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Abstract

Costs and their determination play a critical role in all manufacturing companies. The traditional
costing system has received criticism resulting from the arbitrary allocation of indirect
manufacturing costs. As an important initiative to address its weaknesses, new costing methods
such as the Time-Driven Activity-Based Costing (TDABC) have emerged. Unfortunately, up to
our knowledge, no investigations have been applied in analyzing assembly companies thoroughly
nor considering all the processes necessary to obtain the final products. This article explores the
TDABC application in the assembly industry through comparison with traditional volume-based
costing by focusing on manual and semi-automatized production. Since the research is descriptive,
a multiple-case study design was implemented in the assembly of televisions, motorcycles, and
printed circuit boards. The developed methodology allowed determining the existence of factory
overhead and direct labor cost variances between two different cost accounting systems, which
also affected the unit cost of the products. Findings also highlight the benefits of TDABC
application in the assembly industry, along with the shortcomings and future potential of research
in this area.
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1. Introduction and background

In a globalized and highly competitive environment, there is a need to look for new costing
approaches to improve the efficiency of production processes and to reduce costs. In fact, in
accounting matters, remarkable achievements have been made, especially regarding cost issues
and their management for its leading role in all companies, including assembly. This is because
the only variable that can be controlled by an organization is the cost, while the price is imposed
by the market (Ruiz de Arbulo et al., 2012).

Traditional volume-based costing systems have received numerous criticisms resulting
from the arbitrary allocation of indirect manufacturing costs. Due to their nature, they cannot be
easily quantified individually about the object of charge, unlike raw material and direct labor
(Meric and Gersil, 2018). This drawback causes a substantial bias in the information concerning
production costs (Santana et al., 2017). Therefore, it is difficult to answer questions about how and
where charges are incurred and to detect inefficient activities or products (Soekardan, 2016).

To answer those questions, in the late 1980s, Cooper and Kaplan developed Activity-Based
Costing, ABC. In this system, costs are assigned in the first instance to the activities and then to
the products that consume these activities based on different cost drivers (Cooper and Kaplan,
1988). ABC is oriented towards obtaining more reasonable costs through the logical allocation of
factory overhead, based on the direct relationship with the necessary activities to produce a good
or service (Pawtyszyn, 2017). However, after the great enthusiasm for its application in the early
'90s, companies stopped using ABC completely or continued implementing it, but only partially
(Szychta, 2010). This effect was mainly due to its complexity, time-consuming, and high costs of
implementation and maintenance (Rahman et al., 2018). Its high degree of subjectivity was also a
concern since when allocating the percentages of time an employee carries out his/her activities,
inevitably needs to be added up to 100% (Kaplan and Anderson, 2007). As a consequence, the
processes operate at their full capacity without taking into account the idle and unused time. This
makes the model theoretically incorrect (Namazi, 2016).

A major initiative to address the weaknesses of ABC was the development of a new costing
model based on the time invested per activity by Kaplan and Anderson in 2004 (Tse and Gong,
2009). Time-Driven Activity-Based Costing (TDABC) is a much more precise and simplified
approach in cost because of its simple integration into the management system, its ability to
provide timely and accurate information, the lower maintenance cost, and its straightforward
interpretation of data (Medeiros et al., 2017). This is especially true when fast changes in
technologies towards automated processes produced notable growth in the proportion of overhead
costs (Chansaad et al., 2012).

In the context of the existing literature, TDABC can be used in different environments that
can be grouped into three principal fields: healthcare, industry, and libraries (Areena and Abu,
2019). Within the manufacturing industry, Stout and Propri (2011) highlight the potential power
of TDABC and the vital role of enterprise resource planning (ERP) by partial implementation in
an electronics company. The results of their research indicate that TDABC can provide more
accurate costing information and easy to maintain models. Moreover, Ruiz de Arbulo et al. (2012)
also suggest that TDABC is simpler and more accurate than ABC in the multi-product or multi-
process auto-parts factory through comparison of TDABC with a Value Stream Costing (VSC) in
a tight manufacturing environment. The authors showed that TDABC could help to analyze
overused or underused capacity. Ramida and Rungchat (2015) found that TDABC is a more
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accurate method to determine the appropriate prices for the products into a wooden toy
manufacturing company.

Concerning assembly, evidence of partial TDABC applications in small-scale furniture
manufacturing can be found in India (Ganorkar et al., 2018a). In this case, only part of the
production was taken into account with the assembly activities of furniture. No investigations have
been presented analyzing assembly companies thoroughly nor considering all the processes
necessary to obtain the products.

Despite the TDABC advantages, several studies have reported some inherent weaknesses
of TDABC. For instance, Gervais et al. (2010) criticize the accuracy of the time estimations
collected by interviews when it is not possible to observe them directly. Moreover, although
Kaplan and Anderson (2007) affirm that the time collection can be done through direct observation
with sufficient precision to perform the calculations, this does not prevent a certain degree of
subjectivity in their measurement. It is because the method involves interviews with employees,
which often overestimate the times when they feel being controlled (Siguenza-Guzman et al.,
2013). Another disadvantage is the data quality since the accuracy of costs can be severely affected
as a result of a small inaccuracy in minutes' estimation. For example, the non-consideration of
seconds, which at first sight is not significant for an event of this activity, becomes essential when
multiplied by the number of repetitions made, while being the same manner for all activities within
a period (Adkins, 2008). Therefore, errors can result in a domino effect (Dejnega, 2011). In
addition, data estimation (times) is based on historical averages or judgments, and its high variation
can affect the quality of information (Mortaji et al., 2013). Other studies, as Oker and Adigizel
(2010) reveal specific difficulties in the practical application of TDABC in a manufacturing
company that produces sheet metal and plastic parts due to restriction to measure capacity in terms
of labor time. Another case study in a medium-sized manufacturing company recognizes that time
equations used in TDABC are a compelling manner of describing product variety, but this is not
always possible in practice (Wouters and Stecher, 2017). Despite the inconveniences mentioned
above, the TDABC costing system has proven to be more convenient than traditional costing
systems (Ganorkar et al., 2018b).

The main objective of this article is to analyze the TDABC application in the assembly industry
through comparison with traditional volume-based costing by focusing on manual and semi-
automatized production. For this purpose, the remainder of this document is organized as follows.
The next section provides a theoretical framework of TDABC. This is followed by the material
and methods applied in the study in Section 3. Next, Section 4 discusses the research findings and
limitations. The final section provides the conclusion, implications, and further directions for
research.

Theoretical Framework of TDABC

TDABC originality consists in the allocation of costs directly to cost objects based on only two
parameters: the cost per unit of time of the supplied capacity of resources (capacity cost rate) and
the estimated time required for each activity (Kaplan and Anderson, 2007). The breakthrough
consists of avoiding the complicated stage of first allocating resource costs to activities before
assigning them to the processes, orders, or products (Ganorkar et al., 2018a). Hence, time is the
only inducer of costs for all activities, unlike multiple cost drivers in the ABC costing system
(Medeiros et al., 2017).
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With the use of time equations, TDABC breaks with the simplification trend of ABC,
where each particular activity always requires the same amount of time to be processed and allows
estimates of time units to vary depending on the order and characteristics of the activity (Rahman
et al., 2018). The resulting time equation is expressed in Equation 1.

Process time = )’ of individual activity times = o+ 1 * X1 + -+ [; * X;
where S, is the standard time for performing the basic activity (1)
B4 ... B; is the time for the additional activities
X, ...X; are the frequencies for the additional activities
Time equations allow understanding with detail the dynamic of operational processes
(Meric and Gersil, 2018). In addition, this costing system enables the recognition of idle capacity
or inefficiency in the use of resources, where the resources consumed are allocated to the product
instead of the performing ones (Tse and Gong, 2009). This idle capacity recognition helps in quick
identification of the origin of existing problems in an organization (Kaplan and Anderson, 2007).

Materials and Methods

1.1. Research Methodology

This study aimed to analyze the application of TDABC in assembly industries through a
comparison with traditional volume-based costing. For this purpose, the multiple-case design was
utilized, which is instrumental in understanding complex organizational phenomena, giving more
compelling evidence than a single case (Yin, 2003). The case study research method implicates an
in-depth investigation of the phenomenon within a real-life situation (Cooper and Morgan, 2008).
Case studies help to understand the applicability of specific innovations in complex contexts and
re-assessing their conceptualizations of problems (Cooper and Morgan, 2008).

In this context, the research was conducted through three case studies. The selection of
cases was based on the convenience of accessibility and proximity of the subjects to the
researchers. All the data (e.g., times, costs, financial information, frequency of activities, monthly
production, practical capacity, used capacity, method of cost allocation in each company) were
collected through semi-structured interviews, focus groups, direct and documentary observation.
The analysis of primary and secondary data was applied through costing matrices with the TDABC
system, graphs, Pareto Chart, and descriptive statistics to determine the averages of variation in
unit costs of the products.

1.2. Case studies

The first case study belongs to the TV assembly (fourteen models). It has a manual type of
production and low technological use trough conveyor manufacturing. In the second case study,
only manual manufacturing is used for motorcycle assembly (thirteen models) in six workstations.
These two cases are situated in the same company. Meanwhile, the third case study corresponds
to the other company and relates to the assembly of printed circuit boards, PCB (nineteen models),
with the implementation of semi-automated manufacturing. Both companies belong to an
important business group in Ecuador, with a complex functional organic structure and manner of
operating through the parent company, which is in charge of most of the strategic and support
processes. The names of the companies and their products are not disclosed, respecting the
confidentiality agreement established.
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Interviews with the accounting staff indicated that these companies lack a well-defined
costing system from a traditional perspective, and the accounting process is as well rudimentary.
The monthly costs are determined in totalized form, without assigning to specific processes or
orders. The indirect manufacturing costs (4%, 8%, and 18% of production costs respectively) and
direct labor (1%, 2%, and 3% respectively) are assigned according to the raw material used, which
represents 95%, 90%, and 79% per case study. In addition, in the first company, costs are divided
equally for the cost centers of televisions and motorcycles except for raw material. Therefore, the
cost distribution does not consider the characteristics of each product and the processes needed for
its production. This means that an arbitrary apportionment of indirect manufacturing costs and
direct labor is utilized, which may distort the final value of the products.

1.3 TDABC methodology

According to Everaert et al. (2008) and Reynolds et al. (2018), the calculation methodology with
the TDABC costing system contemplates six steps: 1) ldentifying various resource groups
(departments or processes). 2) Estimating the total costs of each resource group. 3) Obtaining the
practical capacity of each resource group in terms of time. 4) Determining the unit cost of each
group of resources (Stepl divide by Step2). 5) Determining the estimated time for each event (time
equations). 6) Evaluating each task, multiplying Step 4 by Step 5. However, for the current study,
there was a need to expand Steps 1, 2, and 4 to give a more in-depth cost analysis. In addition,
Step 6 was unbundled, adding Steps 7 and 8 for better visualization of calculation sequence.
Therefore, the following methodological framework was created with the approach to assembly
processes, consisting of eight steps:

1. Identify various resource groups. As resource groups were considered the main
processes necessary to obtain each product. Those processes were categorized into sub-processes
and activities based on direct observation during visits to the assembly lines. To facilitate the
analysis, the following codifications were done, as shown in Table 1. The original TDABC
methodology has only two levels: the departments (processes) and the activities (Kaplan and
Anderson, 2007). In the current study, three levels are proposed: processes, sub-processes, and
activities. Through the division of the processes into smaller units (sub-processes), better
visualization and understanding of the business dynamics are achieved.

Table 1. Codifications of sub-processes and activities

Case study Process Sub-processes Activities
TV warehouse BTV1... BTV6 ABTV1... ABTV43
TV Assembly TV assembly AsTVI... AsTV8 AAsSTVI1... AAsTV25
Technical service TS1... TS6 ATSI1... ATS30
Motorcycle Motorcycle warehouse ~ BMOI... BMO4 ABMOI... ABMO19
Assembly Motorcycle assembly AsMOL... AsMO4 AAsMOL... AAsMOL11
PCB warehouse BPCBI1... BPCB3 ABPCBI1... ABPCBS
PCB Assembly Manual assembly MASsPCBI... MAsPCB7 AMASPCBI1... AMAsPCBI12
Automatic assembly AtAsPCBI... AtASPCB2  AAtAsPCBI1... AAtAsPCB2
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2. Estimate the total costs of each process (supplied resources). The monthly
company's accounting basis, obtained from documentary observation, was classified by direct
labor, indirect labor, and factory overhead and grouped in costing matrices. While Kaplan and
Anderson (2003) determine the cost by adding all resources without the segregation mentioned
above, the proposed change identifies the financial influence of each cost element within the total
unit cost and the total monthly cost. Additionally, this modification is used for determination in
cost variation between TDABC and traditional cost systems. Data were obtained from the financial
statements of the companies in 2017.

3. Estimate the practical capacity of each process. In this step, 80% is applied to the
theoretical capacity (hours worked per month) of employees and 85% to the machinery (Kaplan
and Anderson, 2007). For these calculations, only the working hours of the direct workers (those
who directly intervene in the process with the respective activities) were considered. In addition,
it was necessary to perform the conversion of the days worked (accounting) given through pay role
reports to the working days according to the model. Therefore, out of the 365 days available on
2017, 11 days were deducted corresponding to holidays, 52 Saturdays and 53 Sundays; then, 11
days of vacation (15 days, minus 2 Saturdays and 2 Sundays), and finally, three days off for
different reasons. As a result, 235 available days per year were obtained, which divided by 12
months resulted in 19.58 days per month for each person. Therefore, the proportional part in
minutes was found, according to the days indicated in pay role reports.

4. Estimate the unit cost of each process. This value was obtained by dividing the
estimated total cost for each cost element (direct labor, indirect labor, and factory overhead)
identified in Step 2 by each process practical capacity from Step 3 (Equation 2).

, Direct labor $ or Indirect labor $ or Factory overhead $ 2
Unit cost = - - -
Practical capacity minutes
5. Determine the time used in each process and sub-process. This step was given

according to the time (in minutes) and frequencies of each activity (time equations). Data was
obtained with measurements by a chronometer. In addition, the times of TV assembly,
Motorcycles assembly, Manual assembly, and Automatic assembly processes were distributed
individually to the respective model of products. Times of TV warehouse, Motorcycles warehouse,
and PCB warehouse processes, as well as, Technical service were determined overall.
Consequently, the time equations were formulated as indicated in Equations 3, 5, and 7 and with
time values in Equations 4, 6, and 8.

TV Assembly time (3)
= TV Setups Time * Number of TV Setups
+ (Assembly Time + Keyboard Assembly Time
+ Controls Assembly Time
+ Accessories Assembly Time
+ Finished Product Quality Control Time
+ Packing and packaging Time) = TV Production
TV Production

100

+ Batch Quality Control Time *
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TV Assembly time (4)
= 46.83 * Number of TV Setups + 7.70 {if TV1}
* Production TV1 + 9.66 {if TV2,TV3,TV4}
* Production (TV2,TV3,TV4) + 10.99 {if TV5,TV6}
* Production (TV5,TV6) + 15.11 {if TV13}
* Production TV13 + 16.93 {if TV8}
* Production TV8 + 17.65 {if TV7,TV9,TV10}
* Production (TV7,TV9,TV10)
+ 21.55 {if TV11,TV12} * Production (TV11,TV12)
+ 26.89 {if TV14} * Production TV14 + 12.83
Production (TV1,TV...TV14)
i 100
Motorcycle Assembly time (5)
= (Motorcycle Setup Time
+ Motorcycle Assembly Time
+ Quality Control Time of finished product
+ Packing and packaging time)
* Production of motorcycles

Motorcycle Assembly time (6)
= 163.73 {if MO11} * Production MO11
+ 184.72 {if M010} * Production MO10
+ 185.62 {if M04} * Production MO4
+ 193.73 {if MO7} * Production MO7
+ 203.26 {if MO1,M02,M03,M06, M08, M013}
* Production (MO1,M02,M03,M06, M08, M013)
+ 226.37 {if M09} * Production M09
+ 233.89 {if M012} = Production MO12
+ 234.75 {if MO5} * Production MO5

Printed circuit boards Assembly time (7)
= (Manual Setup Time + Atomatic Setup Time)
* Number of Setups Printed circuit boards
+ (Manual Assembly Time
+ Automatic Assembly Time 2
+ Quality Control Time + Packaging Time)

* Printed circuit boards Production

+ Repair Time of printed circuit bords

* Printed circuit boards Production * 1%
+ (Assembly time botom side

+ Assembly time top side)

* Printed circuit boards Production
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Printed circuit boards Assembly time (8)
=162.83{if TJ1,T]2..T]J12}
* Setups (TJ1,T]2...TJ12)
+371.90{if TJ13,TJ14...TJ19}
* Setups (T]J13,T]14...TJ19)
+4.74 {if TJ1,T]2..TJ12}
* Production (TJ1,T]2..T]J12)
+17.03 {if TJ13,TJ14 ...TJ19}
* Production (TJ13,T]J14 ...TJ19) + 32.56
* Production (TJ1,T]2..TJ19) * 1%
+2.08{if T/1,T]2..T]6,T]12}
* Production (TJ1,T]2..T]6,T]12)
+ 2.60 {if T/8,T]9} x Production (T]8,T]9)
+2.75{if T]7,T]10,TJ11}
* Production (T]7,TJ10,T]11)
+ 1.75 {if TJ13,TJ14 ...TJ19}
* Production (TJ13,T]14 ...T]J19)

6. Value each process, sub-process, and activities (utilized resources). This step was
done by multiplying the unit cost of each resource group from Step 4 by the estimated time from
Step 5 (Equation 9). This calculation was made in a totalized form, as well as separately regarding
direct labor, indirect labor, and factory overhead.

Utilized resources = Unit cost * Time 9)

7. Establish inefficiencies in the use of assigned resources. Its valuation was made for
each process, both in dollars and in percentages (Equations 10 and 11).

Innefficiencies $ = Supplied resources — Utilized resources (10)

Supplied resources — Utilized resources (11)

I .. o5 0 =
nnef ficiencies % Supplied resources

8. Determine the unit costs per each product. To develop this action, the total costs
per product of the processes TV assembly, Motorcycle assembly, Manual assembly, and
Automatic assembly were divided by the corresponding monthly production. In other processes,
the distribution of costs was done, as shown in Figure 1. Meanwhile, the raw material was directly
assigned per product.

10
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The instruments of descriptive statistics were used to compare the unit cost of the products
between the TDABC and the traditional volume-based costing. First, the annual averages were
obtained based on monthly values for each model. Then, this annual data per case study were
averaged. To determine the variances between the two accounting systems, the total overhead
(indirect manufacturing costs), factory overhead, and direct labor cost were also compared through
costing matrices. Then, the obtained data were analyzed and displayed by Pareto Charts and
statistical software.

Direct labor, Indirect
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Overhead
TV Warehouse
Process

Distribition based on time used in
™ Assembly process
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Labor, Factory
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FY - Fs

Direct labor, Indirect
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Overhead

TV Assembly r

—\

Proce ss Divided by the corresponding
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—
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Figure 1. Cost distribution towards the products through TDABC
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Results and Discussion

One of the implications of this research is the comparison of TDABC results with the traditional
costing system in three selected case studies of the assembly industry focused on manual and semi-
automatized production. The developed methodology allowed determining the existence of an
overhead variance between two cost accounting systems. In the first case study, the indirect labor
cost decreased by 21%, the factory overhead 23%, and the total overhead or indirect manufacturing
costs 23% in comparison with traditional volume-based costing. Meanwhile, in the second case
study, a reduction of 8%, 6%, and 6%, respectively, was obtained in each item of mentioned costs.
Furthermore, in the third case study, the indirect labor cost declined 52%, the factory overhead
65%, and the total overhead 63%, respectively (see Figure 2). Given that direct labor cost is also
part of the TDABC resources, the analysis was also performed in the variation of this cost item.
Direct labor decreased by 22%, 8, and 39%, respectively, in each case study.

a) TV b) MOTORCYCLE 0) PCB
1E+06

8E+05

6E+05

4E+05 —

wlllall i

1

Indirect Factory E}tal Direct Overall ' Indirect Factory Total —Direct Overall | Indirect Factory Total  Direct Overall
Labor Overhead Overhead Labor  variation Labor Overhead Overhead Labor variation | Labor Overhead Overhead Labor variation
in cost in cost 1n cost

[ | Traditional cost system [l TDABC

Figure 2. Comparison of TDABC with traditional volume-based costing a) TV assembly. b) Motorcycle assembly.

c) PCB assembly

Figure 3 indicates that the Motorcycle assembly presents the lowest variation in costs between the
two systems and reaches only 7% of the overall variation, including direct labor cost. The TV
assembly follows this variation with 23% of cost reduction, and the PCB assembly presents the
highest difference of 60%. Therefore, the assembly with a manual type of production and with the
low technological use turned out to have fewer cost differences between TDABC and the
traditional costing system.

12
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70%
60% —
50% -
40% —

30% -

20% —

10%

0% —

Indirect Factory Total Direct Overall
Labor Overhead Overhead Labor variation

in cost
1V B Motorcycle [N PCB

Figure 3. Cost variation in percentage terms

This research also found the variations in unit costs of the products under the TDABC costing
system, shown in Figure 4. In this regard, the unit production costs of motorcycles decreased, on
average a 2% and in PCB an 8%, compared to the values reported by the traditional costing system
(Figure 7b and 7c¢). However, in the case of televisions, the difference is close to zero, since the
raw material represents 95% of the production costs (Figure 7a).

Nevertheless, the television models TV1, TV3, TV8, and TV9 have increased 1% in the
average unit production costs. A similar situation is observed in motorcycles, MO5, MO7, and
MO8, which raised 3%. The difference indicates that under the traditional system estimation, these
models might be underestimated by the arbitrary apportionment of the costs based on the raw
material, and because of not taking into account the time necessary for their production. Regarding
PCBs, the difference is even more noticeable, especially in the models PCB15, PCB18, and
PCB19, which have increased, on average, 6%, 29%, and 27%, respectively. These results are due
to the use of manual activities during their assembly process, which requires more time.
Consequently, these models have a higher cost burden on the TDABC system. That varies from
the traditional approach, where the models with automatic production process subsidize the costs
of the PCB, which also require manual processes for their production.

13
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-10
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Figure 4. Variation in unit costs

Although the substantial differences in unit costs of the products with the TDABC were not
observed in TV assembly and Motorcycle assembly due to the predominance of the main element,
the raw material in the total cost, the benefits of this costing system extend beyond the unit cost
determination. Therefore, it can offer the information that the traditional costing system cannot
provide. Its approach towards processes allows an understanding of the business's dynamics. In
this context, the comprehensive methodological framework proposed allowed establishing the cost
of three processes, 20 sub-processes, and 98 activities in the first case study; the cost of two
processes, eight sub-processes, and 30 activities in the second case study; and the cost of three

processes, 12 sub-processes, and 19 activities in the third case study.

Findings indicate that in the first case study, the processes which absorb most resources
were the TV warehouse with 47% and the TV assembly with 45%, representing 28% and 60% of

14
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the total utilized time, respectively (Figure 5a). In the second case study, the process that employed
most of the resources is the Motorcycle assembly, with 90% of the cost and 94% of the total time
utilized (Figure 5b). In the third case study, the Manual assembly representing 70%, followed by
the Automatic assembly with 29%, since they consume most of the time, i.e., 80% and 19%,

respectively (Figure 5c).

80%

a) v b) MOTORCYCLE

100%
90% -

PCB

29%

_ 45%
60% — 60%

90% 94%

70%

10%
= [ — 1 "

Utilized resorces Utilized time Utilized resorces Utilized time Utilized resorces Utilized time

I 1V Warchouse | Motoreycle Assembly - Printed Circuit Board Warchouse
TV Assembly I Motoreycle Warehouse [ ] Manual Assembly

[ Technical Service I Automatic Assembly

Figure 5. Resources and time utilized by processes. a) TV assembly. b) Motorcycle assembly. ¢) PCB assembly

The existence of variations in cost analysis between the two costing systems indicates that not all
the supplied resources were used at its maximum capacity due to inefficiencies in the assembly
processes. The TDABC allowed establishing the values of these inefficiencies. They represent the
difference between the supplied resources and the used resources during production. It should be
mentioned that the traditional costing system does not provide this information.

In Figure 6a, corresponding to the first case study, the process with the highest percentage
of inefficiencies in the use of resources is the TV Warehouse process by 30%. In the second case
study, the most inefficient process is the Motorcycle warehouse, with 21% (Figure 6b). Notably,
the inefficiencies of these processes are higher than the overall inefficiency, which reaches 23%
and 7%, respectively, representing 1% of the total production costs in each case study. The
Automatic assembly process is the most inefficient, with 77% in the third case study (Figure 6c).
Therefore, it is higher than the overall inefficiency, which reached 60%, representing 13% of total
production costs in this case study. As a result, television and motorcycle assembly with a manual
type of production is more efficient than the PCB assembly that has semi-automated
manufacturing. Therefore, in the scenario of low production and high levels of idle capacity,
automation might be counterproductive due to the high costs of indirect manufacturing cost.

15
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Figure 6. Inefficiencies of processes. a) TV assembly. b) Motorcycle assembly. c) PCB assembly

Figure 7 shows the trends corresponding to the inefficiencies of operating processes as a result of
uniting the maximum points of discrete behavior of this variable monthly. In this case, April has
the highest inefficiency by 100% in the TV assembly and PCB assembly. The cause is that the
production was stopped due to the resettlement of the manufacturing plants. By November and
December, in the assembly processes, the inefficiencies level dropped below 1% in the first and
second case studies since production increased and better use of the supplied resources was applied
(Figure 7a and 7b). In PCB, a similar situation took place in the Manual assembly process in
October, when the inefficiency level decreased to 3% (Figure 7c).

Another advantage of TDABC that derives from the current analysis of inefficiencies is the
opportunity of planning practical capacity and the demand for the products. Findings indicate that
with production levels above those registered in November and December (Figure 7a and 7b), the
TV assembly and Motorcycle assembly case studies may not have sufficient practical capacity to
meet market requirements due to the low capacity of assembly processes. Therefore, TDABC
costing also facilitates budget planning in new marketing scenarios.
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One more benefit of the applied TDABC methodology is the cost determination of the level of
sub-processes and activities that the traditional cost system cannot provide. In Figure 8a, the Pareto
Chart shows that 80% of total costs in the first case study corresponds to eight sub-processes, being
the Assembly of televisions AsTV2 (20%) the most representative. Meanwhile, in the second case
study, this percentage corresponds to only two sub-processes: Motorcycle assembly AsMO2
(54%) and Setup motorcycle AsMO1 (20%) (Figure 8b), since they used most of the time, i.e.,
27%, 56%, and 20%, respectively. In the third case study, the Quality control MAsSPCB5 (33%),
Manual assembly of printed circuit boards MAsSPCB3 (25%) and Topside assembly AtAsPCB2
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(21%) are the most expensive and account 80% of the total costs, given that they use 38%, 29%,
and 14% of the used capacity (Figure 8c).
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Figure 8. Resources utilized by sub-processes. a) TV assembly. b) Motorcycle assembly. c) PCB assembly

It is also important to determine the cost at the level of activities to have more detailed information
for better decision making. Results indicate that in the first case study, 80% of costs belong to 24
activities (Figure 9a). The most representative activities were: Joining TV parts AAsTV6 (9%),
Starting orders ABTV36 (8%), and Put TV accessories AAsTV7 (7%). The second case study has
only four activities (Figure 9b): Joining motorcycle accessories AAsMO4 (28%), Joining
motorcycle parts AAsMO3 (24%), Unpack motorcycle supplies AAsMO1 (18%), and Product
inspection AAsMO8 (11%). This is because of the considerable use of time during their execution:
11%, 5%, 9%, 29%, 25%, 18, and 11%, respectively. In the third case study (Figure 9c), the most
expensive activities that represent 80% of the total costs were: Testing functions and specifications
AMASPCB10 (33%), Assembling side top AAtASPCB2 (21%), Joining electronic components
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AMASPCB6 (14%), and Welding components AMASPCB7 (11%). This percentage results in a
greater time demand: 38%, 14%, 16%, and 12%, respectively.
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Figure 9. Resources utilized by activities a) TV assembly. b) Motorcycle assembly. ¢) PCB assembly

With these data, TDABC allows realizing the reengineering of most inefficient processes to
optimize the use of resources, starting by analyzing the most expensive activities. For example, in
the TV assembly, the TV Warehouse process consumes large amounts of resources (47%) and
presenting the highest level of inefficiencies (30%). Therefore, the following activities could be
taken into account: Activating orders ABTV36 (8%) (Figure 9a). Also, in the Motorcycle
assembly, the activity, Loads the boxes of parts in the hydraulic ABMO11 (2%), might be
appropriate to be analyzed to improve the efficiency of the process Motorcycle Warehouse (Figure
9b). Regarding the PCB assembly, activities that can be considered are: Testing functions and
specifications AMASPCB10 (33%), Joining electronic components AMASPCB6 (14%), and
Welding components AMASPCB7 (11%) of the Manual assembly process; as well as, Assembling
top side AAtASPCB2 (21%) of the Automatic assembly process. All these activities can be
analyzed, without affecting the efficiency of the production plant as a whole.
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The research also had some shortcomings. One of them is the formulation of time equations
for Warehouse and Technical Service processes. The reason is that not all activities belonging to
the processes mentioned above can be directly related to a specific product. An example is the
activities by downloading a truck or auditing of replacement parts. The process costs were assigned
to each product based on the time percentage spent in the corresponding assembly processes, as
explained above.

On the other hand, the particularity of both investigated companies is that they belong to
the same business group in Ecuador with a complex functional organic structure and manner of
operating through the parent company, which is in charge of most of the strategic and support
processes. Therefore, the financial balances partially reflect the items of administrative expenses
and sales, making it difficult to estimate the resources allocated to these processes correctly.

In addition, TDABC costing is applicable only in cases when the practical capacity can be
expressed by time measurement (Oker and Adigiizel, 2010). In this sense, the estimation of the
practical capacity of the processes based on hourly load was not possible because the staff works
for several companies, and their workload depends on the circumstances that arise.

Collecting data for TDABC is not an easy task. Especially when companies do not have an
ERP system to identify the number of repetitions of activities both monthly and annually
(Ganorkar et al., 2018a). This was the case for analyzing assembles. The frequencies of the
activities and the time of their execution obtained during the interviews for strategic, support, and
sales processes in some cases resulted in a used daily capacity of more than 24 hours per person.
Therefore, a domino effect occurred, affecting the data quality. These inconsistencies added to the
low standardization and the irregularity of the processes mentioned above limited the application
of costing TDABC only to operating processes.

Conclusions

The aim of this study is the analysis of TDABC application in the assembly industry through
comparison with traditional volume-based costing by focusing on manual and semi-automatized
production. Findings indicate the existence of overhead and direct labor cost variances between
two cost accounting systems. In three case studies, this cost has been decreased under TDABC,;
however, the assembly with a manual type of production and with the lowest technological use
turned out to have fewer cost differences between TDABC and the traditional costing system.

These case studies have also conducted a comparison in unit costs of the products, which
also declined by using the TDABC system. The existence of variations in cost analysis between
two costing systems indicates that not all the supplied resources were used at its maximum capacity
due to inefficiencies in the assembly processes. Nevertheless, some products presented the increase
in their unit cost with TDABC that point to possible underestimations under the traditional cost
system by the arbitrary apportionment of the costs based on the raw material. This difference is
also a result of using manual activities during their assembly, which requires more time.
Consequently, these products have a higher cost burden on the TDABC system. That varies from
the traditional approach, where the models with automatic production process subsidize the costs
of the products, which also require manual processes for their production. These findings extend
knowledge about the behavior of TDABC within the assembly industry.

The research also highlights that the benefits of TDABC extend beyond the unit cost
determination in the assembly industries. Its approach towards processes allows understanding
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business dynamics in a more in-depth and more detailed manner threw consideration of sub-
processes and activities. This system could also provide data to support the reengineering of most
inefficient processes, process optimization, cost reduction, and facilitate budget planning in new
marketing scenarios.

However, TDABC has certain shortcomings in the analysis of the strategic and support
processes due to its low standardization and irregularity. The complex functional organic structure
within a business group also restricted the application of TDABC methodology to all organizations'
processes in the three case studies. This fact confirms that the successful application of the TDABC
requires the existence of ERP systems that provide more detailed and accurate information.

This paper also provides significant implications to formulate time equations. Some
processes may contain activities that cannot be directly related to a specific product. In this
instance, the cost of these processes can be assigned to each product based on the time percentage
used in the corresponding assembly processes.

Further studies may investigate the use of benchmarking to compare the process
efficiencies of the assembly sector with a similar product portfolio. This, to improve its
productivity based on the optimization of industrial processes and the transfer of the best assembly
practices. In this sense, Industry 4.0 brings new opportunities in implementing the TDABC costing
with highly automated environments besides continuous and instantaneous intercommunication
through a regular flow of information to determine the cost dynamically.
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