ 7Xs+ Xa+ 4Xe+ 2X7+ Xo+ 5X11+ Xi2+ 10Xi16 + 3X3s+ 3X41 + Xag + 3X51
6X1+4X3+ 2X4+ 2X5+ Xo+ 2X7+ 6X12+ 2X33+ X8+ Xa1+ 5Xs1

12X1+ 3X5+ 3Xa+ 2X7+ Xiz+ 24X16+ 2X3s+ Xa1+ Xas+ Xs1

22X1+ 5X3+ 2Xa+ 3X5+ Xo+ X11+ Xiz+ 25X16+ X17+ 2X24 + 7 X390+ Xa1 + 3X51

12X1+ 5X3+ 2Xa+ 2Xe+ X7+ 4Xi12+ 3X22+ X9+ 3X41 + 2X51

29X1+ 4X3+ 3Xe+ 3Xi15+ Xie+ X19+ 2X38+ 5X39 + Xa1

7X1+ 5Xs+ 2Xa+ 2X12+ 27Xi6+ 2X27+ 7Xs1 + 2X38+ 3X39 + 5Xa8 + 3X51

After the time equations are created, the actual used time for each sample is obtained
by multiplying the quantity of the round spent for each activity per year by the total time
taken for every round. As an example, Table 4 shows the total used time for sample 7 and
14 from the 27 overall samples, as they have the highest and lowest used times, respec-

tively.
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Table 4. Total used time for samples 7 and 14 of DS51/52.

Quantity Hours (I;Jszfs;rYiZi
Driver Cost Driver Activities/Parameters /Yeg; /Quanti(tzy)r )
M x(2)=B)
Sample 7 14 7 14 7 14
Teaching and learning
X hours/credit Undergrad teaching 32 0 18 18 576 0
X2 hours/credit Postgrad teaching 0 0 18 18 0 0
Supervision
X3 hours/student ~ Undergrad supervision 4 2 28 28 112 56
Xa hours/student =~ Master supervision 4 2 48 48 192 96
Xs hours/student ~ PhD supervision 3 0 48 48 144 0
Grant
Xe hours/grant Internal grant 1 1 20 20 20 20
X7 hours/grant National grant 3 2 20 20 60 40
Xs hours/grant International grant 0 0 0 0 0 0
Publication
Xo hours/publication ISI/WoS publication with IF 0 0 30 30 0 0
X hours/publication ISI/WoS publication without IF 0 0 30 30 0 0
Xn  hours/publication SCOPUS journal 2 0 30 30 60 0
X1z hours/publication SCOPUS proceeding 1 1 30 30 30 30
X3 hours/publication Non-indexed peer-reviewed 1 0 20 20 20 0
Xu  hours/publication Non-indexed proceeding 0 0 20 20 0 0
Xis  hours/publication Module publication 2 0 60 60 120 0
Consultancy/advisory/awards
Xi6 hours/student  Internal consultation 1 0 28 28 28 0
X1z hours/consultation National consultation 3 0 9% 9 288 0
X8  hours/consultation International consultation 0 0 9% 96 0 0
X9 hours/award  Internal academic award 0 0 8 8 0 0
X20 hours/award National academic award 0 0 8 8 0 0
X21 hours/award International academic award 0 0 0 0 0 0
X22 hours/award National exhibition award 0 0 8 8 0 0
X23 hours/award International exhibition award 0 0 0 0 0 0
Xoa hours/thesis Master thesis examiner 0 0 12 12 0 0
Xo5 hours/thesis PhD thesis examiner 0 0 12 12 0 0
X26 hours/book Book editor 1 0 10 10 10 0
X2z hours/publication Journal editor 0 0 0 0 0 0
X2s  hours/publication Proceeding editor 0 0 0 0 0 0
X29  hours/publication ISI/WoS journal reviewer 0 0 8 8 0 0
Xs0  hours/publication SCOPUS journal reviewer 0 0 8 8 0 0
Xs1 hours/publication Non-indexed journal reviewer 0 0 8 8 0 0
Xs2 hours/session International judge/evaluator 0 0 0 0 0 0
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X33 hours/session ~ National judge/evaluator 4 2 8 8 32 16
Xs4 hours/session ;2:1?2?/1451 oastt(;g:ad proposal de- 4 7 2 2 8 14

Attitude/training/teamwork
Xs5 hours/position ~ Rational post 0 0 0 0 0 0
Xs6 hours/position ~ Board of director (BOD) 0 0 0 0 0 0
Xs7 hours/position ~ Secondment 0 0 384 384 0 0
Xss hours/position  Task force 3 0 384 384 1152 0
X9 hours/position =~ Committee 6 2 384 384 2304 768

Social/community service
Xao hours/program  CSI 0 0 8 8 0 0
Xa1 hours/program  CSR 1 0 15 15 15 0

Committee/administration

/contribution
Xaz hours/program  Internal speaker 0 0 0 0 0 0
Xu hours/program  National speaker 0 0 0 0 0 0
Xu hours/program  International speaker 0 o 3 3 0 0
Xas hours/program  Internal facilitator 0 0 40 40 0 0
Xas hours/program  National facilitator 0 0 40 40 0 0
Xaz hours/program International facilitator 0 0 0 0 0 0
Xas hours/program  Internal training/seminar 3 3 8 8 24 24
Xa9 hours/program  National training/seminar 0 0 24 24 0 0
Xs0 hours/program International training/seminar 0 0 24 24 0 0
Xs1 hours/program  Internal meeting 12 2 4 4 48 8
Xs2 hours/program  National meeting 0 0 4 4 0 0
Xs3 hours/program  International meeting 0 0 0 0 0 0

TOTAL 5243 1072

The total used time can be determined by substituting the value of the cost drivers,

which is hours/quantity, from Table 4 into time equations from Table 3. As an example,
the total used time from sample 7 and 14 are, accordingly, shown below.

The total used time in sample 7

= (32x18) + (4% 28) + (4 x 48) + (3x 48) + (1 20) + (3% 20) + (2 x 30) +
(1x30) + (1x20) + (2% 60) + (1% 28) + (3% 96) + (1x10) + (4x 8) + (4x2) +  (5)
(3%384) + (6x384) + (1x15) + (3x 8) + (12 x 4)

= 5243 h/year

The total used time in sample 14

= (2% 28) + (2% 48) + (1 20) + (2 x 20) + (1x 30) + (2 x 8) + (7 x 2) + (6)
(2x384) + (3% 8) +(2x4)
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=1072 h/year

4.3. Capacity Cost Rate

Furthermore, in order to calculate the total cost utilized, the capacity cost rate (CCR)
is multiplied by the total used time for each activity. In order to determine the CCR, the
practical capacity and all the costs involved in supplying the resources need to be identi-
fied. The CCR is calculated by dividing its involved costs by the practical capacity it sup-
plies, usually as an hourly or a minutely cost. The CCR (RM per minute) can be obtained
using the previously shown Equation 2.

Cost of all resources supplied

Capacity cost rate = : : 2
pacty Practical capacity @

In the meantime, based on employee work hours, estimates of the practical capacity
have also been made. The general working hours of lecturers are subject to the govern-
ment’s service circular, which is issued by the public service department (JPA). The official
working times are 8 a.m. to 5 p.m., on average, from Monday to Friday, on a 22-day basis.
There are 10% deductions for breaks or leave and another 10% for training and workshops
from these working hours, meaning that employees have an acceptable capacity of 1920 h
each per year. In this study, samples from 12 academic staff of grade D545 and 27 aca-
demic staff of grade DS 51/52 are discussed.

Based on the types of resources required for each activity, the costs are distributed.
These are split into two categories: labor costs and overhead expenses, such as office sup-
plies and material expenditures. Costs for the studied year are those that are included in
this research. The labor costs are determined by the public service department’s (JPA) sal-
ary chart, which is based on the staff’s present grades. The costs are gathered from the
recorded data in the HR Department. However, describing the actual overhead expenses
in the academic profession is quite obscure. The other costs, which are not included in this
sub-chapter, are based on the supposition that they will not change in either the present
or the future. Therefore, in this research, the cost of the resources provided is limited to
labor expenses.

Malaysian government personnel are all entitled to a basic salary of RM 1,200, with
different minimum salaries and annual increments according to their grade. According to
the Minimum-Maximum Wage Table (JGMM) for management and professional educa-
tional services updated in 2016 by the JPA, grade DS45 shall receive RM 3,070, while grade
DS51/52 will receive RM 5,855 as their salary.

4.3.1. In DS45

For all 12 samples in DS45, the cost of all the resources (labor cost) and the practical
capacity are same. By using Equation 2, the labor cost of RM 36,840 was divided by the
practical capacity of 1920 h. Therefore, the CCR for all 12 samples is also similar, which is
RM 19.19 per hour. Table 5 explains the total costs for DS45. The total cost can be calcu-
lated when the used time is multiplied by the CCR.

Table 5. Total costs for DS45.

Sample Used Time (Hours/Year) CaPaCIt}(’RCl\(E;II;rj Total (IIJ{SI::IC}Y(;:‘;
1 2347 19.19 45,033.06
2 2376 19.19 45,589.50
3 1582 19.19 30,354.63
4 1674 19.19 32,119.88
5 1098 19.19 21,067.88
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6 1857 19.19 35,631.19
7 1283 19.19 24,617.56
8 1534 19.19 29,433.63
9 2090 19.19 40,101.88
10 1728 19.19 33,156.00
11 1140 19.19 21,873.75
12 1472 19.19 28,244.00

For example, insample 5, the total used time can be represented by 1098 h per year.
When multiplied by the CCR of RM 19.19 per hour, it can be determined that the total cost
of this sample comes out as RM 21,067.88 per year. Sample 5 has the lowest total cost
because it has the lowest used time. By adding all the total costs from each sample to-
gether, the total cost for DS45 is RM 387,222.96.

4.3.2.In DS51/52

The cost of resources (labor cost) and the practical capacity are the same for all 27
samples in DS51/52. By using Equation 2, the labor cost of RM 70,260 was divided by the
practical capacity of 1920 h. Therefore, the CCR for all 27 samples is RM 36.59 per hour.
The entire expenditures for DS51/52 are shown in Table 6. When the time consumed is
multiplied by the CCR, the total used cost may be determined.

Table 6. Total used costs for DS51/52.

Sample Used Time (Hours/Year) Capac1t)(7R(;\(;j;II;zie; Total (IIJ{S;[(/lYCeZi;
1 4514 36.59 165,184.19
2 3024 36.59 110,659.50
3 1294 36.59 47,352.31
4 2362 36.59 86,434.44
5 3060 36.59 111,976.88
6 1266 36.59 46,327.69
7 5243 36.59 191,861.03
8 4010 36.59 146,740.94
9 5212 36.59 190,726.63
10 2354 36.59 86,141.69
11 1075 36.59 30,921.72
12 1524 36.59 55,768.88
13 2293 36.59 83,909.47
14 1072 36.59 31,031.50
15 1722 36.59 63,014.44
16 3967 36.59 145,167.41
17 2868 36.59 104,950.88
18 1795 36.59 65,685.78
19 1119 36.59 29,311.59
20 1662 36.59 60,818.81
21 2305 36.59 84,348.59
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22 1087 36.59 30,482.59
23 1981 36.59 72,492.22
24 4413 36.59 161,488.22
25 1093 36.59 30,263.03
26 3617 36.59 132,359.59
27 3208 36.59 117,392.75

The total time used in sample 7 can be represented by 5243 h per year. The total cost
of this sample equals RM 191,861.03 per year when multiplied by the CCR of RM 36.59
per hour. Due to possessing the highest usage of time, sample 7 had the highest total cost.
The overall cost for DS51/52 is RM 2,498,108.94 when the all the costs for each sample are
added together.

4.4. Forecast Analysis

This approach to planning capacity subsequently breaks down into three stages.
These are the identification of the service-level demands, the assessment of the capacity
at the moment, and the forecast for the future. There are three processes in this early
phase: defining workloads, figuring out the unit of work and establishing the service
standards. In order to assess the capacity and thus examine every workload and system
as a whole, the present production schedule has been analyzed.

4.4.1. In DS45

The forecasting plan is developed as the last stage, in order to determine the amount
of incoming work anticipated during the upcoming year. Table 7 displays the capacity
utilization analysis for grade DS45.

Table 7. Analysis of capacity utilization for DS45.

(I:’:;c:z::; Used Time Unused Time C(i)asrt,e;{callz Used Cost Umés:::
Sample (Hours) (Hou:;; (Houfi; (_3:;) (RM/Hour) ( 2)(51::; (RM)
1) 4) (3) x (4)

1 1920 2347 -427 19.19 45,033.06  -8193.06
2 1920 2376 -456 19.19 45,589.50  -8749.50
3 1920 1582 338 19.19 30,354.63 6485.38
4 1920 1674 246 19.19 32,119.88 4720.13
5 1920 1098 822 19.19 21,067.88  15,772.13
6 1920 1857 63 19.19 35,631.19 1208.81
7 1920 1283 637 19.19 24,617.56  12,222.44
8 1920 1534 386 19.19 29,433.63 7406.38
9 1920 2090 -170 19.19 40,101.88  -3261.88
10 1920 1728 192 19.19 33,156.00 3684.00
11 1920 1140 780 19.19 21,873.75  14,966.25
12 1920 1472 448 19.19 28,244.00 8596.00

This work was able to discover the unused time that results in unused costs or oth-
erwise insufficient costs after analyzing the capacity cost using TDABC. Due to the iden-
tical CCR values in each sample, the insufficient cost was reflected in parallel with the
insufficient time. Three of the samples, sample 1, 2 and 9, had no unused capacity, but had
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an insufficient capacity of time. The remaining nine samples, sample 3, 4, 5, 6, 7, 8, 10, 11
and 12, then had wasted time capacity; this ultimately resulted in the unused capacity of
cost, commonly known as waste capacity.

For 12 samples of DS45, Figure 6 compares the practical capacity of time with used
cost, and unused time with unused cost. First of all, sample 5 has the least amount of time
used (1.098 h) compared to its 822 h of unused time. Low capacity utilization rates lead to
low capacity expenditures. Due to its large unused time capacity, this sample has the high-
est unused cost, which is RM 15,772.13. It is possible to conclude that sample 5’s perfor-
mance was poor because it did not make full use of the available practical capacity.

HOURS

2500

2000

1500

1000

500

_500

-1000

Sample
1

Sample
2

Grade DS45
50,000
w 40,000
5
N
| 30,000
. AU,00U
5
5
\
w 20,000 =
20,000 =]
A .
-
10,000
*
-
Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample
3 4 5 6 7 8 9 10 11 12
0
-10,000
Practical capacity (hours) Unused time (hours) Used cost (RM) Unused cost (RM)

Figure 6. Capacity utilization in DS45

Next, sample 6 has the closest quantity of used time (1857 h) to the practical capacity
of 1920 h. It has an unused time of 63 h. This sample has an unused capacity of cost of RM
1,208.81. As it did fully utilize the provided practical capacity of 1920 h, the quality of the
performance of sample 6 can be regarded as moderate.

Then, sample 2 has the highest used time (2376 h) among the other 11 samples. It has
no unused time but has an insufficient capacity of time (456 h). The present, which has an
insufficient capacity of time, will result in the existence of an insufficient capacity of cost.
This sample has an insufficient capacity of cost of RM 8749.50. As this sample did fully
utilize and exceed the provided practical capacity of 1920 h, the quality of the performance
of sample 2 can be regarded as good.

4.4.2.In DS51/52
The analysis of capacity utilization for DS51/52 is shown in Table 8.

Table 8. Analysis of capacity utilization for DS51/52.

g:ac:l::ﬂ Used Time Unused Time C(i) asIt’i;{C;Z Used Cost Umés;!sc:

Sample pacity (Hours) (Hours) (3) = (RM)
(Hours) @) 1) - @) (RM/Hour) @) x (@) (RM)
(1 @) (3) x (4)

1 1920 4514 -2594 36.59  165,184.19 -94,924.19
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2 1920
3 1920
4 1920
5 1920
6 1920
7 1920
8 1920
9 1920
10 1920
11 1920
12 1920
13 1920
14 1920
15 1920
16 1920
17 1920
18 1920
19 1920
20 1920
21 1920
22 1920
23 1920
24 1920
25 1920
26 1920
27 1920

3024
1294
2362
3060
1266
5243
4010
5212
2354
1075
1524
2293
1072
1722
3967
2868
1795
1119
1662
2305
1087
1981
4413
1093
3617
3208

-1104
626
—442
-1140
654
-3323
-2090
-3292
-434
845
396
-373
848
198
-2047
-948
125
801
258
-385
333
-61
—-2493
827
-1697
-1288

36.59
36.59
36.59
36.59
36.59
36.59
36.59
36.59
36.59
36.59
36.59
36.59
36.59
36.59
36.59
36.59
36.59
36.59
36.59
36.59
36.59
36.59
36.59
36.59
36.59
36.59

110,659.50
47,352.31
86,434.44

111,976.88
46,327.69

191,861.03

146,740.94

190,726.63
86,141.69
39,338.28
55,768.88
83,909.47
39,228.50
63,014.44

145,167.41

104,950.88
65,685.78
40,948.41
60,818.81
84,348.59
39,777 41
72,492.22

161,488.22
39,996.97

132,359.59

117,392.75

-40,399.50
22,907.69
-16,174.44
-41,716.88
23,932.31
-121,601.03
-76,480.94
-120,466.63
-15,881.69
30,921.72
14,491.13
-13,649.47
31,031.50
7245.56
-74,907 41
-34,690.88
4574.22
29,311.59
9441.19
-14,088.59
30,482.59
—2232.22
-91,228.22
30,263.03
-62,099.59
-47,132.75

Similar to the forecast analysis of the D545, the insufficient capacity that is reflected
in parallel with the insufficient time, due to there being no difference, varies the CCR of
each sample. Samples 3, 6, 11, 12, 14, 15, 18, 19, 20, 22 and 25 are the only eleven samples
that have unused time capacity; this ultimately results in unused cost capacity, also known
as waste cost. Then, the remaining 16 samples have an insufficient capacity of time.

For 27 samples of DS51/52, Figure 7 compares practical capacity with used time, and
unused time with unused capacity of cost. Firstly, sample 14 has the smallest amount of
used time (1072 h) compared to its 848 h of unused time. Low capacity utilization rates
correspond to a low capacity of cost. Due to its high unused time capacity, this sample has
the highest unused cost (RM31,031.50). Given that the practical capacity was not com-
pletely utilized, sample 14’s performance can be considered as being of poor quality.
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Figure 7. Capacity utilization in DS51/52.

In addition, sample 23 has the closest quantity of used time (1981 h) to its practical
capacity of 1920 h. It has 61 h of insufficient time, which results in a small amount of in-
sufficient capacity of cost, with RM 2,232.22. As it has a small amount of extra used time
compared to the provided 1920 h, sample 23’s performance quality may be regarded as
moderate.

Then, sample 7 has the highest used time (5243 h) among the other 26 samples. There
is no unused time, yet there is insufficient time available (3323 h). The current insufficient
time capacity will lead to the presence of a lack of cost capacity. This sample has an insuf-
ficient capacity of cost of RM 121,601.03. Given that this sample did fully utilize and ex-
ceed the 1920 h practical capacity that was provided, sample 7’s performance quality may
be regarded as being good.

5. Discussion

The TDABC approach is crucial to this exhaustive analysis since it involves two es-
sential components of data in order to determine whether there is any unused capacity:
time and cost. First and foremost, it takes time to determine the ideal staff ratio for each
activity and organization. Furthermore, it is crucial to identify unwanted waste costs and
develop strategies to reduce or eliminate them [9].

For each new member of academic staff, the candidate will need to undergo a series
of interviews according to their possible grade. After managing to obtain the position,
they must accomplish the related tasks to the minimum standard according to the annual
work target for academic staff. The current practice used to measure the existing unused
capacity, specifically in the mentioned engineering faculty, refers to the evaluation of the
KPIs. For parameter 1, which is teaching and learning, both DS45 and DS51/52 need to
accomplish more than or equal to five credit hours per year. Next, for parameter 2, which
signifies supervision, DS45 staff need to have more than or equal to two undergraduate
students, while DS51/52 staff need two undergraduate students and more than or equal
to two postgraduate students. Then, in parameter 3, both grades need to have one research
grant; however, DS51/52 staff need to also apply for a new grant within that year. In ad-
dition, for parameter 4, which indicates publication, both grades need to have at least two
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SCOPUS or ISI indexed for journal publication. As another option, if they do not fulfill the
journal publication requirement, DS45 staff may opt to publish one module and DS51/52
staff may opt for two modules. Afterwards, parameter 5, 6, 7 and 8 express consultancy
or advisory or award, attitude or training or teamwork, social or community service, and
committee or administration or contribution, respectively. These four parameters require
all academic staffs to attend at least one program throughout the year.

TDABC is a relevant method for enumerating the existing unused capacity in the
academic sector. In this work, the final outcomes of unused capacity are in the form of
quantity and the activities the academic staff perform that do not fulfil their minimum
requirements of work. As all academic staff receive same salary according to their grade,
itis unequal and unethical for academic staff who show unused capacity to acquire similar
benefits to others. Academic integrity is a combination of intrinsic values that are neces-
sary to build and foster an attitude of respect and responsibility towards the exploration
of knowledge and academic excellence. Intrinsic values include aspects of qualifications,
skills, experience, expertise and academic principles that are believed and practiced. In
other words, the culture of an excellent academic community should be based on aca-
demic integrity [13].

So far, the conventional method has relied on an important simplifying assumption,
which is that all orders or transactions of a particular type are the same and require the
same amount of time to process. However, TDABC does not demand this simplification.
It can accommodate the complexity of real-world operations by incorporating time equa-
tions, a new feature that enables the model to reflect how order and activity characteristics
cause processing times to vary. Time equations greatly simplify the estimating process
and produce a far more accurate cost model than would be possible using traditional ABC
techniques [9].

It is important to note that the cost accounting system should support the university’s
mission and vision by identifying any capacity that is unutilized, offering pertinent data
for rational decision-making; this enhances the quality of services offered to students, and
manages resources effectively and efficiently. By presuming that time is the primary cost
driver of overhead expenses and concentrating activities within resource centers rather
than in separate activity centers as in ABC, TDABC has been designed to alleviate the
drawbacks of ABC. TDABC is useful for discovering any idle capacity in each resource
center [14].
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