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Queuing Management System (QMS) has been used in medical facilities to
manage crowd systematically and reduce customer dissatisfaction. However,
customers that use conventional QMS needs to be within the facility to have
access to the QMS information. With the integration of mobile application
and cloud based QMS, customers are able to access QMS information
anywhere. However, migrating to a new technology requires a study on the
readiness of the system. Hence, the objective of this study is to understand
the effect of implementing QMS by investigating the effect of time
efficiency, cost efficiency, accessibility, reliability, variety, convenience
towards customer satisfaction. 311 respondents were given survey questions
with 100% response rate. The results were analysed using Statistical Package
for the Social Sciences. For reliability analysis, the survey questions were

Statistical study proven to be valid, where factor analysis done supports the results to be

Survey effective for further analysis. Correlation and regression analysis done also
show that there are influences between the independent variables and the
dependent variable.
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1. INTRODUCTION

Queue management system (QMS) is commonly found in facilities that has a needs to manage huge
number of customers such as hospitals, governmental offices, financial institutions and educational
institutions [1]. With QMS, customers will be able to estimate when they are going to be served fairly.
However, customers that use QMS needs to be within the facility to have access to QMS information.
In medical facilities, where time taken for a service can be long and the crowd can be high, waiting in queue
physically leads to unnecessary cost and stress to the customers. In addition, there are medical facilities that
have not yet implemented QMS due to the cost involved. With the development of cloud technologies,
such concerns can be addressed. Integrating cloud technologies with QMS reduces the entry cost for an
organization as the software and hardware are hosted remotely [2]. Organizations will be able to use
resources as they want whenever they need, indicating lower exit cost, mitigating the risk of implementing
new system [3]. Furthermore, with the gaining popularity of mobile application along with the integration of
cloud technologies, customers will be able to access QMS information anywhere and anytime they want
through the application.
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However, a thorough study on the impact of implementing cloud based QMS on mobile users in an
urban area is yet to be studied. Hence, the objective of this paper is to understand the effects of implementing
cloud based QMS towards customers by investigating the effect of the independent variables (1V), which are,
time efficiency, cost efficiency, accessibility, reliability, variety and convenience towards the dependent
variable (DV), which is customer satisfaction. The result of this research will help organizations to
understand whether there is a needs of implementing a cloud based QMS in their premises. With the
understanding, organization will be able to improve employee’s productivity while increasing the customer
satisfactions should they choose to opt for cloud based QMS. The layout of this paper is as follows: Section 2
will discuss on the literature review, Section 3 will be on the methodology, Section 4 on the results and
discussions and the conclusion will be done in Section 5.

2. LITERATURE REVIEW
2.1. Waiting and Crowd

Previous study in [4] shows that people in United States spend approximately 37 billion hours each
year waiting in line, while in United Kingdom, another study shows that an average adult spends
approximately one year of their lives in queue [5]. Queuing will cause psychological effects such as anxiety,
waiting uncertainty, unexplained waiting time and unfair wait [6]. There are numerous evidence in the
literature that illustrates the relationship between cost and waiting time. Farnworth [7] and Cullis et al. [8]
agreed that there is an optimal waiting time from patient’s perspective, proving that in health industry,
the longer the wait, the higher is the treatment cost. From a medical perspective, there is a relationship
between waiting time and health, as well as waiting time and cost. Cullis et al. [8] mentioned that waiting for
treatment may affect health in multiple ways which may lead to cost-ineffectiveness. Simons et al. [9] stated
that for patients seeking medical attention, monetary and time are equal factors when choosing services.
People do not mind to pay more for faster services. Different study shows that long waiting time indicates
poor organization process, which indirectly illustrates the lack of respect to their customers [10]. This proved
that the longer the customers wait, the higher the organization will lose them. Visa Contactless study find that
the people in the United Kingdom spend 18 hours per year in queuing, leading to retailer at the risk of losing
loyalty customers [11]. The study also shows that 89% of the consumer decided to leave the business due to
excessive queuing.

2.2. The Importance of Queuing Management System

Generally, QMS is used for congestion control to manage the flow of the organizations’ customers,
from the first contact with the organization to the time when the customers complete their transactions.
Customer’s flow can be categorized into seven processes based on Maitanmi et al. [12] which are pre-
reception, reception, waiting, service, post-service, administration, and stochastic process. Waiting line
systems models is used to illustrate different ways on how to use QMS [12]. In queuing theory, waiting line
models is described as the calculation models from a management perspective that help organizations to
make decisions on which waiting line models to be chosen. Important information from each waiting line
models include waiting time, average customer’s arrivals, service stations characteristics, and system
disciplines. These models are derived from mathematical formulas and relations to obtain the productivity
and operation effectiveness. The calculation includes but not limited to the probability that no customers in
the line, average waiting customer in line, average customers in line and being served, the average time
spends in line, the average time spends for the process excluding the service time, and the probability that
customers need to wait for the service [12]. From the calculations, organizations can then design their waiting
line models that best fit their needs, environment, and resources. When investigating the advantages of QMS,
the benefits can be demonstrated from three perspectives: customers, employees, and managers. From the
customers’ perspective, QMS can reduce the waiting time at a location. In addition, QMS helps in speeding
the service time since the queue is being managed by the system, instead of done manually [12].
From customers’ perspective, QMS provides a sense of fairness, leading to an increase to customer’s
satisfaction including filling their time with other useful activities other than queuing. This may reduce their
anxiety and increase satisfaction, and indirectly will improve the service quality [12]. From the
organization’s employees’ perspective, their productivity and working efficiency can be improved with the
help of QMS [12]. Organization’s managers can also benefit from QMS, with reports generated allowing
them to measure their subordinates’ performance as well as to optimize resource allocation, manage
subordinates’ workloads, hence, providing a better service to customers [12].

There are studies involving different approaches to notify customers about the queue information.
One study by Arun et al. [13] uses a Global System for Mobile (GSM) as well as the Short Message Service
(SMS) technology to deliver messages to patients who has appointments with doctors. GSM modem can be
used as an interfacing element between two mobile devices in a server-client architecture [14], hence,
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establishing a communication application. In addition, not only the queuing information can be notified to the
customers through SMS, in an appointment based queuing, Global Positioning System (GPS) can also be
used along with General Packet Radio Service (GPRS) to describe the location of customers and calculate the
distance between customers and the organization’s location making QMS more efficient and smart [15].
Here, the estimated waiting time and estimated time of arrival can be used by customers to decide when the
optimum time to start heading to the location is. The integration of mobile communication together with
cloud technology leads to a high potential in further improving QMS for a better customer satisfaction.
However, a detailed study has to be done before implementing a new system in medical facilities. In this
paper, the acceptance of implementing cloud based QMS towards mobile users will be investigated. Thus,
the following section of this paper will focus on investigating the effect of time efficiency, cost efficiency,
accessibility, reliability, variety and convenience towards customer satisfaction.

3. METHODOLOGY

This paper presents descriptive approach through surveys and meta-analysis approach through
results obtained from the survey. This study can be considered as an exploratory research, and the correlation
between the studied components and customer satisfaction will be further investigated, while considering the
effect of integrating mobile application and cloud technologies with QMS. Based on Krejcie and Morgan
[16], the appropriate sample size is 310 based on 1600 total population. The number of cases per medical
facility per year is approximately 1600 or on average 31 cases per facility. Therefore, ten clinics are chosen
for this study is to achieve 310 population taking into account that 31 patients per clinics will be used for
samples. The research will be focused on small to medium clinics within Klang Valley, Malaysia. This area
is chosen due to their high number of populations and residences’ income range diversities. Other than
demographics criterion, six 1V will be considered in this study. All the 1V will be studied against the DV,
which is the customer satisfaction. The IV are time efficiency, cost efficiency, information accessibility,
application reliability, functional varieties, and convenience or the ease of use of the mobile application.
The reason why customer satisfaction is chosen as the DV aside from understanding the effect of IVs is due
to the likelihood of customers’ willingness to use such application given the sets of condition. The expected
behaviour is the higher the customer satisfaction value, the higher the chances of users using the application
to fit their purposes.

Studies about cloud technologies, the effects of waiting, QMS and mobile application developed are
first done in order to establish survey questions used to obtain the results. Before the actual survey is done,
a pilot study will be conducted to obtain the reliability, and the effectiveness of the survey on 100
respondents. After verifying that the result of the pilot study is acceptable, the survey questions will then be
distributed around Klang Valley area, mainly Selayang, Damansara, Shah Alam and Bukit Jalil to 311
respondents. In addition to the survey result, interviews with the respondents as well as the employees of the
facilities will also be conducted not only to support the result from the survey, but also to understand the
nature of the results. The survey result from the pilot study as well as the actual survey will be analysed using
Statistical Package for the Social Sciences (SPSS), which is a statistical tool to generate values that will be
discussed in the next chapter. For the pilot study, only reliability analysis will be done in order to confirm the
effectiveness of the survey. For the actual survey, two approaches are used to analyse the results:
1) descriptive analysis illustrated by charts and table for correlation between demographic attributes and
customer satisfaction; 2) factor and correlation analysis between 1Vs and DVs. Correlation analysis will be
able to conclude the relationship between the variables, on how the IV affects the DV, while factor analysis is
to measure the gap for the components, if exist, for the DV. Factor analysis, will also be supported using the
level of acceptance of Kaiser-Mayer-Olkin (KMO) index, as well as Bartlett’s test [17].

In order to understand how reliable the proposed survey is, a pilot study is conducted. The pilot
study must be performed before the actual data collection to prove that the survey results gathered will be
able to support the results from the actual data collection. If the results from the pilot study is not reliable,
then further correction must be made to the survey questions until an acceptable result is obtained.
A different sample population is used for the pilot study, which can also be considered as the control group.
Based on previous researchers, the sample size of a pilot study should be at least 10% of the size of the actual
respondents [18, 19]. Using the rule mentioned by Roscoe, which states that the appropriate number of
respondents should be between 30 and 500 [20], having 100 respondents is sufficient to determine the
effectiveness of the survey questions. For the purpose of this study, the survey questions were distributed to
100 respondents who are using QMS in the Selayang area. From the result of pilot study, the reliability of the
research instrument will be analysed using the same research tool, which is the SPSS. In order to measure the
reliability of the study, Cronbach’s alpha value, which is calculated using SPSS is used. From the value,
the relationship of the survey questions within the same set of an 1V can be determined. A good and reliable
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value for Cronbach’s alpha must be at least 0.70, as stated by Anastasiadou [21]. In other words, for each of
the 1V, the correlation between each question can be considered to be acceptable, if and only if the
Cronbach’s alpha value is larger or equal than 0.70 [22]. Therefore, the results collected from the pilot study,
based on 46 questions on 7 variables excluding the demographic questions, were good and reliable. Table 1
(column Pilot Study) shows the result of Cronbach’s alpha for overall components for the pilot study.
Based on the result it can be seen that the Cronbach’s alpha value for all variables, even excluding the DV,
show a result of higher that 0.70. Hence, concluding the result from pilot study is good and reliable. A value
of 0.964 for all variables show that the relationship between each question within the survey has a very good
correlation. In addition, all IV also have a very reliable relationship, shown by the high value (0.952).

4. RESULTS AND DISCUSSION

In this study, all respondents answered the survey through face-to-face interaction which were
distributed to anyone waiting not only within the facilities but also around the vicinity of the clinics.
There are a total of ten clinics involved directly and indirectly in this study. Two main analysis that will be
conducted: descriptive and factor analysis. The first analysis will be on demographic background for all 311
respondents such as gender, residence, and nationality.

Figure 1 illustrates the results collected for the demographic background in this study. The second
analysis will be focused on the relationship between the IVs such as time efficiency, cost efficiency and
accessibility. The research tool used to analyse the data collected from the survey is the SPSS software where
it will be used to aggregate and calculate the results for both analysis. The results will include reliability test
of each 1V and DV for the population within this study scope and discuss the results from the factor analysis
as well as multiple regression tests. By conducting multiple regression tests, in addition to factor analysis, the
level of relationship between 1Vs and DVs can be clearly illustrated.
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Figure 1. Demographic profile summary

4.1. Reliability Analysis

Reliability test was done for each of the variables on the results conducted for this study.
The purpose of reliability test is to make sure that the variable is significant for data collected using the study
of main population. Table 1 (column Actual Survey) illustrates the overall value of Cronbach’s alpha for all
variables as well as without including the DV. As can be seen from the results, both values show above 0.7,
indicating that the correlations for all questions conducted for the survey is good and reliable [22].

Table 2 demonstrates the Cronbach’s alpha value for each of the variables. In order to develop an
effective survey, the results obtained from the survey must be verified to be valid and reliable. The validity of
the results can be proven using the Cronbach’s alpha values for each of the components from the reliability
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test where all values is recorded to be larger than the acceptable value of 0.7. The values show positive
results not only when the survey is done on clinics, but also during the pilot study as well. Therefore, it can
be concluded that the first objective has been achieved which is developing an effective survey on the
readiness of QMS implementation in clinics for highly populated area.

Table 1. Reliability Results on All Variables on Pilot and Survey Study

Variable Cronbach’s alpha (>0.70) ) Number of items ) Total Respondents
Pilot Study  Actual Survey  Pilot Study  Actual Survey  Pilot Study  Actual Survey
All variables 0.964 0.948 46 46 100 311
All independent variables 0.952 0.928 41 41 100 311
Table 2. Reliability Analysis of each Variables
. Cronbach’s alpha (>0.70)
Independent Variables Focus Pilot Study  Actual survey
Time Efficiency QMS and Mobile Application 0.775 0.780
Cost Efficiency QMS and Mobile Application 0.782 0.731
Accessibility QMS and Cloud Technologies 0.732 0.719
Reliability QMS and Cloud Technologies 0.778 0.744
Variety QMS and Customer Satisfaction 0.916 0.907
Convenience QMS and Customer Satisfaction 0.706 0.710

4.2. Factor Analysis

Factor analysis is used to validate the data collected using the survey questions. The first key
measurement used in this study is the KMO index. KMO value will be able to tell the differences between
partial correlations and the original correlations, within the same set of variable. From [21], KMO value of
above 0.90 shows a marvellous acceptance level, 0.80 to 0.89 is meritorious, 0.70 to 0.79 is middling, 0.60 to
0.69 is mediocre, 0.50 to 0.59 is miserable, and below 0.50 is unacceptable. In addition to KMO, Bartlett’s
test will also be used to investigate the relationship between correlation and identity matrix, hence, validating
the redundancy between the variables. Using Bartlett’s test, the null hypothesis can be rejected, if and only if
the significance value is less than alpha value of 0.01 percent. Not only that the null hypothesis is rejected
through Bartlett’s test, the population matrix will also be considered as identity and the data collected are
suited for the purpose of the study since there are correlations in the data. Another key measurement that will
be investigated is the total variance of the factor analysis. Based on the standards in social science study,
the total variance should be larger than 60%, where components within one variable can explain 60% of the
variance in one factor. Table 3 shows factor analysis results against an IV with KMO, Bartlett’s Test and
total variance.

Table 3. Factor Analysis Results

Variables KMO  Bartlett’s Test  Total variance
Time Efficiency 0.620 sig = 0.000 87.772 %
Cost Efficiency 0.707 sig = 0.000 88.206%

Accessibility 0.734 sig = 0.000 88.423%
Reliability 0.528 sig = 0.000 93.193%
Varieties 0.623 sig = 0.000 71.094%
Convenience 0.560 sig = 0.000 88.473%
Satisfaction 0.627 sig = 0.000 88.784%

The KMO generated from reliability and convenience show the values of 0.528 and 0.56
respectively. While the KMO values show a miserable acceptance value, the values are still acceptable since
they are higher than the minimum KMO acceptance value of 0.50. On the other hand, the KMO values for
time efficiency, varieties and satisfaction show the values of 0.62, 0.623 and 0.627 respectively, which are
considered as mediocre. The KMO values for both cost efficiency and accessibility are recorded as middling.
All variables indicate higher value than the minimum KMO requirement of 0.50. The Bartlett’s test for all
variables show a value of 0.000 and lower than the significance level of 0.01%, indicates that the null
hypothesis is rejected and the correlation matrix is accepted as identity. In other words, the components or
the questions used for each variables can be concluded to be valid and correlated to each other. The total
variance for all variables are recorded well above the minimum standards of 60% according to the standards
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of social science. Therefore, based on the results provided in Table 3, all 55 questions used for all seven
components can be concluded as valid and appropriate. Therefore, the second objective for this paper,
where factor analysis method for validation of the survey questions has been achieved and completed.

4.3. Correlation Analysis

The next analysis conducted for this study is the correlation analysis between Vs and DVs.
The purpose of such analysis is to determine the strength of relationships, if any, between the 1Vs and DVs.
Based on the correlation coefficient categorization provided by Christine and John [23], coefficient value of 1
represents perfect correlation, 0.70 to 0.99 is strong, 0.30 to 0.69 is moderate, while 0.10 to 0.29 and 0 value
are weak and zero correlation respectively. Table 4 shows the correlation analysis on time efficiency,
cost efficiency, accessibility, reliability, varieties and convenience variables towards satisfaction. The p value
obtained for all variables is 0.000 which is less than 5% significant level (2-tailed), indicating that there is a
relationship between all variables mentioned and satisfaction. Correlation coefficient values for time
efficiency, cost efficiency, reliability and varieties are positive, indicating that customer satisfaction is higher
when these variables are managed better. However, the relationship between accessibility and satisfaction is
only moderate, since the value is 0.587. Thus, accessibility variable has a moderate influence towards
satisfaction. On the contrary, the strength of the relationship is moderate between convenience and
satisfaction since the value of the correlation coefficient is 0.321. In other words, while customer satisfaction
can be increased through better convenience or more user-friendly the software can be, the effect is just as
strong as compared to the other 1Vs.

Table 4. Correlation Analysis (CA)
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PC=Pearson-Correlation; 2T =2-tailed; SF=satisfaction; TE=time efficiency; CE=cost efficiency; ACC=accessibility; RL=reliability;
VR=varieties; CV=convenience

** Correlation is significant at the 0.01 level (2-tailed).

4.4. Regression Analysis

The regression analysis was also done for the purpose of this study to observe how the in I1Vs
contributed to the DVs. According to Chang et al., the result of regression analysis will be able to determine
the weight on how the Vs influence the DV [24]. For range of R-Squared value from 70% to 100%, it is
interpreted as strong correlation, while for 30% to 69.9% and 0% to 29.9% are moderate and weak
correlation accordingly. Another approach to interpret the R-Squared value is using the Durbin-Watson test
[25]. This test will further support the results obtained from the regression analysis. However, the purpose of
the Durban-Watson test is to verify the autocorrelation between the 1Vs and the DVs. The values for Durban-
Watson test falls between the ranges of 0 to 4, where value close to 0 means positive autocorrelation, close to
2 is non-autocorrelation and close to 4 is negative autocorrelation.

Based on Table 5, the value for R for time and cost efficiency are 0.914 and 0.917 respectively,
which indicate that the relationships between time and cost efficiency towards satisfaction have a strong
correlation. R-Squares for both time and cost efficiency are 83.5% and 84%, which also supports that the
strength of correlation is strong. With Durbin-Watson test value closer to 2, with a value of 1.557 for time
efficiency ad 1.454, the regression analysis results strongly suggest that the Satisfaction index is mainly
influenced by both cost and time efficiency variable. R square values for accessibility, reliability and variety
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are recorded at 34.4%, 68.7%, and 58.0% respectively which all fall under “Moderate” category. This shows
that there exists moderate relationship between accessibility, reliability and variety toward the customers’
satisfaction. The Durbin-Watson value is calculated to be 1.907, 1.741 and 1.804 respectively for
accessibility, reliability and variety. The values are closer to 2 indicating that it is non-autocorrelation.
The results of R-Square for convenience is 10.3% demonstrate the strength of correlation between
convenience and satisfaction is weak. The Durbin-Watson test recorded at 2.032, which is closer to 2
indicates that there is a non-autocorrelation between convenience and satisfaction. In other words, there is a
weak influence on satisfaction when it comes to convenience, and convenience as a variable might not justify
the level of satisfaction.

Table 5. Model Summary Predictors on Satisfaction
Model (Predictors - Constant) R R Square  Adjusted R Square  Standard Error of the Estimate ~ Durbin-Watson

Time efficiency 0.914 83.5% 0.834 0.24786 1.557
Cost efficiency 0.917 84.0% 0.840 0.24372 1.454
Accessibility 0.587 34.4% 0.342 0.49361 1.907
Reliability 0.829 68.7% 0.686 0.34084 1.741
Variety 0.761 58.0% 0.578 0.39520 1.804
Convenience 0.321 10.3% 0.100 0.57736 2.032

Table 6 shows the ANOVA test done between time efficiency, cost efficiency, accessibility,
reliability and convenience on satisfaction. The result shows that the p value for all predictors are 0.000
which are less than 1%, indicating that the result is significant at 1%. The results supports direct influence
between all the predictors and satisfaction.

Table 6. ANOVA Test of Predictors on Satisfaction

Predictors Time efficiency  Cost efficiency Accessibility Reliability Variety Convenience
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RG = Regression; RS = Residual; T = Total

5. CONCLUSION

This paper has investigated the effect of implementing cloud based QMS on mobile users. The study
is focused on the relationship of the independent variables, which are time efficiency, cost efficiency,
accessibility, reliability, variety, and convenience towards the dependent variable, which is the customer
satisfaction, has been concluded to have significant correlation, in a positive manner. Each of the independent
variable, focuses on a different aspect of the system, which involves the use of mobile application, as well as,
the implementation of cloud technologies. The recommendation for future study is implementing the same
set of survey questions on samples that used the system, using a different dependent variable such as
employee productivity, and investigating the effect of such system to an organization revenue. The results
from the recommended study, will not only support the result for this study but will help organizations decide
to implement or start using QMS integrated with cloud technologies and mobile application.
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