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Abstract

Zoonosis is any diseases that are transmitted from animal to human. The
high-risk impact on zoonosis is increasing since we live in the same
environment with some animals. There is important to enhance our attentions
to resolve this kind problem. Previously, zoonosis prediction framework has
been proposed. This framework was able to predict the number of human
incidence of seasonal zoonosis. However, it still needs to transform the
framework into a user-friendly user interface. This study examined concerns
about the construction of user interface application of zoonosis prediction
framework. The results demonstrate decision support system (DSS)
architecture. The design covers three DSS components, namely database
management subsystem, model base management subsystem, and user
interface subsystem. Spreadsheet DSS was applied for the zoonosis prediction
application. The model was developed by using the VBA for Excel. In
conclusion, the finding determines that the interface can integrate three DSS
components in a single DSS interface.

Keywords: User Interface, Decision Support System, Prediction, Zoonosis.

1. Introduction

It is an estimation that around 75% of infectious diseases in human come from an
animal. Commonly, vertebrae animals can transmit a disease to human and vice-
versa [1]. These diseases are classified as zoonosis.
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Abbreviations

ANOVA  Analysis of Variance

ARIMA  Autoregressive Integrated Moving Average
cVv Coefficient of Variance

DBMS Database Management Systems

DSS Decision Support System

GUI Graphical User Interface

MBMS Model Base Management Systems

VBA Visual Basic for Application

The arising threats of zoonosis incidence require special attention since
there is interaction between human and animal in the same environment.
Different approaches have been conducted to overcome this problem, one of
them through information technology. It was reported by Smith et al. that
more than 44 million cases took place in 219 nations [2]. Recently, more
zoonosis cases in human are emerged, including Zika virus [3], Yellow fever
in Brazil that resulted travel notice to epidemics country [4], and Seoul Virus
[5]. There is a need to propose a decision support system for zoonosis
prediction. This kind of system provided an interesting insight into the nature
of system development which able to forecast a number of zoonosis incidence
in human.

The concept of Decision Support System (DSS) is very broad because of the
many diverse approaches and a wide range of domains in which decisions are
made. Power [6] wrote that research on DSS started in thel960s with the
development of a model-driven system. It was followed by the development of
theory in the 1970s, and then the application of financial planning, spreadsheet
DSS and Group DSS (GDSS) in the 1980s. Turban defines DSS as an approach
(or methodology) for supporting decision-making [7].

DSS [8] also can be defined as a system under the control of one or more
decision makers that assists in the activity of decision making by providing an
organized set of tools intended to impart structure to portions of the decision-
making situation and to improve the ultimate effectiveness of the decision of the
outcome. In general, DSS is a computerized system that can assist the user in
making decisions, including in medical field.

Considering the zoonosis matter, some researchers have conducted a
different study of zoonosis prediction. Nandini et al. developed GUI for
predicting Dengue. The GUI separated two panels which were for
researchers and regular users. Researcher entered data onto the training set,
while the users might get the prediction from the system [9]. Global Early
Warning System (GLEWS) emphasized vector-environment relationships and
potentially predict the risk of disease outbreaks or epidemics in India using GIS
technology [10].

A mathematical approach has the opportunity to predict zoonotic diseases
pandemic [11, 12]. A recent zoonotic disease outbreak motivates numerous
researchers to develop a system prediction, for example Salmonellosis [13],
Zika [13-15], Middle East Respiratory Syndrome Coronavirus (MERS-CoV)
[16, 17], Avian Influenza A (H7N9) [18-20], Rift Valley Fever [21, 22],
and Chikungunya [23-25].
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However, some existing emerging zoonosis systems have been derived
from one method and focus on specific disease. Due to the numerous
available forecasting method, this paper considered six forecasting
techniques. Further, the framework is also can be implemented into various
zoonotic diseases.

A previous DSS framework for seasonal zoonosis prediction was proposed
by Permanasari et al. [26]. It focused on the forecasting of human cases from
seasonal zoonosis. Terminology ‘seasonal’ mean that disease number of
incidence exhibited the seasonal pattern. Furthermore, it is important to develop
a decision support system graphical user interface (GUI) that provide the
feature of the framework. It eases user to access system and get results from
data input.

This paper provided an interesting insight into the nature of GUI
development to forecast a number of zoonosis incidence in human. In
particular, it only focused on the seasonal zoonosis incidence. The remainder of
the paper is structured as follows. Section 2 introduces a zoonosis prediction
framework. Section 3 presents methodology. Section 4 reports the results of
user interface subsystem and system evaluation. Finally, Section 5 presents the
conclusion of the study.

2. Zoonosis Prediction Framework

The previous work by Permanasari et al. proposed a seasonal zoonosis prediction
framework [26]. The system framework was able to predict the future number of
seasonal zoonosis occurrences. It integrated various resources of information and
providing relevant knowledge.

The framework is divided into three DSS components as illustrated in Fig. 1.

a. Database management subsystem

This subsystem is consists of zoonosis database that is collected from zoonosis
incidence in human in United State for the 168 month period from January
1993 to December 2006 (Salmonellosis).

b. Model base management subsystem

This component transforms data from database management system into
information for decision making. Six different forecasting results were
developed in this subsystem (regression, moving average, decomposition,
Holt-Winter’s, ARIMA, and neural network).

c. User interface subsystem

The purpose of this component is to design interaction media between the user
and the model. The user may input different data and get a result
corresponding to the input value. What-if analysis (sensitivity analysis) was
chosen to model the user interface system.
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Fig. 1. Zoonosis prediction DSS [5].

3. Methods

The application of the proposed framework came out with GUI design that was a
representation of three DSS components into a user-friendly interface. The user
can access the system through this interface. The zoonosis GUI was designed
using spreadsheet-based DSS. This section describes the logic used to create
Excel Visual Basic for Application (VBA) model and also includes the different
worksheets. VBA for modelers intends the feature of Excel which can be
extended to provide application front end based spreadsheet [27]. This tool
simplifies spreadsheets transformation into GUI. It also explains the interface that
integrates 3 DSS components in a single DSS interface.

Figure 2 illustrates the flow of DSS GUI based on the proposed framework.
The GUI is opened by “Welcome” form. It is followed by “Process Selection”
form. Through this form, three DSS components are presented and can be
selected by the user. As seen in Fig. 2, different software is used for processing
forecasting results for each method within the MBMS component. Then, the
results are copied into the excel sheet to be further processed.

Using several available methods, there is the possibility of selecting the most
appropriate method that produces the better results. Besides the forecasting
method, the changes in the time series may yield the different results. It was
shown by sensitivity analysis results. Using this analysis, the user could identify
the result fluctuations in the different method. The results provided the user which
forecasting method was more stable based on data updated. Couple with
ANOVA, Duncan Test and CV results, the user could choose appropriate method
that having the smallest variation and relatively produced little fluctuation
triggered by the changing of data.
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Fig. 2. GUI Flow of the proposed framework.

4. Results and Discussion

4.1. Graphical user interface

The application is opened by “Welcome” form as seen in Fig. 3. This form
consists of two command button, namely “About” and “ENTER”. Button
“About” display application description), while when user click button “ENTER”
then it open the application by selection of process in Fig. 4.

User form “Process Selection” (Fig. 4) is divided into two parts, drop down
box for disease selection and frame “Process” for process selection. Using
“Process” users can choose which component of DSS will be processed. There are
three radio buttons to represents each DSS component: “Modify Data” for
DBMS, “Display Forecasting” for MBMS and “Display What-If Analysis for
DGMS. Within this form, the user can also add more disease using command
button “Add Disease”. In Fig. 4, Salmonellosis is chosen as the case study for the
following interfaces.
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ZOONOSIS PREDICTION SYSTEM

Fig. 3. Welcome form.

Process Selection E|

Choose one of the disease for further process,

[

Process OK
+ Modify Data
Cancel
" Display Farecasting
O Display What-If Analysis Add Disease

Fig. 4. Process selection form.

Spreadsheet DSS was applied for the zoonosis prediction application.
Therefore, there are several sheets in DSS application. Figure 5 shows input
sheets for Salmonellosis dataset. Input table is divided into three columns: t,
Month, and No of Incidence. Input spreadsheet is completed by 3 command
button: Continue (for next process), Return to Process Selection (for back to
Process Selection form in Fig. 5), and End (for closing the sheet). Once data are
entered into the sheet, forecasting results can be calculated. The data are
processed through different tools and results for each method are copied into
Forecasting Results sheet as seen in Fig. 6.

The actual data and forecasting results are presented in this sheet, where the
user can select from the list of the command button to display a specific chart. If
the user selects the first option, then the chart is shown graphically as in Fig. 7
and the selection of the last option illustrate the chart in Fig. 8. In each chart, there
is a command button “View Forecasting Sheet” that allow the user for back to
forecasting results sheet.
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Figure 6 represents the process in the MBMS component where beside the
radio button list, it is also provided others calculation in the MBMS, including
ANOVA, Duncan Multiple Range Test, and CV. The process can be accessed
through the respective command button. When the user clicks the buttons,
“ANOVA Result” (Fig. 9), “Duncan Multiple Range Test Result” (Fig. 10), and
“Coefficient of Variance” (Fig. 11) are displayed sequentially.

When users have finished the process in the MBMS, they can back to the
“Process Selection” form to continue accessing other processes. The last option is
“Display What-If Analysis”. The interface of this process is showed in Fig. 12.
The interface contains several buttons for navigating to the various chart sheets.
The example of the first chart can be seen in Fig. 13.

tual Moving Average Regression  Decomposition
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TABLE INPUT FOR HISTORICAL DATA
This table is used to input historical data
It consists of three inputs:
t = sequential number of monthly data
Month = month related to incidence
No of Inciden = number of incidence in a specific month
t Month No of Incidence
; ;2&22 ;ggg Continue
2 Mar-93 2196
4 A5r793 2188 Return to Process Selectio|||
5 | May-93 3131
6 Jun-93 3256 g
7 Jul-93 4819
8 Aug-93 5119
9 Sep-93 4367
10 Oct-93 4980
11 Nov-93 3164
2 Dec-93 4413
13 Jan-94 1560
14 Feb-94 1656
15 Mar-94 1899
16 Apr-94 2799
17| May-94 7529
18 Jun-94 3040
19 Jul-94 4776

Fig. 5. Input table.

FORECASTING RESULT
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Fig. 6. Forecasting results sheet.
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DUNCAN MULTIPLE RANGE TEST RESULT

MS = 33191.85
n=135 Back to Forecasting Sheet
S=24824
R r S LSR Groups Mean
R2 2772 24524099 B8.5812 Actual 3618.207
R3 2918 24524099 72437 A 3619.834
R4 3.017 24524099 74.894 Reg 3620935
RS 3.089 24524099 7B.6682 Decompol 3727677
FB EREL 24.324099 78.097 Holt-"inf 3627.169
R7 3.193 24524099 79.263 ARINA 3643.666
Neural I, 3609.445442
PAIRWISE
Method-1 Method-2 Difr:leerz::ce |Mean Diff| Logic R Conclusion
1 2 -2.732 2732 < 58.8124 |MNo significant different
1 3 -1.627 1.627 < 7243672 |Mo significant different
1 4 -109.47 109.47 > 74.89431 | Significant different
1 5] -5.962 5.962 < 76.68164 |Mo significant different
1 B -25.459 25.459 < 78.09662 [Mo significant different
1 7 8.761556443 | 8.761558443 < 79.26335 |Mo significant different
2 3 1.105 1.105 < 58.8124 |No significant different
2 4 -106.735 106.738 > 7243672 | Significant different
2 5] -6.23 B.23 < 74.82431 Mo significant different
Fig. 10. Duncan results.
COEFFICIENT OF VARIANCE (CV) RESULT
Standard Deviation Mean | Coefficient of Variation
Method © ) (v Rank
Maving Average 1272.203 3620.939 0.351 3
Regrassion Analysis 1250.933 3619.834 0.346 1
Huolt-Winter's 1260713 3627 169 0.347 2
ARIMA 1338.69 3643.666 0.367 4
Meural Network 1327 953 3609, 445 0.368 )
Results
The best method based on CV is Regression Analysis Back to Forecasting Sheet

Fig. 11. Coefficient of variance result.
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WHAT-IF RESULT

Forecast 2008 Forecast 2009

Method Mot oo 5506 [1993 2007 Sensiiviy] 19932006 | 19932007 |Sensiiviy Vﬁvgvfﬂ;":\‘::'r';’é; SSID"BS E;:aasz
Moving Average [January | 1921746 2002.300]  7.710%| 1976.440699) 2016.362396]  1.091%) =
February | 2015587| 2000444  3.581%| 2079.143104| 2066 840284|  -0595%) View sensitivity analysis chart of
March 2411 867| 2495847  3.365%| 2486139418| 2476 529621 | -0 469% g i AL iieees!
April 2602.532| 2607.976 0.209%| 26683.636275| 2620794047 |  -2.398% Wiew sensitivity analysis chart of
May 3165448 3213201|  0.AB4%| 3268 235001 | 3209 435243| -2 455% regrassion 2008 forscast
June 3913508 3097 663|  2.103%| 4030.041366| 3877 262408| -1 583%) Ve sansiliity analysia chart of
July 5230.943| 5100.773| -2.552%| 5403.701159| 5192.539675|  -4.067%) regression 2009 farecast
August 5755.117| 5667135  -1.570%| 5957.622049| 5707 182499|  -4.567%)
September | 5A07.085| 5643754|  2.422%| 5710 0RG36S| 5540 331336|  -3.226% Wiew sensitivity analysis chart of
October | 5182.820| 5025.129|  -3.138%| 5423.863425| 5099.70799| -6.356% decomposition 2008 forecast
November | 4123567| 3600.013| -8.510%| 4246.45055 3911.019901|  -B.577% VView sensitivity analysis chart of
December | 5307.000| 5486000 -7 674% 5007 S4BR| T ETAY decompasition 2009 forecast
Regression  [January | 1546 Ga0| 1813 240| -1 G44%| 1952 323168| 1618 691208] -1 G467 View sensiliity andlysis chart of
February | 1933.323| 1899.891| -1.7B0%| 1938 S6B026| 1505 534066| -1 754% M S ot
March 2297.323| 2263891 -1.477%| 2302.966026| 2269 534066|  -1.473%
Aprl 2466.023| 2432391|  -1.374%| 2471 466025| 2430.034066|  -1.371% Wiew sensitivity analysis chart of
May 2009.304| 2965962 -1.127%| 3005037454| 2971 AOS495|  -1.125% Holt-Wyinter's 2009 forecast
June 3657.160| 3623748 -0.923%| IBE2623166| 629.391209)  -0.921% View sansitivity analysis chart of
July 4851.752| 4518.320| -0.694%| 4957.394597| 4623.962697| -0.693%) ARIMA 2008 forecast
August £319.537| 5286105 -0.632%| 5325 180311| 5201 748352|  -0G32%)
September| 5055.394| 5021962| -0.566%| 5051037454| 5027 605495  -0BB5%) iew m;‘;"g’agﬁ'ﬂ"s;z;“ of
October | 4738.966| 4705.534| -0.710%| 4744.6086803| 4711.176923|  -0.710%)
Movernber | 3640.823| 3607.391|  -0.927%| 3645 466025 3613 034066|  -0.925% Wiew sensilivity analysis chart of
Decemnber | 4905.323| 4871891|  -0.686%] 4910 966026 4877 534066 -0685% neural network 2008 forecast
Decomposition [January 1B36.770( 1524034 -7.397%| 1594.011293| 1509 267276 -5.614% Wiew sensitivity analysis chart of
February | 1709.892| 1565510 -9.223%| 1667 133994| 155076378| -7 504% neural network 2009 forecast
March 2084.422| 1959.330|  -5.394%| 2041663745 1944 591475|  -4.992%
April 2258824| 2097.523| -7 GO0%| 2216 0A5292| 2082 776312| -G A00% Return to Process Selection
May 2753.078| 2608082 -5.790%| 2716 318403 2503 336143| -4 742%)

Fig. 12. What-if result.

Sensitivity Analysis of Moving Average 2008 Forecast for Salmonellosis
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Fig. 13. Example chart of sensitivity analysis forecast results.

4.2. System Evaluation

Within system evaluation, two different approaches were conducted, namely
Black Box Testing and User Evaluation Testing.

4.2.1. Black box testing

The component of the user interface was evaluated by using Black Box method.
Its method focuses on analyzing of software functional requirement [28]. Table 1
provides results of Black Box Testing. It defines numerous zoonosis GUI feature
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and indicates that system functionality fit the expected results. Therefore, a
system performance is acceptable.

Table 1. Black box testing results.

System Feature Expected Results Actual
Results
Welcome Screen The system is able to display a welcome  Valid
message in the beginning.
Process Selection The user can choose a specific disease from  Valid
Form the system.

Input Table The user can input that will be further  Valid
proceeded by the system.

Forecasting The system is capable of displaying  Valid

Results Sheet forecasting results in the selected sheet.

Result Charts The system is able to illustrate result in the  Valid
chart view.

ANOVA Results The system is able to calculate ANOVA  Valid
results and load this information.

Duncan Results The system is capable of calculating Duncan  Valid
method and views the results.
Coefficient of The system is able to compute Coefficient of Valid

Variance Result Variance and display its results.

4.2.2. User evaluation testing

A questionnaire of User Interface Satisfaction from Chin [29] was adapted to
evaluate the user interface. For evaluating the user interface, 4 questions in Screen
part were given to the user. The answers were in 9 scales from 1-9. The question
variables are described as follows:

Reading characters on the screen (score: 1 = hard .... 9 = easy).
Highlighting simplifies task (score: 1 =notall ..... 9 = very much)
Organization of information (score: 1 = confusing ..... 9 =clear)

Sequence of screens (score: 1 = confusing ..... 9 = clear)

The questionnaire was filled in accordance with the state of GUI screen. There
were 4 respondents of the survey, 3 doctors and 1 medical staff who worked at
the hospital. All respondents were experts and had a capability to evaluate the
system. Therefore, the questionnaire results are summarized in Table 2.

Table 2. User evaluation results.

Variables Average Score
Reading characters on the screen 6
Highlighting simplifies task 6.75
Organization of information 6.75
Sequence of screens 7.25

Table 2 shows the mean value of each survey component. Reading characters
on the screen yields the smallest score (6) among all components. It is considered
since in some screen the results are too small to be read. Whilst, highlighting
simplifies task and organization of information score are 6.75. The highest score
is obtained by the sequence of screens. This means screen flow can be followed
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by the reader. Results of Table 2 indicates that overall system screen is quite
acceptable by users.

5. Conclusions

The user interface of zoonosis DSS presents the transformation for zoonosis
prediction framework. The general zoonosis prediction framework has provided a
systematic process forecasting a future number of seasonal zoonosis. The
application of the proposed framework came out with GUI design that was a
representation of three DSS components into a user-friendly interface. The user can
access the system through this interface. The obtained result showed that the
proposed system GUI can model zoonosis prediction system as proved by black box
testing and user evaluation survey. The GUI design was provided as the interface
connection between user and system.
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