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Natural Language Processing Model for Data Visualization Interaction
in Chatbot Environment
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ABSTRACT

With the spread of smartphones, services that want to use personalized data are increasing. In particular, healthcare-related services
deal with a variety of data, and data visualization techniques are used to effectively show this. As data visualization techniques are used,
interactions in visualization are also naturally emphasized. In the PC environment, since the interaction for data visualization is performed
with a mouse, various filtering for data is provided. On the other hand, in the case of interaction in a mobile environment, the screen
size is small and it is difficult to recognize whether or not the interaction is possible, so that only limited visualization provided by the
app can be provided through a button touch method. In order to overcome the limitation of interaction in such a mobile environment,
we intend to enable data visualization interactions through conversations with chatbots so that users can check individual data through
various visualizations. To do this, it is necessary to convert the user's query into a query and retrieve the result data through the converted
query in the database that is storing data periodically. There are many studies currently being done to convert natural language into
queries, but research on converting user queries into queries based on visualization has not been done yet. Therefore, in this paper,
we will focus on query generation in a situation where a data visualization technique has been determined in advance. Supported
interactions are filtering on task x-axis values and comparison between two groups. The test scenario utilized data on the number of
steps, and filtering for the x-axis period was shown as a bar graph, and a comparison between the two groups was shown as a line
graph. In order to develop a natural language processing model that can receive requested information through visualization, about 15,800
training data were collected through a survey of 1,000 people. As a result of algorithm development and performance evaluation, about
89% accuracy in classification model and 99% accuracy in query generation model was obtained.
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Fig. 1. Examples of Interactions Supoprted by Samsung
Healthcare Apps and Google Fit Apps
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5¥l.e H)E HlAm0] T Bstos mH e Bag] o Sentence Label#
= v o—= =710 " Show me the step count for two weeks 4
g dwel g2 P2 A Show me how much I walk for a month 3
714 ofe] el F2 HEol BAE B gHE Al Compare this week step count and last week 6
EllE EEZ 7Y, FAED 57 F), PAEZ A D Tell me daily sep cont A
OfElol THet 1~3% =¥ FH' 3 FH 4~ £, 54 Let me know this month’s step count 4
712t iRt 10~20%1 2%, 193l vlaeh e 21~259 Let me know weekly statistics for weekly steps 2
Ego=2 F 25719 B3 o719 FHEEE ERT 4 Sl Step counts between July 9 and July 17 5
Compare this week and last weeks step count by weekdays 6
Table 1. Survey Contents Let me know weekly step counts 2
Number o — Let me know monthly step counts 4
1 Daily step count Let me know step counts by weekdays 1
2 Weekly step count Compare last wek and this weeks step counts 6
3 Monthly step count Show me last week's step count 5
4 Step count for recent two weeks Compare last month and this month's step counts by day| 6
5 This week step count Show me average monthly step counts Y& 3
6 Step count for the past 5 days Show me this month’s step conuts 4
7 Step count for this month Show me March 5 step counts by graph 3% 6
8 Step count for the past 3 days How much did I walk last month? 5
9 Step count for the recent 30 days Show me step counrs for the past 5 days 4
10 Step count for last week -
11 Step count for last month July's step counts >
12 Step count for two weeks ago
13 Step count for June g AL A & E AA o] A 7](Open
14 Step count for March Korean Text)E £3)] glojg] EZs} AL AdHsl9}. OKT
15 Step count for two months ago = Aﬂﬂi ol gh2o] M| Fo|BH R, OKTE E3)
= Step count Jor golAle] U BAES Eastele] % 838710 E2oR
teps for Ma
18 Step count betzveen Marih 6 and 14 78 B2 el Aot olf B2 Bdg Tlees
19 Step count between March 25 and 29 &9 HlolEet HAE HlolHg Ads BYoR Wgdehn
20 Step count between June 9 and 17 HE S J3gste] Ko JHPo = AR ST
21 Comparison between this week and last week
22 Comparison between this month and last month 2) &% =g 44
23 |Comparison between last week and last across weeks before E& 292 Fig 59 22 FEHE, & 4719 Layer® T+
24 Comparison between May and July AElo] 9Jor AFHZ3 Z7I=o|A AFL3E TG T4
25 Comparison between March and May ReLu(Rectified Linear Unit)E £3] dAlo] o]So|Arc},
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Layer (type) Output Shape Param #
dense 125 (Dense) (None, 512) 20992
dense 126 (Dense) (None, 256) 131328
dense_127 (Dense) (None, 64) 16448
dense 128 (Dense) (None, 8) 520

Total params: 169,288
Trainable params: 169,288
Non-trainable params: @

Fig. 5. Classification Model Summery
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SELECT * FROM TableZlA|&= BEZog 1A O F s},
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o, AE HolH= 3¢ 1°]HE1 8¢Y 2097119 499 A&
& o8& AAsto] HolES F5oIlth(Fig. 8 IX).

= A oA AT 714 ¥ (Neural Machine
Translation)ol] $& AME-EE Attention ZE-E& 53 H
9] WHERE & A3/dstaLAt oF9tt. RNN(Recurrent Neural
Network)ol] 7513t Seq2Seq BE-2 A AT oA UH A|H

sqlite> select * from chat_stepcount_data;
6312 |2020-03-01 00:00:00.000
9152 |2020-03-02 00:00:00.000
5848 |2020-03-03 00:00:00.000
4786 |2020-03-04 00:00:00.000
6981 |2020-03-05 00:00:00.000
7153|2020-03-06 00:00:00.000
9215|2020-03-07 00:00:00.000
11743 |2020-03-08 00:00:00.000
8146 |2020-03-09 00:00:00.000
8423|2020-03-10 00:00:00.000
6895 |2020-03-11 00:00:00.000
7152 |2020-03-12 00:00:00.000
8941 |2020-03-13 00:00:00.000
9512|2020-03-14 00:00:00.000
11095 |2020-03-15 00:00:00.000
6899 |2020-03-16 00:00:00.000
8460 |2020-03-17 00:00:00.000
8016 |2020-03-18 00:00:00.000
7356 |2020-03-19 00:00:00.000
8561 |2020-03-20 00:00:00.000
8469 |2020-03-21 00:00:00.000
7915 |2020-03-22 00:00:00.000
13815|2020-03-23 00:00:00.000
7488|2020-03-24 00:00:00.000
9414 |2020-03-25 00:00:00.000
6905 |2020-03-26 00:00:00.000
10629 |2020-03-27 00:00:00.000
6992 |2020-03-28 00:00:00.000
4896 |2020-03-29 00:00:00.000
9457 |2020-03-30 00:00:00.000
2020-03-31 00:00:00.000

Fig. 8. Sample of Step Count Dataset
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o

o: ['72 92 S 172 WA S 4 207 #n']

a: ["Wt saved _ time between date (' 2020-07 - 09 ', ' localtime ') and date (' 2020-07 - 18 ', ' localtime ') #n"]

p: ["saved _ time between date (' 2020-07 - 09 ', ' localtime ') and date (' 2020-07 - 18 ', ' localtime ') #n"]

g ['72 2S 4~ AN =2 UAF #n']

a: ["Wt saved _ time between date (' 2020-07 - 01 localtime ') and date (' 2020-07 - 01 ', '+ 1 month ', ' localtime ') #n"]

p: ["saved _ time between date (' 2020-07 - 01 ', ' localtime ') and date (' 2020-07 - 01 ', '+ 1 month ', ' localtime ') #n"]

qr ['AZ2F% ZS 4+ 20F #n']

a: ["#t saved _ time between date (' now ', '- 14 days ', ' localtime ') and date (' now ' localtime ') #n"]

p: ['"saved _ time between date (' now ', '- 14 days ', ' localtime ') and date (' now ', ' localtime ') #n"]

a 'Ry = 28 4 2013 ']

a: ["#t saved _ time between date (' now ', '- 14 days ', ' weekday 0 ',' localtime ') and date (' now ', '- 7 days ', ' weekday 0 ',
" localtime ') Wn"]

p: ["saved _ time between date (' now ', '- 14 days ', ' weekday O ',' localtime ') and date (' now ', '- 7 days ', ' weekday O ', '
localtime ') #n"]

o DRAL = 0o ASE 22 4 2003 #n']

a: ["time between date (' now ', ' start of month ', ' localtime ') and date (' now ', ' localtime ')) or ( saved _ time between date
(" now ', '=1month ', ' start of month ', ' localtime ') and date (' now ', '= 1 month ', ' start of month ','+ 1 month ', ' localti
me ')) #n"]

p: ["saved _ time between date (' now ', '— 14 days ', ' localtime ') and date (' now ', ' localtime ')) or ( saved _ time between da
te (" now ', '-7 days ', ' weekday O ', ' localtime ') and date (' now ', ' localtime ')) #n"]

@ IR Y3 0M D 2S 4 HD S ']

a: ["( saved _ time between date (' now ', '— 14 days ', ' weekday O ',' localtime ') and date (' now ', '- 7 days ', ' weekday 0 '

" localtime ")) or ( saved _ time between date (' now ', '- 7 days ', ' weekday O ', ' localtime ') and date (' now ', ' localtime '))
wnu]

p: ["( saved _ time between date (' now ', '- 14 days ', ' weekday O ',' localtime ') and date (' now ', '- 7 days ', ' weekday 0 ',
" localtime ')) or ( saved _ time between date (' now ', '- 7 days " weekday 0 ', ' localtime ') and date (' now ', ' localtime

D'

ar ['F2 8% S0 22 23 + 1HI S0 #n']
a: ["Wt saved _ time between date (' now ', '- 3 days '
p: ["saved _ time between date (' now ', '- 3 days ', '

localtime ') and date (' now '
localtime ') and date (' now

localtime ') #n"]
" localtime ') #n"]

Fig. 9. Sample of Predicted Results of NLP Model
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Show graph of number of
steps in chatbot environment.

v

The user requests step count data for
a desired pericd through the chatbot.

l

Classify user questions into categories 1 to 6
through a classification model

1~3 4~6

Fass the user's
question to the query
generation model

!

Query generation
through NLP model

Execute pre-defined
querigs

Fig. 10. System Process Flowchart
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Fig. 11. Sample Screenshots Shown on a Mobile Device with Example Scenarios. (a) User Query
to Show Steps for June and the Result in Bar Graph. (b) User Query to Compare Steps for
May and June. The Result is Shown in a Line Graph.

User : Show me the June graph.

l

Forward text to
NLP model

l

Generate Where clause

(saved_time BETWEEN date('2020-05-01", 'localtime’) AND
date('2020-05-01", '+1 month’, ‘localtime’)) OR
(saved_time BETWEEN date('2020-06-01", 'localtime’) AND
date('2020-06-01", '+1 month', 'localtime’)

l

Combine with fixed part

SELECT * FROM chat_stepcount_data WHERE

Execute complete Query

SELECT * FROM chat_stepcount_data WHERE
(saved_time BETWEEN date('2020-05-01", 'localtime’)
AND date('2020-05-01", '+1 month’, 'localtime’)) OR
(saved_time BETWEEN date('2020-06-01", 'localtime’)

AND date('2020-06-01", '+1 month', 'localtime'))

Fig. 12. Example of a query generation flow to output a June graph
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