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ABSTRACT

The number of student intake to the university has increased significantly for the past few intakes. In normal
condition, newly registered student needs to go through various registration related processes before the registration could
be completed. The increment in the number of students has affected the whole registration process that could take hours to
complete due to bottleneck condition at some counters. To expedite and smooth the registration process, the Queue
Management System (QMS) which is used during the registration day has been revised. In order to increase the confidence
level of QMS to be used in real environment setting, the system has been tested using an interaction testing technique to
detect as many errors as possible due to interaction. Although the testing activity was done in limited time with inadequate
requirement and design documentation, quiet a number of errors have been managed to be detected. During the real
environment, no system error was recorded and as the result, the whole registration process takes less time compared to the
previous years. The results obtained showed interaction testing is possible to be used in detecting faults given time
constraints and lack of requirement documentation. This paper reports how interaction testing is designed and conducted as

well as discussing the challenges faced by the researches and strategies to overcome it.

Keywords: interaction testing, test data generator, queue management system.

INTRODUCTION

In recent years, the university has seen a
significant increase in student intake for each semester. In
order to enhance and maintain customer satisfaction, the
management has taken an initiative to improve the process
flow of new student registration. The students' registration
process which involve various departments could last for
hours to be completed. The process includes activities
such as  pre-registration, document verification,
accommodation invoice, payment process, issuing Student
ID, briefing from the Student Council, taking a survey and
ends with students checking into their apartment.

In order to maintain and enhance customer
satisfaction, a new registration process flow has been
designed and implemented for the upcoming session’s
intake. The improved process flow is intended to increase
the efficiency of the registration process. It is expected
that the time taken for a student to complete the
registration process will be significantly reduced to around
only an hour compared to up to four hours previously. As
a critical part of the new process flow, a new Queue
Management System (QMS) has been developed.

However, since the system is an ad-hoc system
(i.e. rapid development) by the university ITMS
department, it has to be tested somehow to increase the
confidence level that the system will not fail during the
registration day. The QMS is categorized as critical since
it will be the first system encountered by the new students.
Failure of the system will portray a bad perception to the
new students as well as their family and friends towards
the university, thus could ruins the university reputation.
QMS will filter students, according to a set of conditions
and produce a queue number which lead students to next
specific counter for next process. Should the QMS fail to

produce the correct queue number; student might be led to
a wrong counter and this could cause a delay to the
registration process. Worse come to worst, if the queue
number cannot be produced due to system failure, the
respective registrar’s officers need to perform manual
document checking before directing students to the correct
counter. These failures could lead to bottleneck and cause
significant delays in the whole registration process.

To reduce the risk of failures, the QMS system
needs to be tested adequately to ensure system reliability.
The critical part of the QMS is to evaluate a set of
conditions before producing queue number. These
conditions are constructed from a combination of values of
selected table fields from the system’s database. These
conditions will become the basis for the system in
producing queue number for a particular student. Since
QMS is an ad-hoc system, time allocated for testing
activity was less than a month before the registration day.
Given constraints of time and resources, interaction testing
is identified as one of suitable testing technique to be
performed. This is due to the QMS that involves many
combinations of values in order to produce the queue
number. Interaction testing will detect faults due to
parameters or input interaction (Kamal Zuhairi et al.
2008). By adopting interaction testing, it ensures QMS to
cater all possible combinations of conditions. In order to
achieve this, an adequate test data need to be prepared. A
simple script will be used to automate the interaction
testing.

INTERACTION TESTING

Interaction testing detects faults due to interaction
between parameters (Kobayashi, Tsuchiya, and Kikuno,
2002; Nie and Leung, 2011; Kuhn et al. 2009). Testing all
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possible combination or interaction between the
parameters may detect unexpected defects that may resuls
from the interaction. It is also proposed that interaction
testing is a suitable method to be used within a limited cost
and constrained schedule, in order to fulfill the release
time and ensure good testing coverage (Huller 2000;
Hagar et al. 2014).

The basis of combinatorial testing is the
interaction rule between the parameters. The combinatorial
testing is also known as Combinatorial Interaction testing
(CIT) (Nie and Leung, 2011). CIT is claimed as the
effective software testing technique and has been well
studied and applied for over 20 years (Nie and Leung,
2011; Cse, 2014). In CIT, not every parameter contributes
to every failure (Kuhn et al. 2009). Most failures are
triggered by a single parameter value or interactions
between a relatively small numbers of parameters.

Pairwise Testing claimed as the most basic
combinatorial testing strategy (Kuhn et al. 2009).In this
strategy, a set of test cases is generated to covers all
combinations of the values for each pair of parameters.
Pairwise testing normally is referred as all pairs testing,
pair testing, pair-wise testing and 2-way testing (Bach and
Schroeder 2004). Number of test cases can be reduced by
using this strategy since exhaustive testing might not be
possible to conduct due to time and resource constraints.

Compared to another popular method of CIT,
Orthogonal Array (OA) strategy (Banerji 2012), pairwise
testing is considered better (Hunter 2013). Fewer test cases
are required compared to OA. Thus, this can reduce the
testing effort and cost meanwhile ensuring the efficiency
of testing.

On top of that, results from empirical studies
comparing combinatorial testing with manual test case
method shows that more additional defects were found
using combinatorial testing. Large number of defects
found in limited amount of time. Number of test case
required for the testing coverage are also reduced. (Kuhn
et al. 2009; Khalid et al.; Hexawise 2014).

Several pairwise tools available commercially for

developing the test case generation (Czerwonka, 2014;
Hexawise Team, 2012; Udai 2014). Each of the tools
differs from its characteristics and advantages. From the
researchers’ knowledge, no evaluation has been done to
know which tools works suitably for which settings.
For this study, based on survey done by the researchers,
Hexawise (Hexawise Team, 2012) was choosen as the test
case generation tools. The choosen was based on
empirical study conducted by IEEE (Hexawise, 2014;
Kuhn et al. 2009) that using Hexawise test case can be
generated faster compared to manual. The generated test
cases are more detailed and efficient. Through Hexawise,
minimum number of test cases are generated to achieve
maximum test coverage. In addition, the tool is claimed
being used widely by many Fortune 500 companies
(Hexawise Team, 2012).

The interaction testing works by matching all
possible combinations of parameter values involved. For
an illustration, should we have a system with four input

parameters, A, B, C and D. Each parameter has 2 possible
values indicated as 0 and 1. The parameters and its values
are described as in Table-1 below.

Table-1. A system with 4 input parameters and its values.

Parameters A B C D
Values a0 b0 c0 do
Y al bl cl d1

If the test objective is to cover 100% pairwise interaction,
for each parameter pair, all interaction sets for the pair
need to be covered at least once as in Table-2 below.

Table-2. Pairwise Interaction sets for 4 parameters.

Parameter Interaction set to be covered
interaction

AB a0b0, a0b1, albh0, albl

AC a0c0, a0c1, alcO, alcl

AD a0d0, a0d1, a1do0, aldl

BC b0c0, b0c1, b1c0, blcl

BD b0d0, b0d1, b1d0, bid1l

CD c0d0, c0d1, c1d0, c1d1

Finally the complete test cases for pairwise interaction test
need to be generated. For each parameter value, it needs to
be tested with all other parameter values at least once.
Table-3 below illustrates the example of test cases (i.e. un-
optimized) for pairwise interaction for the illustrated
system.

Table-3. A system with 4 input parameters and its values.

Test cases A B C D
TC1 a0 b0 c0 do
TC2 a0 b0 c0 dl
TC3 a0 o]0] cl do
TC4 a0 b0 cl dl
TC5 a0 bl c0 do
TC6 a0 bl c0 dl
TC7 a0 bl cl do
TC8 a0 bl cl dl
TC9 al b0 c0 do

TC10 al b0 c0 dl
TC11 al b0 cl do
TC12 al b0 cl dl
TC13 al bl c0 do
TC14 al bl c0 dl
TC15 al bl cl do
TC16 al bl cl dl

As we can see, for a system with 4 parameters
and each parameters has 2 possible values, in total there
are 16 test cases need to be executed for pairwise
interaction testing.

THE STUDENT REGISTRATION PROCESS FLOW

Prior to the implementation of the new QMS, all
new students have to go through a general counters for
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registration. The registration process for students with
incomplete documents is significantly longer compared to
those with complete documents (i.e. Completed payment,
and all online procedures). In this scenario, should there be
many students with incomplete documents; other students
who have completed their document will also be affected
in terms of long waiting queue before they will be served.
As the number of new students increase in every intake,
there is a need to improve the registration process to avoid
long waiting time and create inconvenience among
students and parents.

In order to improve the process, several
categories of students are studied to determine their
conditions that will lead them to dedicate counters, based
on their academic
program, type of students (i.e. Local or international) and
their registration status (i.e. Complete or incomplete).

Multi-channel and multi-phases system concept
(Stevenson and Hojati 2007) is used for this purpose. In
this concept, there is one waiting line, but several counters
provide specialize service. For a particular customer, he or
she receives services from several stations before ending
the service.

Phase 1 Phasa 2
sarvice service
Queue [ 4 tecity faclity
O O O [ Charinel 1 Channel 1| |  Departures
Arivals | after servica
I Phase 1 Phasa 2
sarvice service
facility facilty
Channel 2 Channel 2

Multichannel, multiphase system

Figure-1. Multi-channel and multi-phases system concept
(Stevenson and Hoijati, 2007).

Back to the QMS, five counters are identified to handle the
registration process according to the scenario.

Table-4. Counters for registration process.

Counter name Scenario

process is less than one hour. Thus, to ensure the system
work accordingly on the actual day, thorough testing needs
to be conducted. The smoothness of the process on the
registration day will avoid customer’s frustration and
enhanced the quality of administrative work itself.

THE LOGICAL DESIGN OF
MANAGEMENT SYSTEM (QMS)

QMS system is designed to handle five categories
of students during UNITEN’s registration day. The
objective of the system is to issue a queue number that
leads to a dedicated counter based on certain condition of
the system. The conditions are based on some
combinations of data fields imported from UNITEN’s
online application system.

The database of the online application system
consists of two main tables (i.e. ApplicantOnline (AO),
ApplicantPayment (AP)) and an auxiliary table (i.e.
ApplicantPaymentType (APT)). Table APT stores the
payment type ID which is used in table AP. Table AO
contains applicants” data, such as applicant’s personal
information  (e.g. Name, NRIC, address, contact
information
and etc.), academic details (e.g. Education background and
exam results), programs applied by the applicant, program
offered by the university, and status of the acceptance of
the offer.

QUEUE

Table-2 AP  stores applicant’s  payment
information and its status. In table AP, payments made by
an applicant related to the application and registration
process are recorded. Since table APT is an auxiliary table,
only table AO and AP are considered in generating queue
number. Both table AO and AP have one-to many
relationship as illustrated in Figure-2. The applicant's
record is unique in table AO, on the other hand, there will
be many payment transaction records in table AP for any
one applicant.

From both tables, several attributes are identified
as the QMS parameter to determine the scenario for each
counter. A dedicated queue number will be issued based
on the identified scenario.

Mainstream Express Students

Mainstream Normal Students

Walk in Students

Table AOQ Table AP

International Students

m{oiO|m|>

Special Program Students

The registration process begins with checking the
student’s record based on their National Registration
Identity Card (NRIC) or passport number. This step
determines the next counter that will serve the student.
Students will be issued a relevant queue number based on
their application record. The queue number leads the flow
of the registration process.

For the newly designed registration process flow,
the estimated maximum time for the whole registration

Applicant 1
Applicant2
Applicant3
Applicant<d

/N

Figure-2. The one-to-many relationship between table AO
and table AP.

For counter A, B and C, the same parameters are
identified. However, values of each parameter will
differentiate the counter that leads the student’s
registration process. International students will be handled
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by counter D due to special conditions for them. The only
attribute to differentiate this are the nationality ID.
Counter E is dedicated to students for special academic
programs since no payment will be involved during the
registration process.

Table-5. QMS parameters that are considered in
generating queue number.

Counter Table AO Table AP
A (Express) Finalized
B (Mainstream) completed Finalized
offer Payment type
C (Walk in) accept 1D
Student ID
D (International) Nationality ID | Not applicable
E(Speual Is foundation Not applicable
rogram)

With regards to QMS, the system will receive
either Applicant’s Online ID (AOID) or NRIC No as the
input Figure-3. Generation of the queue number will
depend on the input. The queue number is in 4-digit form,
where the first digit will indicates the counter Figure-4.

The ability to generate queue numbers is the
critical part of the QMS. In order to ensure the system will
not fail during the registration day, extensive testing
before the registration day is needed for this purpose.
Indirectly, the prior testing will facilitate the registration
process and improve the customer services. Further details
on the test design and test data generation process of the
QMS discussed in the next section.

7 Setngs e Seure Smation

Hoplat Onine [}

NECNa

SURMT Bt

System Message

Figure-3. QMS receives input.

Figure-4. The generation of queue number.

TEST DATA GENERATION FOR QMS

In order to generate test data for QMS, we must
first identify the inputs involved in generating the correct
queue number. Based on our analysis, we divided the
system’s inputs into two categories. We refer the two
categories as External and Internal inputs. The External
inputs are inputs that are given by users via the system’s
interface. There are two inputs/parameters involved,
namely, AOID and NRIC number. A user has to key in
either one or both through the system’s interface. Based on
these inputs, the system will look into the database for a
match and subsequently check which category does this
student’s belongs to. Thus, we group the inputs obtained
from the system’s database as Internal inputs.

Test data for external parameters

There are two External inputs for QMS: AOID
and NRIC. The AOID is generated when applicants submit
their application online, in the form of 6-digit number. The
NRIC is the applicant NRIC or passport number. For both
inputs, the expected results are either Found or Not Found.

Table-6. External inputs.

Parameter Description
The applicant
online ID is
generated when
applicants
submit their
application
online, in the
form of 6-digit
number
The applicant
NRIC or
passport
number

Expected results

Found

AOID Not found

Found

NRIC Not found
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In searching for an applicant, user can key in
either AOID or NRIC. The system then will check
whether there exist a record for the particular AOID or
NRIC. Four test cases were derived, which covers valid
and invalid situation.

Table-7. Test Case for External parameters.

TCID Test case

TCO1 Key in a valid AOID
TCO2 Key in an invalid AOID
TCO3 Key in a valid NRIC
TCO04 Key in an invalid NRIC

Test data for internal parameters

As discussed in previous section, we have
identified seven parameters from table AO and two
parameters from the table AP to be considered for
generating test data for interaction testing. The selection of
these parameters is based on the information given by the
developer, the study of business rules as well as
performing a simple review of an important part of the
system’s source code.

The parameters considered for test data from
table AO are Finalized, Completed, Offer, Accept,
StudentID, Nationality and isFoundation. Each of the
parameters have their own values.

Table-8. Internal parameters from table AO.

Parameter Values to be tested

Finalized Oorl

Completed Oorl

Offer Oorl

Accept Oorl

StudentID Null or not null

Nationality Local (100) or
international

isFoundation Oorl

The parameters considered for test data from
table AP are Finalized and PaymentTypelD with their
respective value, either 0 or 1.

Table-9. Internal parameters from table AP

Parameter Values to be tested
Finalized Oorl
PaymentTypelD | Oorl

The business rule on how applicants are being
sorted according to values in both tables are shown in
Table-7.

Table-10. Summary of conditions to produce a queue

number.
Counter Table AO value veals AP
value
Finalized=1
Completed=1
Offer=1 Finalized =1
Express Accept =1 PaymentTypelD =
StudentID not 4
null
finalized=1
Mainstream completed = 1 Don’t care
offer=1
isSCFGS=false
no record
. OR ,
Walk in finalized =0 Don’t care
completed=0
offer=0
International | Nationality=100 Don’t care
Special isFoundation=1 Don’t care
program

Since there are five service counters and each
service counter has its specific condition, the test data will
be generated based on one counter at a time. Since the
QMS is a critical system, we decided to generate the
interaction test data at full strength. This is still practiced
since the number of parameters involved for each service
counter is low. On top of that, the possible values for each
parameter are minimum (i.e. Maximum value is two).
Besides that, since all inputs are internally obtained from
the database the test execution will be done automatically
using scripts.

Based on these factors, full interaction strength is
still practical for QMS. Furthermore, we can assure the
effectiveness of the testing as full interaction is used, thus
increased the confidence towards the system.

Since each service counter has different
conditions, test data was generated separately. Once all the
test cases have been generated, the test case data are
imported into the QMS database. At this point the QMS
database consists of all test data (i.e. Students’ record)
with all possible scenarios to be tested. From Table-5 and
Table-6, the parameter configuration for interaction testing
was produced. Subsequently, the interaction testing, test
data is generated using online tools (Hexawise Team
2012)The parameter configurations as well as the number
of test cases are shown in Table-8.
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Table-11. Configuration for interaction testing.

Counter Configuration
7 parameters, each parameter has 2
values
Express
Total test cases: 32
3 parameters, each have 2 values
Mainstream

Total test cases: 32

1 parameter with 2 values
International
Total test cases: 7

1 parameter with 2 values

Special
program Total test cases: 32
Scenario 1 (online transaction not
finalized)
3 parameters, each have 2 values
Walk in Total test cases: 16

Scenario 2 (no record and not
Foundation program)
1 parameter with 2 values

Total test cases: 16

Test execution

For the External parameters, the test is done
manually. On the other hand, for the Internal parameters,
we automate the test execution using scripts. Each test
case represents a student’s record. Therefore, random
NRIC (for local students) and passport number (for
international students) are added to each test case. This
will allow the script to simulate the QMS database lookup
process. Figure-5 describes the logical flow of the script.
The script starts by selecting all records from the
respective tables (AO and AP). For each record, the script
will invoke the QMS functions to evaluate the conditions.
Based on the provided data, QMS produces the
appropriate queue number for the students. This queue
number is stored for comparison.

No

While
record
found

Yes

Get NRIC, AO
and AP values

Evaluate
conditions

Save produced
result

End

Figure-5. Logical flow of the script for test automation.

After executing the test script, two interaction
errors were found. The logical errors are related to the
condition for producing queue numbers in the QMS. After
the logical errors have been fixed, we run the test again for
several more times and the results from QMS are similar
to the expected results. Although no critical fault was
found with regards to the QMS, the testing process has
been very useful in increasing the confidence of the
development team in deploying the system.

Manual observation was conducted during the
registration day to ensure no defects will occur in the real
setting environment. From the observation, no defects
were reported found. The registration process runs
smoothly and without hiccups. As the result, the average
time of the registration process need to be completed for a
student takes only one hour compared to the timing for
previous intakes. Indirectly, the results has validate the
confidence level of QMS gained during the testing
activity.

RESULTS AND DISCUSSIONS

Although there are many aspects of the QMS that
could be tested, but due to time constraint (time to deploy)
the researches only managed to perform interaction testing
tests, to ensure faults due to a combination of conditions,
that is the main part of the system, can be detected. On top
of that, being an ad-hoc system, QMS is lack of proper
documentation (e.g. Requirement and design documents).
This limits the type of testing that can be performed to test
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the system due to there are no point of reference whether
the system perform as it required or otherwise. In our case,
the oracle (i.e. Expected output) is based on the business
rules of the registration process.

The strategies used by the researches to deal with
the challenges are discussed as follows:

Challenge 1: Inadequate test basis

One of the challenges faced by the researches in
this study is to understand the system requirement with
inadequate test basis. The walkthrough technique(ISQTB
2011) was applied to understands the business rules of the
registration process. Several session were conducted
between the development team and researchers, which are
led by the author. During the session, researches gained
better understanding on the business rules. The session had
helped the researches in generating the test cases within
limited time. The cooperation from the developer team
also had contributed to the successfulness of this study.

Challenge 2: Limited time to design test data

Designing test cases using the pairwise testing
strategy can be tedious and takes a lot of time and effort.
Thus, selection of right testing tools to design a test data,
plays an important roles. Hexawise(Hexawise Team
2012) was chosen in this study based on its features that
can generate test data within limited time and at the same
time ensure the good testing coverage.

CONCLUSIONS

This paper presented the researches’ work in
generating test cases for interaction testing. The test data is
to be used for testing the QMS, which is an ad-hoc system.
The test cases were designed based on the business rules
provided by the developer team.

The pairwise testing was chosen as the test design
strategy. The chosen was made based on its ability to
generate test cases that cover all combinations of the
values for each pair of parameter. Considering that the
researchers were given limited time to complete the
activity due to the short release time, several pairwise
testing tools were considered to be used as the test data
generator.

Hexawise (Hexawise Team 2012), a web-based,
free and commercial tool was selected as the test data
generator tool. Test data covers all pair of interaction and
ensure good testing coverage. The tools also helped the
researches to generate test data within limited time.

The design of the test cases were also discussed
in detail in this paper. A total of 153 test cases were
generated. The execution of the test scripts showed that
only two interaction defects were occurring. The logical
errors only occurred related to the condition for producing
the queue numbers in the QMS. After the logical errors
have been fixed, the test script was executed again for
several times. From the execution, results from QMS are
similar to the expected results. No critical fault was found
with regards to the QMS, thus this had increased the

confidence of the development team in deploying the
system.

From the manual observation made by the
development team during the real setting, no defects were
reported found. The registration process runs smoothly
and without hiccups. Indirectly, the confidence level of the
QMS has been confirmed.

Strategies used by the researchers to deal with the
challenges during the testing activity were also discussed.
On top of the challenges, the research team manages to
complete the testing activity and increased the confidence
level of the development team to release the system.
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