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Annomayua. B NaHHOM HCCIENOBAaHUU TPUMEHSAETCS
METOJ MOJCIUPOBAHUSA IS PEUICHHS TPOOJIEMBI oUuepe-
JIel C IIeNBI0 TTOBBINICHUS KadyecTBa OOCITY)KUBaHUS B
OankoBckoW cucrteme Hurepuu. [lns ucciemoBaHus
HCIIONB30BAJIMCh JaHHBIC, MOJydeHHbIe B Oanke ¢ 8:00
1o 16:00, xoropbie ObUIM MTPOAHATU3UPOBAHBI C MTOMO-
IO CHUMYJISIIMOHHOTO MojaenupoBanus FlexSim©.
Pe3ynbTaThl MOIEIUPOBAHUS TTOKA3BIBAIOT, YTO HUCXOI-
Hasi MOJIENb OTpakaeT Hed(pPEeKTHBHOCTL pabOTHI OaH-
KOBCKHX Kacc, IMOCKOJNBKY COTPYIHHMKH OBLIH TEperpy-
JKCHBI, a OOJIBIIMHCTBO KJIIMEHTOB OCTaBAJMCh HEIO-
BOJILHBIMU. B HMCXOmHOW MOIENM KIMEHTHI, 0Opalar-
yecst K KaccupaM, HaXoIWIHCh B ouepenu okosno 3000
cekyHn (50 MHMHYT), a KIHCHTBI, OOpalaroIuecs B
CIIyX0y MOIICP)KKH KIUEHTOB, - OKOJIO 2541,6 cexyHT
(42 munHyTHI). 3a TIEpUOJ MOAENTHPOBAHUS 00€ KacChI
obocmyxkmnu 271 ximenta. OQQPEeKTHBHOCTH PadOTHI
nepcoHaia Ha kKaccax coctaBuia 79,62% u 79,79% co-
OTBETCTBEHHO, a Ha KaccaX CIY)KObI MOAIEPKKU KITHCH-
TOB - 99,28%, 4TO CBUIETENLCTBYET O MEperpy3Ke mep-
coHaia. OJHAKO ONTHMU3HPOBAHHBIN MPOIECC OpraHuU-
3alMd Ouepeei MPOIEMOHCTPUPOBAIT YITYUIIICHUE MPO-
M3BOAUTEIILHOCTH IMEPCOHANIa M BBICOKYIO YIIOBIICTBO-
PEHHOCTh KJIMEHTOB. IIpu m00aBICHUU €Iie OIMHOTO CO-
TpYJAHHKAa Ha pabouee MECTO B OTAENC OOCTYKHBaHHUS
KJIUCHTOB MPOITYCKHAs CIIOCOOHOCTh YBEIHUYWIACH JIO
322 xnmeHToB, a 3¢ ¢EeKTUBHOCTH pabOThl HepcoHaIa
cocrasmia 91,42% u 86,37% cooTBeTcTBEeHHO. Pe3yinb-
TaThl ONTUMU3UPOBAHHOTO TPOIIECcCa OPTaHU3aAIMH OYe-
peneil TOKa3BIBAIOT JIyYIIME IOKA3aTeIH M JOJDKHBI
OBITh BHEAPCHBI B OaHKE JUIsS TOBBIIICHUS YIOBJICTBO-
PEHHOCTHU KJIMEHTOB U 3()(HEKTUBHOI'O YIPABJICHUS TIEp-
COHAJIOM.
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mooenuposarnue, onmumusayusi, FLEXSIM, 6anxosckoe
dero.
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Abstract. This study applies a simulation approach to the
queueing problem to improve service delivery of a bank-
ing system in Nigeria. The study adopted data obtained
at the bank from 8:00 am to 4:00 pm which was ana-
lysed using FlexSim© simulation. The results of the
simulation analysis show the initial model signifies how
the bank counters were designed, which was not effi-
cient as workers were overworked, majority of custom-
ers were left unhappy and unsatisfied. The initial model
had customers for teller services stay in queue for
around 3000 seconds (50 minutes) while customers
seeking the attention of customer service stayed around
2541.6 seconds (42 minutes) in queues both the counters
had a throughput of 271 customers attended to over the
simulation period. Staff efficiency for the teller counter
was 79.62 and 79.79% each and 99.28% for customer
service, this signifies worker overload. However, the
optimized queuing process showed improved perform-
ance of staff and high customer satisfaction with the
addition of another staff to the customer service work-
station, the throughput capacity was increased to 322
and staff efficiency of 91.42 and 86.37%. The results of
the optimized queueing process show better perform-
ance and should be adopted and implemented in the
bank for increased customer satisfaction and proper staff
management.
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1. Introduction

Banks are regarded as service facilities that
provide financial and make contributions to the
economy, they also play a crucial role on the
mobilization of idle funds, aid in the implemen-
tation of Government monitoring funds [1].
There are many challenges faced by this system,
in Nigeria with many related to service delivery,
human resource management, inadequate tech-
nology innovation in operation services, poor
corporate governance practices, reliance on pub-
lic sector funds [2]. In most banks in Nigeria,
customers spend huge amounts of time in
queues, and congestion in most bank branches
which leads to customer dissatisfaction as well
as loss of business opportunities [3].

Queues are lines of people or objects waiting
for services which operation managers use it as
a tool to assess and manage waiting times
through strategic approaches to reduce the time
waiting line length, average waiting times [4].
Queueing theory models are vital to service and
manufacturing industries; the service industry
regards queues as customers waiting to be at-
tended to, the formation of queues is largely af-
fected by the speed of service delivery, fast
queues do not easily form, but when services are
slow queues are formed [5].

Queuing theory is essential in evaluating
system performance, customer volume within
the system, customers in line, service utilization,
response time, customer waiting time and sys-
tem idle time [6].

The expense of delivery and the expenses
incurred when service is not provided are re-
garded as queuing concepts, therefore, man-
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agement must provide services to attract and
retain customers by prioritising effective and
efficiency service that will guarantee customer
satisfaction, reduced queues, waiting time costs
etc. [7, 8].

2. Literature Review

A study was performed on queue analysis of
public healthcare system to reduce waiting time
using Flexsim 6.0 software, the research real-
ized that the long queues make patient’s waiting
time large and service delivery to be very slow
and stressful for patients. Therefore, a simula-
tion experiment was performed to develop an
alternative solution. Before the simulation, the
registration counter and other points were al-
most busy all the time, with utilization of
96.56%, then the simulation results showed a
decrease in waiting time of around 80% through
the addition of resource personnel in the regis-
tration counter [9].

Meanwhile, another study optimized queue
system using line balancing method and Flex-
sim software. The results show that the initial
path efficiency of 64.69% and 31 patients
queueing, while the simulation results show that
having an additional doctor also reduces queu-
ing of patients from 31 to 14 and an average
path efficiency of 78.80% [10].

Madaline et al [1] applied queuing theory to
improve service of a banking system in Laguna,
Philippines. The bank had 2 operational count-
ers which had a significant difference between
the waiting and service time when serving sen-
ior citizens in the system. However, the system's
waiting, service and total time were determined
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using ProModel 2016. The study recommended
an additional counter for all transactions, reduc-
ing waiting time. Another study was also per-
formed on the optimization of foreground sup-
port facilities for commercial banks based on
queuing theory, the scholars argued that the ad-
dition of ATM variables in the two banks as
support facilities reduces the bank’s total costs
and customer waiting costs [5].

The aim of the study was to perform simula-
tion and optimization of a queue process in a
service organization to increase service delivery
and reduced worker overload using FlexSim.

3. Methodology

In this research work, data was gathered
through the following ways:

Physical counting of customers coming into
the bank was collected for four weeks in one

bank (i.e., one month) between 8:00 am to 4:00
pm. Questionnaires were used. 200 question-
naires were administered and 180 respondents
were received.

3.1.|Simulation Modelling using FlexSim

Flexsim software has distinguished itself
from other simulation software companies as
having an object-oriented environment that en-
ables the design of models, visualization and
monitoring of flow processes with animation in
2D and 3D [11].

3.2. Building the Simulation Model
Simulation elements were added to the Flex-

sim© environment and parameters were set as
shown in Table 1 and according to [12].

Table 1

Summary of Model and System Elements used in the Simulation Environment
Model Element |System Element Description
Source Customer entry point Arrival of customers at the banking hall.
Queue Customers waiting point| Point where customers queue in lines to be
attended to
Workers Staff Attending to customer needs
Fixed Resources [Workstations Customer service desks or tellers
Task Executor  [Sets the queueing Executes how the queues move within the bank
rocess
Sink Exit point Customer exit from the bank

4. Results and Discussions
4.1. Simulation Results Analysis

The simulation model was set, objects were
connected and the simulation time was set to
28800 seconds, during the simulation period,
staff, and workstations are connected as shown
in Figure 1.

The system throughput is shown in Figure 2,
a careful observation could be seen that the cus-
tomer service agent could only process 79 cus-
tomer complaints, while Teller Services were
able to process 190 requests and around 272 cus-

tomers were unattended to in a day. Out of 541
people that entered the bank for various issues.

Customer stay times on queue were meas-
ured, on average, customers that were for trans-
actions other than complaints spent around 3000
seconds each with a maximum staytime period
0f 304.46 seconds while customers having com-
plaints on average spent 360.06 seconds with a
maximum time of 364.07 seconds however the
longest stay time for customers requiring the
attention of customer service agent as recorded
as 2541.6 seconds (42 minutes) with a maxi-
mum of 4883.74 seconds (81.5 minutes).

The state of each workstation showed the per-
centage utilization of staft as shown in Figure 3.
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Figure 1. Simulation model layout

Throughput

Object Throughput
Customer Service Desk Fa
Teller 1 Desk a5
Teller 2 Desk a5
CQueuae 272
Qusue? 269
Sink1 2569

Figure 2. Throughput capacity of customer service agents

State
Il Processing [l Releasing [l Travel empty [l Setup Utilize Idle Empty Waiting for operator
Teller 1 Teller Agent 2 Customer Service Agent1 Teller 2 Desk
79.62% 79.79% 99 28% 09.78%
Teller 1 Desk Customer Service Desk Queue1
99 60% 99 26% 98.57%

Figure 3. System state of each agent

From Figure 3, Tellerl had 79.62%, Teller in fatigue and employee demoralization as the
Agent2 with 79.79%, Customer Service Agentl  work seems too tedious and unfavourable.
had 99.28% utilization which is too high for an The State Gantt Chart showed the worker
employee to have such efficiency this will result  activity from the opening hours to closing hours
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shown in Figure 4, the system shows it is being to till closing period with so many customers in
fully utilized. the queue.

The Stay time by the hour for the model
shown in Figure 5 peak period from 10:00 AM

State Gantt

State: Travelempty  State Uiz Stale: Ide
Tellr

Customer Service Agentt
Teler Agent?

S0 A G00 AM 1000AM 1100 A 1200 PN 100 PN Z00PM 300FM

Figure 4. Employee Gantt chart

Staytime By Hour

1 Customer Service Desk [ Teller 2 Desk | Tefler 1 Desk [ Queuet
4000
3500
3000
2500
2000
1500
1000
500
O00AM  O30AM  1000AM 10:30AM  TODAM  TI30AM 1200PM 1230PM 1O0PM T30PM  200PM Z30PM  J00PM  J30PM  400F

Figure 5. Staytime by hour of customers

4.2. Optimization of the Queuing Process left mostly stranded, hence the need for optimi-
zation of the customer service section as shown
The initial simulation results were not very in Figure 6.
effective as customers requiring attention were

! .
e
=
Teller% 3

\\

Figure 6. Optimized simulation model layout
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Figure 6 shows the improvement in the
queueing process with the addition of another
workstation (Customer Service 2 and staff), then
the simulation clock was reset and set to 28800
seconds. The results obtained show the stay
time on average for customers at the worksta-
tions was recorded as 300 seconds and a maxi-
mum of 305.59 seconds while customers need-
ing the attention of customer service agents
spent on average 360.07 and 340.06 seconds.

The maximum stay time for customers being
attended to by the customer service agent was
364.00 seconds. The maximum staytime period
for customers in queue was 573.00 seconds
while on average of 108.83 seconds was ob-
served. This showed a great improvement in the
waiting period of customers from the initial
model that on average a customer spent around
2541.6 seconds with a maximum waiting period
0t 4883.74 seconds from the initial process.

Staytime
Object AvgStaytime  MinStaytime | Max Staytime
Teller 2 Desk 300.05 300 304 .46
Teller 1 Desk 300.04 300 303.53
Customer Service Desk 360.06 360 354.74
Queue 108.83 0 573.00
Customer service 2 340.06 340 34452

Figure 7. Customer staytime

The throughput of staff also improved in the
optimized process, with an increase in the num-
ber of treated customers from 72 customers in
the initial model to 146 customers per day as
shown in Figure 8.

Throughput

Object Throughput
Customer Service Desk T3
Teller 1 Desk 288
Teller 2 Desk 238
Queuel 326
Queue? 322
Simk1 322

Customer service 2 73

Figure 8. Throughput capacity

B Frocessing ] Releasing
Waiting for operator

The state of the system was also recorded in
terms of the staff utilization efficiency and
shown in Figure 9, from the Figure, it could be
observed that the teller section remained un-
changed while the section requiring much atten-
tion was customer service which had an effi-
ciency of 91.42% and 86.37% respectively
which is a decrease from the initial model that
was 99.26%.

The system staytime by hour showed the
graph of peak periods of customers in the bank-
ing hall shown in Figure 10.

State

B Travel empty i Setup

Utilize Idie Empty

Telier 1 Teller Agent 2 Customer Service Agenti Teller 2 Desk
73 .56% 73.94% 91.42% 92 47%

Teller 1 Desk Customer Service Desk Cueuel Customer service2
92 09% 81.41% 49 52% 86.37%

Figure 9. State of customer service agents
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Staytime By Hour

B Customer Service Desk

Teller 2 Desk | Teller 1 Desk |l Queuet

B Customer service 2

360

340

320
300

280
260
240
220
200
180
160
140

9:00 AM 10:00 AM 11:00 AM

12:00 PM

1:00 PM 2:00PM 3:00 PM 400F

Figure 10. Customer staytime by hour

Figure 10, highlights the peak period show-
ing that from 10:00 AM to 1:00 PM is where
customers are trooping into the bank and queues
are formed in the system each with different de-
sired service to be delivered.

5. Conclusions

At the end of the study, the results obtained
from the simulation exercise of the improve-
ment of a queue process in the banking hall in
Nigeria were based on the objectives of the
study to use simulation analysis to improve the
queuing problem in a banking hall, the simula-

tion analysis results from the initial model
showed worker overload with utilization of cus-
tomer service reaching 99.26% and only 79 cus-
tomers were responded to. However, the opti-
mization layout was done with an introduction
of another customer service agent which further
improved the state of the system recorded in
terms of the staff utilization efficiency of the
customer service agent which had an efficiency
of 91.42% and 86.37% respectively and over
322 customers were attended to, therefore, the
optimized queuing process layout should be
adopted and implemented to improve customer
satisfaction and staff management.
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