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Abstract—Using spoken language is the easiest and most natural way of com-
munication for human beings. The communication between humans and ma-
chines using sounds or language is a huge move forward. This article demon-
strates the development of a mobile application for managing household accounts
with the integration of a speaking voice and touch-screen function on
smartphones; this could also be used as a tool to manage household accounts for
elderly Thai people. The content was evaluated by five experts to identify each
feature of the developed mobile application. Afterwards, the developed mobile
application was distributed to thirty-three elderly people. The findings showed
that the elderly people were able to learn and use the mobile application effec-
tively. The learning post-test results scored higher than the pre-test results. The
effectiveness evaluation results in terms of the accessibility barriers that can be
faced by elderly people while using mobile applications showed that the average
mean was 4.13 and the standard deviation was 0.34 and the acceptance of the
mobile application based on accessibility barriers that could be detected by el-
derly people while being used has high consensus. This indicates that the devel-
oped mobile application is effective for elderly users at a high level.

Keywords—Mobile application, elderly system, household account, speech
recognition.

1 Introduction

Thailand has entered an aging society in which the elderly population (aged 60 years
old or more) increased from 6.8% of the total population in 1994 to 14.9% in 2014;
45.1% were made up of elderly men and 54.9% were taken up by elderly women. The
elderly population had risen from 6.8% of the total population in 1994 to 9.4% and
10.7% in 2002 and 2007, respectively. By 2011, they had grown to 12.2%. In other
words, Thailand is one of the ASEAN member countries who are entering into an aging
society. An aging society refers to the rise of the elderly population (when citizens aged
60 years old or over comprise 10% or more of the total population), while the youth
and working populations reduce [1]. The fact that the elderly population accounts for
more than 10% of the total population indicates a genuine aging society [2]. Scholars
estimate that Thailand will have 14.4 million elderly people by 2025 and reach 27% of
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the total population in 2050, in which women will have a longer life expectancy by 4-
5 years than men on average [1].

Statistically, the household debts in 2018 amounted 12.8 trillion baht; they had in-
creased by 6% and accounted for 78.6% of the country’s GDP for two respective quar-
ters. When compared to other countries, Thailand was ranked 10th among 89 states and
3rd among 29 in terms of household debts to GDP. In 2019, Thai household debts rose
to 10th in Asia [3]. The household accounting, hence, must be managed since the fi-
nancial discipline works as an immunity for all ages and both genders. Having sufficient
knowledge and tools as well as real practice in order to notice the unnecessary expend-
itures can help them reduce such expenses and save more money for their old age when
they would have lower incomes. This is because, if debts are made by older people, it
will be burdensome and negatively affect both their children and themselves.

Now digital technology, software and smartphones have been rapidly developed and
are playing a huge role in the modern way of living. According to elderly people are
likely to use the internet to some degrees [4]. The older people are not only able to use
mobile applications for surfing, engaging in social networks and staying in touch with
their families and friends, but they also use the interface for practical purposes like
traveling, finance, education and shopping. This research applies the digital technology
as well as computer software to the development of a mobile application for managing
elderly Thai people’s household accounts on mobile devices. This application will al-
low them to use their smartphones to manage their household accounts by giving com-
mands to the interface on their smartphones. The older people can use spoken com-
mands and touch screens to operate their household accounting. This can alleviate the
limitations of their eyesight due to their aging and reduce the problems of unclear tiny-
sized displays on the relatively small smartphones, while considering the mentality of
the older people who still believe that they have the same capability as the younger
people and acknowledging their privacy. Giving commands by using speaking voices
solely also allows others to hear the commands. Since elderly people in Thailand mostly
live with their children and grandchildren as an extended family, they play a significant
role in taking care of the household accounts. Elderly people therefore can be the role
model for the younger generations in terms of household accounting, and helping them
become more financially disciplined and reduce the household debts of Thailand as a
whole. More importantly, household accounting can help them train their brains, give
them daily activities and diminish their exposure to the major depression disorders and
dementia. This paper is consisted of different sections as follows. The Section 2 in-
cludes the studies on the speech recognition and previous researches. The principles
and concepts of speech recognition will be applied to the development of the mobile
application of managing household accounts with the integration of a speaking voice
and touch-screen function on smartphones is presented in Section 3. In Section 4, there
are the results of the effectiveness evaluation of the mobile application. Finally, a con-
clusion is provided in Section 5.
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2 Speech Recognition

Speech recognition (SR) is the interpretation of spoken words into texts [4]. Pre-
cisely, it can be defined as recognizing voice by computer and operating the requisite
task. The process of speech recognition converts a speech signal to an order of words
as a computer program [5]. It is additionally known as ‘automatic speech recognition’
(ASR), ‘computer speech recognition’ (CSR) or ‘speech to text’ (STT). Speech recog-
nition technology has granted computers the ability to follow human voice commands
and comprehend human languages.

2.1  Probability theory of speech recognition

The fundamental purpose of a speech recognition system is to figure out the most
distinct symbol order out of all the valid sequences in the language L, from the given
acoustic input O [6]. As mentioned above, the input refers to a set of distinct observa-
tions, in the way that

0 = 04,0,,03, ....,0; (D
Likewise, the symbol sequence to be noticed is represented as:
W=w, w,, W3 . Wi 2
The primary ASR system goal can then be explained as:
W=argmax P(W|O)for W ¢ L 3)

This equation implies that, for a given sequence W and acoustic input sequence O,
the probability P(W]O) needs to be defined. It is possible to apply Bayes’ theorem to
this probability to obtain the following equation:

P(OW)P(W)

P(W|0)= PO)

“

The quantities on the right-hand side of the equation are less complicated to calculate
than P(W]O). P(W) which represents the preceding probability for the sequence itself.
The calculation is made by applying the prior knowledge of occurrences of the sequence
W. As each candidate sentence W has the same P(O), the equation 4 can be interpreted
as [7].

P(O|W)P(W)

PO) =argmaxP(O|W)P(W) for WEL (5)

W=argmax
The probability P(O|W) or the tendency of the acoustic input O, given the sequence

W, refers to the observation likelihood called the ‘acoustic score’. By employing the
Hidden Markov Model, this quantity can be identified [7].
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2.2 Speech recognition architecture

A general speech recognition system is established with key elements consisting of
acoustic front-end, acoustic model, lexicon, language model and decoder as illustrated
in Figure 1. Acoustic front-end is responsible for transforming the speech signal into
consistent features which contributes appropriate data for recognition. The input audio
waveform from a microphone is transformed into an array of fixed-size acoustic vec-
tors; this process is called ‘feature extraction’. The calculation of parameters of
word/phone models is operated by using the acoustic vectors of training data. The de-
coder functions in a way so that it will search through all possible word sequences in
order to discover the sequence of words that will possibly achieve the most. The prob-
ability is indicated when an acoustic model P (O|W) and P (W) are identified by a lan-
guage model [8].

Speech Utterance

%
@
’*_ w
‘\.
Feature
l vector

Search Algorithm

(Decoder) P -
!

Fig. 1. Speech Recognition System Structure

Acoustic

The performance of an automatic speech recognition system can be illustrated as an
extraction of a sum of speech parameters obtained from the acoustic speech signal for
each word or sub-word unit. The speech parameters depict the word or sub-word by
their changes over time, collectively building up a pattern that portrays the word or sub-
word. In a training stage, all the words of the vocabulary will be read by the operant
during the ongoing operation. Afterwards, the word patterns are stored and then, when
a word is to be identified, its pattern will be matched with the stored patterns and the
word that provides the best match is chosen [8]. This technique is normally called ‘pat-
tern recognition’.

iJIM — Vol. 14, No. 2, 2020 87



2.3  Automatic speech recognition techniques

The establishment of automatic speech recognition techniques are applied to support
elderly households. Speech recognition is expected to give the best results in the case
of elderly people. Devoted speech corpora were transcribed and used for developing
generic speech recognizers to this group of the population. The assessment results of
the first experiments were adopted to draw conclusions about the alarm called ‘detec-
tion’. The second experiments included participants who had tried the fall scenarios in
a practical smart home; 67% of the distress calls were found online [9]. The PaeLife
project is a European business-scholar collaboration in the scheme of the Ambient As-
sisted Living Joint Program (AALJP), which aims to develop a multi-mode, polyglot
digital personal life assistant to support elderly citizens who are socially incorporated.
Using oral expressions is a dominant interaction mode of AALFred, which is the Win-
dows application invented in the project. The application can be conducted employing
speech input in four different European languages, including French, Hungarian, Polish
and Portuguese. This research concisely introduces the personal life assistant and later
emphasizes the speech-involved accomplishments of the project such as the collection,
transcription and annotation of huge corpora of elderly speech, the invention of auto-
matic speech recognizers revised for elderly speakers, a speech modality factor that can
conveniently be used again in other applications, and an automatic grammar translation
service which permits a rapid increase in the application of automatic speech recogni-
tion in new languages [10]. The study of the development of the Automatic Speech
Recognition Techniques is applied to the mobile application development for seniors
in order to support the elderly way of living in different aspects of life. This article will
present the development of the mobile application for elderly household account man-
agement towards the commands made by speeches and touchscreens. The researchers
also considered the mentality of older people who still believe that they share the same
capability as the younger generations as well as their need for privacy. This will allow
the serious to enjoy the mobile application by designing and developing it for elderly
household accounting as mentioned in Section 3.

3 Methodology

The research methods for studying the development of a mobile application for man-
aging household accounts using Thai speech recognition include the following steps:

31 Collection data

This research had conducted the data collection for household accounting consisting
of when the dates, incomes and expenses were made, lists of recorded items earned
and/or spent, the amount of money earned on each day, the amount of money spent on
each day, remarks working as self-reminders, the total amounts of money earned and
spent each month, data and the amount of money indicating the differences between
incomes and expenses and, finally, the recorded amount of savings in case the number
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of incomes are higher than the number of expenses. Normally, older people tend to
record their household accounts on paper.

3.2 The design of the mobile application

The information was collected from the data collection process to develop the fea-
tures in the mobile application. The consistency of the contents was analyzed by five
experts in the field of information technology and accounting. Accordingly, the infor-
mation was taken from the experts to determine the IOC value by using the formula as
presented in the equation [11]:

_ IR
10C= 22 (©)

Y. R is the sum of the scores that the experts rate.
R is the score that the experts rated.
N is the number of the experts.

The features in the mobile application were assessed by five experts specializing in
the field of information technology and accounting. The Index of item objective con-
gruence (IOC) was applied to the evaluation [12][13][14] to determine scores. If the
criteria measured by the IOC value of each indicator was higher than 0.5 (the highest
IOC value is 1), it could be implied that the features met the objectives and possessed
the contents suitable for the operation, showing that the features worked effectively.
For instance, if the IOC value of each indicator was 0.8, it means the features met the
objective and were suitable for using in the evaluation. The experts were able to give a
rating by considering the assessment criteria as shown in Table 1.

Table 1. The criteria of content consistency for identifying features in the mobile application

development
Rating criteria Meaning

1 There is content consistency, showing the suitability to be used as a feature in the appli-
cation.

0 There is uncertainty in the content consistency, resulting in its inappropriateness to be
used as a feature in the application

-1 There is neither content consistency nor appropriateness to be used as a feature in the ap-
plication.

Figure 2 summarizes the IOC evaluation to identify features for the operation of the
elderly household accounting mobile application.
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Fig. 2. The feature in the operation of the mobile application

3.3  Development of the mobile application

According to the design stage, this research aims to develop the application that
works with both iOS and Android operational systems by applying the Ionic Frame-
work, which consists of HTML, TypeScript and Ionic Speech Recognition. The process
involves the information hyperlinks on WebServer which is the host service for clients.
JSON is applied to share the data, while the data are stored in a MySQL database show-
ing the architecture used in the development of the mobile application as shown in Fig-
ure 3.

. ionic framework
W_’-‘_ @
HTML TypeScript ionic speech
recognition
) — -

l JSON String

Application

T

Fig. 3. The architecture used in the development of the mobile application
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Before developing the mobile application. There has been a process for testing the
validity of ionic speech recognition in Thai speech recognition related to recording
household account information and menus in the application. By five experts in the
field of information technology, Thai language, and accounting. The accurate results
are 98% in Thai speech recognition related to household account information and
menus in the system. The results from all experts are consistent in the same direction.

The development of the inputs and outputs was designed by using colors to differ-
entiate the incomes, expenses and savings in order to allow the elderly people to use
the menu function in the mobile application conveniently; they can memorize the in-
formation by colors. There are two methods to give commands in the developed mobile
application: speech and touchscreens as shown in Figure 4.
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Fig. 4. The example of the mobile application display

The mobile application was validated with black box all 3 aspects: functional test,
usability test and performance test [15] by 5 experts in the field of information technol-
ogy and accounting. The data were analyzed to gain the mean value and the standard
deviation value in regards to the Likert-scale scoring criteria [16] as illustrated in Table
2. The mean value at 4.67 together with the standard deviation value at 0.49. This sug-
gests that the accuracy of mobile application at the highest level.

34  The mobile application training for elderly people

The training was provided to thirty-three elderly people who were the voluntary sub-
jects participating in the mobile application test advertised on social networks. In this
study, the participants received the documents explaining the protocols and research
ethical conducts to sign. The 2-hours training involved a lecture, a demonstration and
real practice to try out the mobile application. There was a guest speaker who was a
lecturer in the field of information technology and fifteen information technology stu-
dents as assistants. Both the guest speaker and the assistants had tested the developed
mobile application and had participated before in the academic service projects related
to mobile applications and social media for the elderly community.
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The guest speaker used PowerPoint slides when giving the lecture and demonstrated
the installation and the utilization of the mobile application practically with the use of
a projector. Each participant received a copy of the lecture materials which illustrated
the procedures and the explanations of how to use the mobile application. The partici-
pants literally practiced with the mobile application while the guest speaker was their
supervisor and advisor. After the training, there were 1-hour online pre- and post-learn-
ing tests created by Google Form. The guest speaker explained and gave advice to the
participants before taking the tests by using the projector. The assistants took care of
and guided the participants on how to access the pre-test and post-test. However, the
guest speaker and the assistants did not persuade or complete the tests for the elderly
people. The tests consisted of ten questions each, in which the order of questions and
answers in the pre-test and post-test were switched around. Finally, once the post-test
was completed by all of the participants, the guest speaker gave the answers and stated
where the training materials were published and could be downloaded. This included
the mobile application demonstration video which was published on social media for
the seniors to watch and give the others information about the application.

3.5 The evaluation of the mobile application’s effectiveness

The effectiveness of the mobile application was evaluated by thirty-three sample
who were elderly people. Once the training ended, the people then evaluated the effec-
tiveness of the application in a survey on Google Form by focusing on the accessibility
barriers that older people might confront while using the mobile application [17]. This
is a key factor that must be considered when developing a mobile application for older
people. There were nineteen evaluation criteria which included the font size [18][19],
text and complex languages [20][21], lack of help options [20], small space to click
[22][23], vertical and horizontal screen orientation [21][24][25], little spacing between
contents [25][26], automatic screen lock [27], difficulty with the touch screen
[21][23][25][28], virtual or physical keyboard with small size [28][29], error messages
without clarity [18][21][28], contrast [18][23][26][30], the difficulty of accessing the
menu and submenus [19][24][26][28][31], inaccessible data insertion interfaces
[24][28][30], difficulty with drag-and-drop features [23][28][32], difficulty in recog-
nizing the symbols and icons shown in the application [19][28][33], recognition com-
plications of audio notifications and reminders [23], complicated navigation and infor-
mation flow, lack of options to resize the text [30] and poor sound quality [28]. The
data were analyzed to gain the mean value and the standard deviation value in regards
to the Likert-scale scoring criteria [16] as illustrated in Table 2.

Table 2. Scoring criteria for evaluating the mobile application

Scale Range of Weighted Mean Level of effective mobile application
5 4.51-5.00 The highest
4 3.51-4.50 The high
3 2.51-3.50 The medium
2 1.51-2.50 The little
1 1.00 - 1.50 The least
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4 Results

The evaluation results of the developed mobile application are described as follows.

4.1  The evaluation with respect to the learning outcomes

The effectiveness evaluation results obtained from the learning outcomes of the
trained sample people were collected from the pre-test and post-test before and after the
training. There were ten questions in each test by which the order of questions and the
answers were shifted around to create some differences between the tests. The results
demonstrated that the samples had better learning results when compared to the prior
outcomes, as presented in Figure 5.

Score
10

9

8

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33

People

e Pre-Test e Post-Test

Fig. 5. The learning results based on the mobile application utilization by elderly people

The pre-test and post-test results after the mobile application training from thirty-
three people revealed that the post-test results of the sample group after training was
better than their pre-test results. The results were analyzed by comparing the number of
the subjects who could answer the questions correctly with their individual results. The
learning results showed that the subjects had more correct answers after the training.
From the comparative test results collected before and after the training, according to
the statistical test of the following hypothesis:

The hypothesis was assumed as followed:
HO: The learning result before and after using the mobile application were not
different.
H1: The learning result before and after using the mobile application was dif-
ferent.
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Statistically tested by T-Test, the main hypothesis (HO) was rejected because the
significance value was lower than the significance level (o) which was previously de-
termined. In this study in which o = 0.05, the HO was rejected and the H1 was accepted.

The efficiency of the developed model was different in their methods. From the Ta-
ble of Pair Sample Testing, the significance value was analyzed to consider whether the
mean values of the two groups were different. In fact, it was found that the significance
value was lower than the predetermined significance level. Therefore, the mean values
of the two groups were different. Considering the comparative differences of the learn-
ing results both before and after the use of the mobile application, it was found that
there were differences at the statistical significance p value < 0.001 show as Table 3.

Table 3. Comparation test results before and after the training, according to the statistical test

of the hypothesis
Comparison is- N Pre-test Post-Test ¢ P
sue Mean SD Mean SD
Learning results 33 4.91 0.88 8.61 0.83 -24.042 .000

4.2  The effectiveness evaluation of the mobile application from the comprehen
sion and user experience aspects

The evaluation indicators of the developed mobile application were assessed by
thirty-three sample elderly people. The data were analyzed to determine the mean value
the standard deviation value and percentage based on the Likert-scale scoring criteria
[16].

The effectiveness evaluation results of the mobile application, focusing on the ac-
cessibility barriers that could be detected by elderly people while using the mobile ap-
plication, showed that, among the nineteen indicators, “Easy to identify the symbols
and icons used in the application” criteria had the highest mean value at 4.67 together
with the standard deviation value at 0.48, followed by “Easy of access to the menu and
submenus” with the mean value of 4.52 and the standard deviation of 0.51. Next, “Spac-
ing between contents” received the mean value of 4.30 and the standard deviation value
of 0.47. The other indicators had almost the same mean value which was higher than
4.01, meaning the effectiveness level was high. The overall mean was 4.13 and the
overall standard deviation was 0.34, showing that the developed mobile application was
highly effective when the users were elderly people, as shown in Table 4 and Figure 6
presents the comparison between the arithmetic means.
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Table 4. The evaluation results of the mobile application based on accessibility barriers that
could be detected by elderly people while being used

Assessment Indicators

Mean

SD

Level of effective mobile

application
1. Font Size 4.03 0.17 The high (80.61%)
2. Text and complex languages 4.12 0.33 The high (82.42%)
3. Help options 4.12 0.32 The high (82.42%)
4. Space to click 4.06 0.24 The high (81.21%)
5. Vertical and horizontal screen orientation 4.03 0.17 The high (80.61%)
6. Spacing between contents 4.30 0.47 The high (86.06%)
7. Automatic screen lock 4.03 0.17 The high (80.61%)
8. Easy to use touch screen 4.03 0.17 The high (80.61%)
9. Virtual or physical keyboard 4.12 0.42 The high (82.42%)
10. Error messages 4.12 0.42 The high (82.42%)
11. Contrast 4.06 0.24 The high (81.21%)
12. Ease of access to the menu and sub- 452 051 The highest (90.30%)
menus
13. Accessible data insertion interfaces 4.03 0.30 The high (80.61%)
14. Easy with drag-and-drop features 4.06 0.24 The high (81.21%)
15. Egsy to iden.tifyithe symbols and icons 4.67 048 The highest (93.33%)
used in the application
1§. Perception of audio notifications and re- 4.06 024 The high (81.21%)
minders
17. Easy navigation and information flow 4.12 0.33 The high (82.42%)
18. An option to resize the text 4.03 0.30 The high (80.61%)
19. Sound quality 4.03 0.30 The high (80.61%)
Total 4.13 0.34 The high (82.68%)

5.00

N Mean = Percentage

100.00

90.00

80.00

70.00

60.00

50.00

Fig. 6. The comparison between the arithmetic means value of the mobile application based on
accessibility barriers
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The result of evaluation for acceptance of the mobile application based on accessi-
bility barriers that could be detected by elderly people while being used has high con-
sensus. All of values the interquartile range no more than 1 [34] and the quartile devia-
tion no more than 0.5 [35] in 19 assessment indicators shows as Table 5.

Table 5. The result of evaluation for acceptance of the mobile application based on accessibil-
ity barriers that could be detected by elderly people while being used comparation test
results before and after the training, according to the statistical test of the hypothesis

Assessment Indicators Mean | SD Quartiles Interquar- | Quartile
QI |Median| 03 tile Rang | Deviation

1. Font Size 4.03 | 0.17 4 4 4 0 0
2. Text and complex languages 4.12 10.33 4 4 4 0 0
3. Help options 4.12 1032 4 4 4 0 0
4. Space to click 4.06 |0.24 4 4 4

tSB;ti\(l;:lrtlcal and horizontal screen orien- 403 1017 4 4 4 0 0
6. Spacing between contents 4.30 047 4 4 4 0 0
7. Automatic Screen lock 4.03 |0.17 4 4 4 0 0
8. Easy to use touch screen 4.03 |0.17 4 4 4 0 0
9. Virtual or Physical keyboard 4.12 1042 4 4 4 0 0
10. Error messages 4.12 1042 4 4 4 0 0
11. Contrast 4.06 | 0.24 4 4 4 0 0
Eénie;se of access to the menu and sub- 45 1051 4 5 4 0 0
13. Accessible data insertion interfaces | 4.03 | 0.30 4 4 4 0

14. Easy with drag-and- drop features 4.06 | 0.24 4 4 4 0 0
e gty ooty ows| 4 | s |4 |0 |
3 ;ﬁf’;{izgtion of audio notifications and| 406 | 024 4 4 4 0 0
%Z).“]]Easy navigation and information 412 1033 4 4 4 0 0
18. An option to resize the text 4.03 |0.30 4 4 4 0 0
19. Sound quality 4.03 |0.30 4 4 4 0 0

5 Conclusion

At the moment, the world is facing the growth of an aging society. The eye condi-
tions of the senior population as well as the small-screen smartphones affect the use of
mobile applications among today’s elderly people who are current users of some appli-
cations. Thus, the operations by speech are the easiest approach to give commands for
human beings. This research hereby presents the development of the mobile application
for elderly household accounting using oral commands and touchscreen systems. The
content consistency was evaluated by five experts in the field of information technology
and accounting in order to select the features for the developed mobile application.
Next, the developed mobile application was distributed to the thirty-three elderly peo-
ple; the results of the training as well as the pre- and post-learning tests showed that the
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samples scored higher on the post-test than on the pre-test. Furthermore, the effective-
ness evaluation results of the mobile application based on the accessibility barriers that
elderly people could experience while using the mobile application, showed that,
among the nineteen indicators, “Ease to identify the symbols and icons used in the ap-
plication” are easily identified criteria had the highest mean value at 4.67 together with
the standard deviation value at 0.48, followed by “Easy of access to the menu and sub-
menus” with the mean value of 4.52 and the standard deviation of 0.51. The next highest
rated indicator was “Spacing between contents”, receiving the mean value of 4.30 and
the standard deviation value of 0.47. The remaining sixteen indicators shared similar
mean values, which were, on average, higher than 4.01. This means their effectiveness
was rated as high. Overall, the mean was 4.13 and the standard deviation was 0.34 on
average, showing the developed mobile application was effective for the elderly users
at a high level and high consensus. All of values the interquartile range no more than 1
[34] and the quartile deviation no more than 0.5 [35] in 19 assessment indicators. The
elderly users could learn and employ the application on their mobile devices to manage
their household accounts effectively. They stated that the distinctive points of the mo-
bile application were the easily-recognized symbols and icons that were used, the ease
of access to the menu and submenus, and spacing between the contents. Not only do
the elderly people benefit from the application, but normal users can also use it conven-
iently. With simple clicks on their smartphones, their income and expenditure can be
easily tracked on a daily basis. Having this application therefore helps the users develop
their financial discipline and reflect on their financial status in order to manage their
personal and family finances; it is a tool to reduce the household debts in Thailand as a
whole.
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