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ABSTRACT

Uncertainty means incomplete stages of knowledge of propositions due to the lack of consensus
of information and existing knowledge. As the amount of academic literature increases exponentially
over time, new knowledge is discovered as research develops. Although the flow of time may be
an important factor to identify patterns of uncertainty in scientific knowledge, existing studies
have only identified the nature of uncertainty based on the frequency in a particular discipline,
and they did not take into consideration of the flow of time. Therefore, in this study, we identify
and analyze the uncertainty words that indicate uncertainty in the scientific literature and
investigate the stream of knowledge. We examine the pattern of biomedical knowledge such as
representative entity pairs, predicate types, and entities over time. We also perform the significance
testing using linear regression analysis. Seven pairs out of 17 entity pairs show the significant
decrease pattern statistically and all 10 representative predicates decrease significantly over time.
We analyze the relative importance of representative entities by year and identify entities that
display a significant rising and falling pattern.
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1997 46,224 455,775 59,498 9.86 13.05
1998 49,322 488,546 63,366 991 1297
1999 52,064 518,353 67,050 9.96 12.94
2000 57,507 577,834 74,456 10.05 12.88
2001 59,910 601,014 78,106 10.03 13
2002 63,345 634,636 82,375 10.02 12.98
2003 67,150 675,068 87.802 10.05 13.01
2004 72:337 726,659 94,752 10.05 13.04
2005 77,735 783,505 101,611 10.08 1297
2006 83,047 837,336 108,823 10.08 13
2007 87,569 886,404 115,052 10.12 12.98
2008 93,522 942,076 122,766 10.07 13.03
2009 99,243 1,003,748 130,684 10.11 13.02
2010 105,808 1,082,026 139,305 10.23 12.87
2011 114,075 1,178,789 150,282 10.33 12.75
2012 126,376 1,323,379 166,894 10.47 12.61
2013 136,001 1,448,048 178931 10.65 12.36
2014 145,004 1,565,389 191,542 10.8 12.24
2015 152,589 1,665,577 201,910 10.92 12.12
2016 162,058 1,303,853 214,448 11.13 11.89

ZA(34) 2,110,181 21,541,600 2,755,482 (9.92) (13.10)

Aolst A2 A A 7] BAE =
&17] 918l SemMedDBE A-851th SemMed
DB+ PubMed®] A& 250 25H ou]H
o & FE3 AlFohe ey Z=T9
¢l SemRep(Rindflesch & Fiszman, 2003) ]
tloEjHo]2olt), o]& w= SH S EAH

(National Library of Medicine, NLM) |4 A
ok At Foke] 2E2XQ1 UMLSE] A
2] A 5.2 (Bodenreider, 2004) & 7|90 2 dhck
ogulF ol EE 78 Fo-Ago-&
Aol FelE FAE ] Jom Ao} oA
frojugt X218 BAs= Ees e A4
Ahos dEA

A WAl SemMedVER300 A EZ 318}



WS e BA BHAHY A% A4 FF BH BF AT 183

A= Z 5709] H|olB(CITATIONS, GENERIC_

CONCEPT, PREDICATION, PREDICATION_

AUX, SENTENCE) % PREDICATION H

olE2 FEIeH ol F 12719 BE= +

4] Stk PMIDE 7|¥he& dlolg ol

X3 F 1152092379 Aot AHES F
il

=30k EYE 725 e Ifr 7
Z 1,768,75770|9, I +4 o 7,0233
ot} & AolA BRFH 77HR] FHQl FolH
(SUBJECT_NAME), Fo1¢] ¢J] 13(SUBJECT
_SEMTYPE), §A +3(PREDICATE), &
Zojig(OBJECT _NAME), 52]0}9] &Jn| {3
(OBJECT_SEMTYPE), &3 ID(PMID), <&
% ID(SENTENCE_ID) ¢ JEE F23oh
(F 2% 44 o] ‘consensus'ol it
Ay ojst 22 3= Z3=E PMID 8425050 =&
of & 9719 ER|E 727t EAIg 3 1D
5 IIsEH F 5709 Al oigk Al A
= I T Uk
S SENTENCE Hlol&9] #7432 #4 ID
£ 7|02 &L o)5S YR £
WellA 196718 E8aA] woi7t 23HE o] 9
=2 golgitt Axror E3hA tholE

rr

=
o~
T

o
o

(¥ 2) SemMed DBE 0|

e B2 7491204019 If B
+ 6431037101}, o]l tigk Jm|E wole F
12427047102 744 ev|d =] F 10.79%S
A

RN
A B4 o7t EokE 2o By
TolE 7|02 BA wFo] EAls=A] ofi
£ SR #49 wHS gofste] A &
Zo] oJul7}t |29 E-&A%t AEE ou|s)
2] oF= AL BA gt A A 2)Ele] A w s
tolg AL A7) 93 P70l T

it
=
¢

_0|L

st 1+2] 7]9ke] NegEx(Chapman,
Bridewell, Hanbury, Cooper, & Buchanan, 2001)
drFoA e el 74 239
Feiet 4 W £ JEE A xdshe
Solti, Cooke, Xia, Wurfel(2009) ] GenNegExE
7ide 2 Fg 39 WAS T3k GenNegEx
v12¢ A5 37t 734 Q’E 93%, A& 95%,
FAEE 94%9 =2 S Hel gugFolt)

e
s
ol
S
N
4o
3{_5

=

Fo o] £3 A 8 el 9];] e w3 1D 4 D
Polysiphonia boldii alga ISA Algae, Red alga 8425050 35598845
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rat brain in vivo, an effect that was not observed with
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. UW datasets NUW datasets All datasets
e A zA | 95% | %9 [ 9ex | 29 | 9%
1 |Coronary Arteriosclerosis-Patients 5 2,284 15 7,810 13 10,094
2 |Malignant Neoplasms-Patients 6 1,991 ) 11,686 5 13,677
3 | Patients-Schizophrenia 9 1,382 12 8,982 11 10,364
4 | Neoplasm-Patients 10 1,278 9 9,641 9 10,919
5 |Cerebrovascular accident-Patients 11 1,268 13 8,118 14 9,386
6 |Diabetic-Patients 14 1,115 8 9,845 8 10,960
7 | Malignant neoplasm of breast-Patients 16 911 10 9,415 12 10,326
8 |Heart failure-Patients 18 804 14 7,955 15 8,759
9 |Parkinson Disease-Patients 21 784 16 7,658 16 8,442
10 | Diabetes-Patients 22 783 28 5,208 29 5,991
11 | Antibiotics-Therapeutic procedure 25 722 30 5,028 30 5,750
12 |Myocardial Infarction-Patients 26 693 33 4,780 33 5473
13 | Alzheimer’s Disease-Patients 27 647 23 5811 25 6,458
14 | Patients-Rheumatoid Arthritis 28 616 19 7,200 19 7816
15 |Kidney Failure, Chronic-Patients 30 599 22 5,942 24 6,541
16 | Obesity-Patients 32 573 24 5,742 27 6,315
17 |Multiple Sclerosis-Patients 33 572 31 5,012 31 5,584
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i

2 A8 e JHA ©of SAH =4

re

EBE:] B A0 =3

A s Sl 177] #Hol 9
1990~201637kA19] (% 279) =l &9 35
£ A=k AA HolE d toll A 7} o9
A= X dsle HA A s A&
2o F7hsle HElS M_Uﬂ Malignant
Neoplasms-Patients #|o17} 2016139 % 1,116
3] st M =2 28 EE YeRlth

HE Hlojels FAl dole A & 28
o] Hole HF9| BlEE $Hitete] ESHAA
©olo) T3k ERIFTE £ ©of tlolE
Aol Ao 177] 7HA] Hlofe] A= £38 vl&
of thgh ¢, AL, A&k HA(HAw-H
£%h, BFUAE (F 5% 2t

SUAE wE B do] X9 Hle

F

N

é

o] Wglsl=A1E Fetatr] ] AF7HE o
+3 o] APk

H, =A7bo] 550 we} B4 To b
ole] Fel A #Ho] A HlE FEFE 7
z Zlojt,

Ay 39 FHE FYsNL 3HNE BF
St A= (E 63 2ok IAYL y
be] A8 Sk (linear function) 2 T HT) F+
3]AA ]
27](slope) ©|H, b= ¥ (intercept) otk
Al (coefficient of determination) = 413
3@94 ZJEMLO_ ﬁ].u}sp] 93k i%_g:_g
3|A o] FZ o)l A} HFekx
ot} AAAT~= R2(R-square) & FA
IS 3 A0 s A
IS AN Adert v

= ax +

F*(coefficient of regression)Z a:

CE 5 W= A #oel 7= A

WE WA = Ty Hogk H&3k W EFUA
1 Coronary Arteriosclerosis-Patients 22.42 28.89 13.61 15.28 3.23
2 Malignant Neoplasms-Patients 15.3 25.27 11.59 13.69 2.81
3 Patients-Schizophrenia 14.56 32 8.77 23.23 517
4 Neoplasm-Patients 11.95 17.35 8.09 9.25 2.02
5 | Cerebrovascular accident-Patients 13.68 18.18 8.82 9.36 2.46
6 | Diabetic-Patients 10.33 14.93 717 775 18
7 Malignant neoplasm of breast-Patients 9.52 15.79 5.05 10.74 2.17
8 |Heart failure-Patients 9.75 16.36 6.56 9.81 2.72
9 |Parkinson Disease-Patients 11.11 20.83 6.99 13.84 3.76
10 | Diabetes-Patients 1351 23.08 6.12 16.95 3.64
11 | Antibiotics-Therapeutic procedure 12.65 17.84 7.69 10.15 2.25
12 |Myocardial Infarction-Patients 14.11 25.64 6.88 18.76 5.08
13 | Alzheimer's Disease-Patients 11.27 20 6.56 13.44 3.76
14  |Patients-Rheumatoid Arthritis 8.59 12.66 4.84 782 2.01
15 |Kidney Failure, Chronic-Patients 8.85 15.09 4.44 10.65 2.54
16 | Obesity-Patients 9.22 17.78 345 14.33 3.51
17 |Multiple Sclerosis-Patients 12.15 29.79 5.49 24.3 5.32
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CE 67 1770 JHA Hojel M 37 &M 23t

H3s WA #H o 3]714] ARAT frolgE
1 Coronary Arteriosclerosis-Patients y = 0.0299x + 22.003 0.005 0.72

2 Malignant Neoplasms-Patients y = -0.2149x + 18.309 0.354 0.001*

3 Patients-Schizophrenia y = -0.2253x + 17.713 0.115 0.083

4 Neoplasm-Patients y = -0.0912x + 13.227 0.124 0.072

5 Cerebrovascular accident-Patients y = -0.0628x + 14.555 0.04 0.32

6 Diabetic-Patients y = -0.0436x + 10.936 0.036 0.345

i Malignant neoplasm of breast-Patients y = -0.1225x + 11.234 0.193 0.022*

8 Heart failure-Patients y = -0.1079x + 11.261 0.096 0.117

9 Parkinson Disease-Patients y = -03375x + 15.834 0.489 4.99E-05**
10 |Diabetes-Patients y = -0.0743x + 14.547 0.025 0.427

11 Antibiotics-Therapeutic procedure y = -0.041x + 13.225 0.02 0.48

12 |Myocardial Infarction-Patients y = -04881x + 20.946 0.561 6.95E-06**
13 | Alzheimer's Disease-Patients y = -0.3452x + 16.106 0512 2.75E-05%*
14  |Patients-Rheumatoid Arthritis y = -0.1208x + 10.283 0.218 0.014*

15  |Kidney Failure, Chronic-Patients y = 0.0162x + 8.6226 0.002 0.805

16 | Obesity-Patients y = -0.0353x + 9.7139 0.006 0.698

17 |Multiple Sclerosis-Patients y = -04592x + 18575 0.452 1.22E-04**

P05, p*<.01
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o= 718717t 25D 2 At 518 o) B
A do] B2 &S hdke FAE vE
Wtk 53] 7187171 048812 7 =2 32 7
A Myocardial Infarction-Patients ol& A%
o] isjel] B3 do] £ Hlgo] I
Bo] W=tk Ze ot

7 ARS S8l A= 7SS (P-Value)
= 95%9] AZZoNA Al 7FA A i<l
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neoplasm of breast-Patients, Patients-Rheumatoid
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(E T 49 104 SA 982l 7% S
9] 51 7 A# | 294 | Ax¢ | we | w=ER
1 PROCESS_OF 13.64 16.63 11.32 53 142
2 LOCATION_OF 10.47 12.98 8.5 448 111
3 PART_OF 9.03 11.39 7.26 4.14 1.08
4 TREATS 11.18 13.55 9.67 3.83 0.93
5 ISA 13.37 16.23 11.18 5.05 121
6 AFFECTS 10.45 13.28 8.22 5.07 14
7 USES 10.97 14.29 91 5.19 1.28
3 COEXISTS_WITH 1345 16.35 11.12 522 153
9 INTERACTS_WITH 9.64 12.22 717 5.05 1.59
10 CAUSES 13.63 18.47 10.29 8.18 22
(E 8) A9l 1074 SAF RHel MY 37 24 Z3
= s EEE A% EEE
1 PROCESS_OF y = -0176x + 16.108 0.926 1.15E-15%*
2 LOCATION_OF y = -0.1348x + 12.361 0.898 6.50E-14**
3 PART_OF y =-0.134x + 10.952 0.933 3.56E-16**
4 TREATS y = -01x + 12,583 0.707 4.05E-08**
5 [SA y = -0.1497x + 15.466 0.925 143E-15%*
6 AFFECTS y = -0.1742x + 12.885 0.942 6.18E-17**
7 USES y = -0.146x + 13.01 0.791 5.68E-10**
3 COEXISTS_WITH y = -0.189%4x + 16.098 0.934 2.66E-16**
9 INTERACTS_WITH y = -0.1988x + 12.424 0.946 2.24E-17**
10 CAUSES y = -0.2646x + 17.335 0.876 8.19E-13**
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(19) H & 5 14 15 19
A7 9] 645 606 602 367
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1 Schizophrenia y = 5E-05x + 0.0006 0.451 1.26E-04** 1.73E-07
2 Myocardial Infarction y = -2E-05x + 0.001 0.544 1.12E-05** 2.21E-08
3 Diabetic y = -1E-05x + 0.0008 0.384 0.001** 1.43E-08
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PubMedol | 2334 Wol 19642 A 27 92 AT et gk ol
O s BA AL FUHAL ANDE  BE delA foHE A4 wdsT B
A4 SemMedDBE H &3] 493 A4S oK X WA FHS ATRITE 4
2390, AEA ) AZL Bal AEE 17 ol AREH ANES AW,
A A Aole] A= BEAA do} @ 1] T APEE BILY BPL IO of
22 PRI A DAL Fol AR EF  Zo] /5% B AASTA Bk o] 1) A
of mE BRadel wEe fo AES £ 1A Wal SJo) BIUA) el dBe v
APk AR Ao} 7AS MEH F 1049 AE g WAL P TEdle] A5HS Eo)
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og e 0] BES BHUA ol 7} Sk AoIe Aok B3 wol 7be] 4
24 oz BHT & 9k A 4 Mol WS ARSHE WS T80
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