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Abstract: Human Development Index (HDI) is an indicator to
see the ruling government achievement, especially in the human
development aspect. It was introduced by United Nations
Development Programme (UNDP) in their 1990 report and
integrated three basic dimensions of human development, i.e., the
ability to lead along and healthy life, to acquire knowledge, and to
achieve a decent standard of living. Indonesia itself was ranked
113 out of 188 UNDP countries and ranked fifth among ASEAN
countries for HDI value based on UNDP Human Development
Re-port 2016: Human Development for Everyone. In this study,
we are trying to forecast Indonesia’s HDI using Exponentially
Weighted Moving Average (EWMA) method. EWMA is a popular
and widely used method to smooth out random fluctuations. Based
on the experiments conducted in 34 provinces in Indonesia,
EWMA has been successfully applied to forecast the human
development index in Indonesia. It has an average score of MSE
and MAPE values at 1.002279153 for MSE and 1.374754513%
for MAPE.

Index Terms. Exponentially Weighted Moving Average,
Forecasting, Human Development Index, Indonesia’s provinces.

I. INTRODUCTION

One indicator to see the successfulness of a government,
especidly in the human development aspect, is by looking at
the Human Development Index (HDI) value. It isan indicator
to measure the citizen’s physic and non-physic qualities [1].
The higher the value meansthe better life quality of citizen of
anation’s has.

HDI was first introduced by the United Nations
Development Programme (UNDP) in 1990 in their report —
Human Devel opment Report — and has been used every year
until now [2, 3]. It integrates three basic dimensions of
human development, i.e., the ability to lead a long and
healthy life, the ability to acquire knowledge, and the ability
to achieve adecent standard of living [4].

According to 2016 UNDP Human Development Report,
the country-level trends on HDI have been impressive over
the past 25 years, where the number of countries classified as
having low human development fell from 62 to 41 and those
classified as having very high human development rose from
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11to51[4]. Figure 1 showsthe regional trendsin HDI values
taken from UNDP’s report.
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Fig. 1. Regional trendsin Human Development Index Values
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On 2015, Indonesiawas ranked 113 among 188 countries
by HDI rank, which was classified as having medium human
development [4]. Among the Association of Southeast Asia
Nations (ASEAN) countries, however, Indonesia was ranked
fifth after Singapore, Brunei Darussalam, Malaysia, and
Thailand [3]. Figure 2 showsthe position of Indonesiaamong
other ASEAN countries.

92,5

740

68,9 g3  es2

Sngepus (8 Brenal  Wwwyiis (89] Thaland (BY]  isdenmle  Viemsam  Migina (108] Lesi[18H)  Kasmbols  Mysemer
Daridalam [S3E] 1% {145) (245)
1304

Fig. 2. ASEAN CountriesHDI [3]

There are till so many works to do by the Indonesia
government and citizen to bring abetter life quality for all its’
people. Ramani [5] also had conducted a research to see the
correlation between HDI with other rate indexes in the
environment, disease, and nutrition fields and found that
there is a significant statistical relation between HDI with
other rate indexes, whether in positive or negative form.

In this research, the authors would like to forecast future
HDI value, especially for different provincesin the Republic
of Indonesia.
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By forecasting HDI values, we could learn which
provinces have an increasing or decreasing index value, and
take a better counter-measurement for improving human life
qualities of Indonesia’s citizen.

A popular and widely-known forecasting method, i.e.,
moving averages (MA) method [6], which has some
variations, was used in the research. Simple moving average
(SMA), weighted moving average (WMA), and
exponentially weighted moving average (EWMA) are some
of MA methods which have been accepted and used in time
series forecasting, as can be seen from researches conducted
by Kapgate [7], Zhuang et al. [8], Ren et al. [9], and Cadenas
et al. [10].

In particular, EWMA, which isalso known as exponential
moving average (EMA), is a special type of MA that uses an
exponential function as the basis in forming the weighting
factors for forecasting. It is a means to smooth out random
fluctuations that has the following properties. (1) declining
weight is put on older data, (2) it is extremely easy to
compute, and (3) minimum dataisrequired [11]. Therefore, it
issuitable to be used in forecasting IndonesiaHDI, which has
small data for each province and linear trend. Furthermore,
mean square error (M SE) and mean absol ute percentage error
(MAPE) are used to calculate the error differences between
the real data and predicted data.

Section 2 will discuss briefly on the forecasting method
implemented in this research together with the three forecast
error measurements which had been mentioned before. In
section 3, we will explain first the pre-processing phase of the
data, i.e., HDI value for each province in Indonesia, followed
by the forecasting results of HDI and evauation using MSE
and MAPE. The experimenta results will be analyzed and
concluded in the last section.

1. EWMA, MSE, AND MAPE

In this section, a brief explanation of the forecasting
method used in this study, i.e., EWMA, will be given. The
two forecast error measurements, i.e., MSE and MAPE, as
evaluation criteriato get the accuracy level of the forecasting
results will also be discussed.

A. Exponentially Weighted Moving Average

EWMA was originated from Robert G. Brown’s work,
who was assigned by the US Navy to develop a tracking
model for fire-control information on the location of
submarines [12]. It puts greater weight on more recent data
than the older ones. EWMA for time series Y can be
calculated recursively using [13]:

S1 =1, 1)

fort>1,S,=a'Y,+(1—a) S;_; ()]

whereY; is the value at time period ¢, S, is EWMA value at
timet, and a is a constant smoothing factor with a range
value between 0 and 1. As suggested by Johnston et al. [14],
a can be estimated as:

2
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However, in this study, we will try to find the best a value
using a brute force approach, which minimizes the error rate
of forecasting results.

B. Mean SquareError

MSE is the average of sguared error sum which can be
found by differencing the actual (real) data with the
forecasted one. Eq. (4) showsthe formulafor MSE [15]:

1
MSE = n ?:1(At - Ft)z (4)

wheren refers to the total number of data, A; is the actual
value of data, and F; isthe forecasted value of data.
C. Mean Absolute Percentage Error

MAPE is the average of absolute error sum between the
forecasted and real data, divided by the real data. As
described by Alsultanny [15], MAPE can be found using:

At—F

MAPE = (31,

) -100% (5)

where n refers to the total number of data, A, is the actua
value of data, and F; isthe forecasted value of data.

1. RESULTSAND DISCUSSIONS

This section is started with the explanation of Indonesia’s
HDI data pre-processing. Then, we depict the forecasting
results of HDI valuefor each provincein Indonesiaand finish
it with some evaluation and analysis of the results.

A. Data Pre-Processing
The data have been used in this study is Indonesia’s HDI
or Indeks Pembangunan Manusia (IPM) in BahasaIndonesia.
We collect the data from Badan Pusat Statistik (BPS) —
Statistics Indonesia [16]. They give Indonesia’s HDI values
for each province in Indonesia from 2010-2016. A total
number of 238 records were taken for all 34 provinces, but
three records of them are missing, i.e., 2010-2012 HDI values
for Kalimantan Utara province. HDI data from 2010-2015 of
each province will be used to forecast 2016 HDI values and
compare it with the real data. HDI itself can be calculated
using Eq. (6). Interested readers are encouraged to see
references[2-3].
(X1+X2+X3)
3

HDI = (6)
where X; is the index value of life expectancy, X, is the
index value of knowledge or education, and X5 is the index
value of adecent standard of living.

B. Forecasting Results

Figure 3 to Figure 5 show the graphs of forecasting results
of Sumatera Barat, DKI Jakarta, and Sulawes Utara,
Kaimantan Selatan, and Papua provinces, respectively. We
won’t show all the forecasting results graphs, but the
mentioned provinces are assumed to represent all provinces
of Indonesia which are scattered on five different islands.
Furthermore, the experiments were also conducted on a
web-based application called Phatsa, which can be accessed
for free on http://phatsa.com/ [17].
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Fig. 5. 2016 HDI forecasting result for Sulawes Utara

C. Evaluation

All 34 provinces’ HDI in Indonesia have been forecasted
using Phatsa. The HDI forecasting results for 2016 are shown
in Table 1. The differences between actual data and
forecasted dataal so had been shown in Table 1 so that we can
calculate the MSE and MAPE vaues of the forecasting

results using EWMA method. It is shown that the forecasting
results of HDI values for 34 provinces have a quite small
MSE and MAPE values, i.e, 1.002279153 for MSE and
1.374754513% for MAPE. Therefore, EWMA can be used as
a forecasting method to predict future HDI values in
Indonesia’s provinces.

Table 1. 2016 Indonesia’s HDI Forecasting Results

A, — F
Province Aljtglal Forsc SISt = A, —F, (A,—F)? < ¢ a -
ACEH 70 68.842 1.158 1.340964 0.016542857
SUMATERA UTARA 70 68.9212 1.0788 1.16380944 0.015411429
SUMATERA BARAT 70.73 69.6328 1.0972 1.20384784 0.015512512
RIAU 71.2 70.8043 0.3957 0.15657849 0.005557584
JAMBI 69.62 68.5325 1.0875 1.18265625 0.015620511
SUMATERA SELATAN 68.24 66.7713 1.4687 2.15707969 0.021522567
BENGKULU 69.33 68.0865 1.2435 1.54629225 0.017935958
LAMPUNG 67.65 66.6426 1.0074 1.01485476 0.014891353
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A, —F
Province Aﬁtglal For:f;fted A, —F, (A,—F)? tAt -
KEP. BANGKA
A 60.55 600422 05078 025786084 0.007301222
KEP. RIAU 73.99 734245 05655 031979025 0.007642925
DK| JAKARTA 796 78918 0682 0465124  0.008567839
JAWA BARAT 70.05 60472 0578 0334084  0.008251249
JAWA TENGAH 6.8 68.78 1.2 144 0017147757
DI YOGYAKARTA 78.38 768646 15154 229643716 0019334014
JAWA TIMUR 69.74 684964 12436 154654006 0.017831947
BANTEN 70.96 702472 07128 050808384 0.010045096
BALI 73.65 732226 04274 018267076 0.005803123
NUSA TENGGARA
e 65.81 64.31 15 225  0.022792889
NUSATTIEANU%GARA 63.13 626208 05092 025928464 0.008065896
KALIMANTAN BARAT 65.88 65212 0668 0446224 0010139648
KALIMANTAN TENGAH  69.13 680208 11092 123032464 0.016045132
KALIMANTAN SELATAN  69.05 67.66 1.39 19321 002013034
KALIMANTAN TIMUR 74,59 73855 0735 0540225  0.009853868
KALIMANTAN UTARA 69.2 686916 05084 025847056 0.007346821
SULAWESI UTARA 71.05 701535 08965 0.80371225 0.012617875
SULAWES! TENGAH 67.47 66.43 1.04 10816 0015414258
SULAWESI SELATAN 69.76 687738 09862 097259044 0014137041
SULAWES| TENGGARA  69.31 681108 11992 143808064 0.017301977
GORONTALO 66.29 654805 08095 0.65520025 0.012211495
SULAWES! BARAT 63.6 62888 0712 0506944  0.011194969
MALUKU 67.6 66.74 0.86 07396  0.012721893
MALUKU UTARA 66.63 65.18 1.45 21025  0.021761969
PAPUA BARAT 62.21 614645 07455 055577025 0.011983604
PAPUA 58.05 56.96 1,09 11881  0.018776916
Tota 340774912 0.467416534
M SE 1,002279153
MAPE 1.374754513

Moreover, based on HDI data for 2010-2016, we can
caculate the percentage development of HDI for each
province in Indonesia. As explained in [3], Eqg. (7) can be
used to calcul ate the percentage development of HDI.

%HDI development = HDIe—HPli1 o 1009 @)

I—1

where HDI, is a region’s HDI value at year t and HDI,_, isa
region’s HDI value at year t — 1.

The average percentage development of all provincesin
Indonesia is 0.854221%. Accordance with [3], Papua,
Sumatera Selatan, and Jawa Timur are three provinces with

the highest development of HDI during 2015-2016. On the
other hand, five provinces with the lowest development of
HDI during 2015-2016 are Kep. Riau, Kalimantan Barat,
Riau, Bali, and Kalimantan Timur. Table 2 shows five
provinces with the lowest human development in Indonesia
(depicted by orange fill color). There could be many aspects
that influence these results. Therefore, further researches
need to be done to know what are the main factors that make
human development progress in those provinces not
increased as much as Indonesia’s government targets.

Table 2. HDI Development of Each Provincein Indonesia

Exploring Innovation

No Province 2015 HDI 2016 HDI % development
1 ACEH 69.45 70 0.791937
2 SUMATERA UTARA 69.51 70 0.704935
3 SUMATERA BARAT 69.98 70.73 1.071735
4 RIAU 70.84 71.2 0.508187
5 JAMBI 68.89 69.62 1.05966
6 SUMATERA SELATAN 67.46 68.24 1.156241
7 BENGKULU 68.59 69.33 1.078874
8 LAMPUNG 66.95 67.65 1.045556
9 KEP.BANGKA BELITUNG 69.05 69.55 0.724113
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10 KEP.RIAU 73.75 73.99 0.325424
11 DKI JAKARTA 78.99 79.6 0.77225
12 JAWA BARAT 69.5 70.05 0.791367
13 JAWA TENGAH 69.49 69.98 0.705137
14 DI YOGYAKARTA 77.59 78.38 1.018172
15 JAWA TIMUR 68.95 69.74 1.145758
16 BANTEN 70.27 70.96 0.981927
17 BALI 73.27 73.65 0.51863
18 NUSA TENGGARA BARAT 65.19 65.81 0.951066
19 NUSA TENGGARA TIMUR 62.67 63.13 0.734004
20 KALIMANTAN BARAT 65.59 65.88 0.442141
21 KALIMANTAN TENGAH 68.53 69.13 0.875529
22 KALIMANTAN SELATAN 68.38 69.05 0.979819
23 KALIMANTAN TIMUR 74.17 74.59 0.566267
24 KALIMANTAN UTARA 68.76 69.2 0.639907
25 SULAWESI UTARA 70.39 71.05 0.937633
26 SULAWESI TENGAH 66.76 67.47 1.063511
27 SULAWESI SELATAN 69.15 69.76 0.88214
28 SULAWESI TENGGARA 68.75 69.31 0.814545
29 GORONTALO 65.86 66.29 0.6529
30 SULAWESI BARAT 62.96 63.6 1.016518
31 MALUKU 67.05 67.6 0.820283
32 MALUKU UTARA 65.91 66.63 1.092399
33 PAPUA BARAT 61.73 62.21 0.77758
34 PAPUA 57.25 58.05 1.39738
AVERAGE 0.854221
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