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Abstract

Background Recently, the prevalence of diabetes has increased rapidly and the rate of diabetes in
patients has also increased. Active blood glucose management is required for patients to improve
healing rates, to shorten hospitalization periods, and to reduce medical costs. However, hospitals
now offer an old-fashioned prescription method that relies on experience due to various limitations
such as the limitations of the data provided in the clinical interface and ineffective insulin
prescription protocols. Thus, many researchers have argued that visualizing and representing
patients’ specific data records in the clinical interface would be effective for medical staff. However,
the problem is that the clinical interface visualizes results without considering the actual medical
environment. In addition, the need to apply and integrate the clinician's workflow into the clinical
interface has been raised, but related studies have been very limited. Therefore, this study identifies
the needs of the clinician users through collaborative research with university hospital medical staff
members, and presents a clinical interface for this.

Methods
specific needs of the medical staff. Second, a participatory design workshop was conducted for eight
clinicians to investigate patient data that should be comprehensively viewed during treatment and
an interface that can help for effective insulin prescription. Third, the research team designed and
produced a clinical interface prototype based on the workshop results and conducted a test study
with three clinicians.

First, four nurses and two clinicians were interviewed in advance to determine the

Results
stages: blood glucose measurement. system upload. blood sugar level check. and prescription
decision. Currently, there are many limitations because only limited data can be viewed in the
clinician interface used in domestic hospitals. When classifying blood sugar-related data types at
the workshop, 24 types of data could be categorized into 5 groups: baseline patient information,
baseline medical examinations, prescriptions affecting blood glucose, and anti-hyperglycemic
agents prescriptions. We classified them into three levels according to the priority and designed a
clinical interface based on the workshop results. Finally we conducted four-repeated assessments on
the interface with three doctors who participated in the workshop. The final interface was produced

At the pre-interview, the medical staff's workflow was largely divided into four

by reflecting the comments in this process.

Conclusions The clinical interface designed in this study has limitations that was not measured
and analyzed for a long period in the field in terms of work efficiency and satisfaction of the medical
staff. The research team plans to develop a clinical interface by continuous joint research with
university hospitals. We expect this study to contribute to clinical interface research used in various
medical fields.
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2 G| 8ol B46] S7lot, W Ul &A1) d vl S7hstal ok $A4e] A&
A7 S, o 5H g HAE 6] Fxtel digh A=2<1 F Tejrb A=A A4 oA o g
Ax(e.g., W AdelHlo] 204 AFEE dlolel 9] 34, et A TREZO] 94 5O Qlsto A&4
I a7} 9oj A= XHE Al5skal o= dAo|th(Park et al., 2017; Kim, 2018).

ofo] th9] AFAEL U4 JEF o] A (Clinician Interface)oll A ko] A H 3l Hlolg 7|=& AlZts}

>

slo] RojFs Aol ogAoA aitad Aolzta F43+4 o uk(Schmeltz, 2011; Kim, 2018; Kim et al.,
2017), AA| 4 E 4L 1A g2 A AZ4H AIES AT Ho] EAZ AFE T gltHHellman,
2004). E3 4ol YIE=Z(Clinician’s workflow)E 44} Qe Hlo] Ak AA] AT Fof 44 9 Sgsle
Ao tigt d o] A7 =% 2 HHolt et al., 2006), TA AFEL oF2] vAgh AAo|ct, o]of, & A4
£ oY st FHATE Bl AHEAHQ B9 YR E ghot &, A84Q) A% F+= 44 A=
o] A(Clinician Interface)& Aok o A9 54L& &

olF Slall, 449 TtaAtet 219 QAOE d e R DA °1E1 AAlste] QRAEY FAH Y2E Tt
oFst3lal, o] 2)8% 9 AFE diF e & TRl AAES %13 0}01 s A LA 08 | oF ol
2} Hlo] B¢} Qlad Aol £ -5 & 4 A= Qe ol dis ZAFSHA 3)01E EdlE ATE A
A H oA ZREEYS t2 D Aot on], 39| QAo EE o & AFRANE Aokt

B oA AR TP YA AL Zol Z2EZT Q) ol H o] A0 EAHL AHE T B APALES
Soll el AFAES ghetotgiet. B5t o= Hofof| A1) oAl dlolE Al Zkste] i i st FAf
7HA] QA3 E A7) AR 55 Aestdct

2. 1. Yt X0 Cf St M= ez B Mut stAIH
oA A2E F ol FHEES 304 oA A2 14.4%, 654 o4 k91e 30.4%= 35 o}lﬂ(Dlabetes
Fact Sheet in Korea, 2016), @O & o135t ] APgA} L @7t vk go=g -‘?—ﬂ‘%ﬂ} APEERl 6H§
A et Ao 2 B Eth(Kwak, 2018). @9 2|71 oW WY 7
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32,
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A A5 AE 59 FHAA FRE gofsty] ofHrks AE AU L Aek(Park et al., 2017).

2. 2. Ak OIEM|O| A(Clinician Interface) 221 H1gigt U 2X|H
IT7]&0] WHePHA HYAA T oz 7o) #2} A7 7|52 glo|gu|o|aslsle], AAZFOR AMELIL 23]
T e AAFE ARSSEA Qlet. Tof i JAF QlE Ho] Aof et A AA] ZE] o] YA A Q) 1
& Kim et al.2017) gte] dlojel & antz o g Hojr] $igt Ak e o] A5 dstgly, Alzket ¢l
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Elgo] A AF Al A/Felet FA; Abole] AFA ] dishE olToflls A A FFl disl =5tk Teich
et al.(1995) AEAl ATdS FHeiF= A A H ol A AARS ARI6EL, Alec et al.(2005)3F
Marling et al.(2008)2 94 QlE|F o] AcA 219 HloJB & g o2 EAsto] Agoh= ‘A 7%t &
E(case based reasoning)’ S AAISIATE o] Qo E theFet A AFHE(Simon et al., 2013; Curtiss et al.,
2012; Lena et al., 2010)°] ¥4 QIEjFo| Aof #TH AHLE {“1‘3} Aet, 919] AEol A= AIAE AE A
AR B9t AR o5 F ol ek ARG A ZAF §lo] FeYE Gk SHAIE AU AL it

2. 3. Zo{CIXI2l(Participatory Design)2| 2241t 2|2 S{MAY|

ool A AH=(Bowen et al., 2013; Kristensen et al., 2006; Li et al., 2006; Pilemalm & Timpka, 2008;
Sjoberg & Timpka, 1998)2 A7 A4 ARE thF= e H ol A A7t A, AFEALS] A4 gF A3t =
2 7o) £ Aol& s dsty] flof ot Al S A= E-gdfjof 3k ZX}‘WE} o "41}0101‘“4 ARg-
A} Z4] t] Aol (User-centered design)2] 43ko 2 AALAEZRE 159 Al as}
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(Soft-start Approach)& 7N&stA=tl, W= Asta FfotH, AHARES a7 AR BYste
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glol8 Alshz AFE 2] oS AT} ofAtaE e 2SS flsto] A4 WS S dlolHE Bt &
o= Agste YO, UL HlolE = oA AJZSFsh=rfol upet ARG A thE Y& IAA E
tHMarcengo & Rapp, 2014). 53] dgdobe] AlHe AES2 /e AT A2d ThE HFolv &F
7} glojof st R 2o Hlo|HE AtA o7 Adsty] 93t A77F B sttt thA] Tef, o5l wail 4
St AE N e @9 28E fleid e S0 chi g (Multivariate) dlolE(Lel, A, A& A4,
W76, 1%, 712, 78T, 7IA9e A4, dad BHls, AR AR F2EE T35t
et deotal a&2 < FHi = AZststo] AlEsfof et

SHAIRE @A = dishE oA g xleAl AleEe 9 E1lﬂ°l’\°ﬂ*1 A= T S AE=
] o], g 283 A WSl titt FAA A AEE 4] ofHAL UrE} Sll%xé HETAE A
ZHA o2 d/dol glol K 7o wlale} sfAo] o frte Zﬂ’éol ch(Park et al., 2017). °1& Tets}7]

4 2ok o1 leislo] 2ol AAEAHCIZAY] 83 o] o B0 dlolel Fotol, FRE
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3. 1. Al 2IE{ 8 (Pre-Interview)
I Bt AR A A= ofelF 52 gelstr] flal, tieh e e vatol A X4 59 o] &
4

o4
P 47] 0001 799 IR R URNE WIS, AR DPATE AR 4 B
o1 Qo] A IS %A, o F B AFAE0] WALl 2H3het.

3. 2. C|x}R1 3 & (Design Workshop)
OJrkEol A7 Al FHA O Hof sk AL HlolEet E 2S fA7t oA Ee5e E 5 Ye dE
wo| o] thal] AL 8, tARIPAEE Al 7H2] AlA(Pain points 3, Hlol8 5 & AZ3}, dlolg
AZshe g F4H L, 889 dArEol YAl Foistint. B AlAS dishy e W 3o deA sk &
AP oH, F 147 30=0] 28 H ik

A

(1) Y222 A Pain points ¢
HAIYas A HA AlAolAE @ o= A
ARE mHotsta A} shlet. A QIER-E ol ot
P, 89| AES Ao R Z T ER AT
st ¢ith(Figure 3).

A oAFEo] A 24 U5 oF A A Zk ol e &
ol 457 5= Tolo] 1L Aol qlafste] )
Ot olelgd} BAHEL TAEYY Ho] BolZ A R

(2) glolE] 5 & AlS3HData Categorization & Stratification)

T iR AAdoAe @33 FEd glolg 392 AHRY, 2t S FAEE Tpetetaly kit o] E $5)
89| SAtEelA AT Q& Tk A4 Al aEfefof & dlo|EE EAE | A5E A 25t
P, FARRE HlolE 7|E7]2] 1R BotEE gt ¢ LA ERE Yok A

o

(3) glol ¥l AlZsKData Visualization)

Al AR Aol A= @A =l AollA AHEshaL 9l 4 I o] A7 o] B A A= dsk=A] Sl dial
AFEA JAE TRot, @9 28S A% A Aol E5 & 5 Sl AT )AE T WEoli
A4 ‘45—% E&5t1% stk FARENAE 71 AEES] AAE & & e ARES ATt HlolH

A7ste] A g 46 olalsln A B 4 9w S st

I Ol'J

[e]

3. 3. A|AH! C|x}Qlat T 2 EEFO|E(System Design & Prototyping)
AAEE Tl T2 S-S 7IHe g TR EEY AY =, HFSEAE Sl dARIYAE] FAPd 889
AL 5 39 YARES UL E JEHE AASHI L, M4 2 wHESHGITh
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4, \FSXF ZAL 23}

Uz 52 slotelr] 919 59 o)y 2 410 7hs Aol 29 QApOlE TR A
T DRAEY AAE2, Q4 el A0t @ AR i BAG] chs) 4

(1) AA o= Moﬂﬂi DERESEERS

kel IH ?J a}xu e %d_i}% A7 49A R TEES & 5 AUTHFigure 1. WA H3AF St @
Az EsEQEA), AF7E A2E S B3| SRt 71e ARE o
as}mﬁﬂl), iiHJ A&d §3 2AA ArkddA).

Measure Skim data Prescribe

glucose % including

; insulin
levels glucose

Figure 1 Clinician workflow to prescribe insulin(Step 1,2: nurses, step 3,4: doctors)

(2) YAF olE]Fo] A(Clinician Interface)2} @ o g A EAH

A HLANA AFE 1 Aol 2ol B AARE, RS FEG B 5 glom, B 283 o
8 WSS i FEHA FRES @7 oL, eht 9k JREUAT AZHOR Aol glo] oz

o

Eo] FR 7+ vlw et s Aol o2& A1l Ytk Figure 2). ool YEFEL ‘T FFARI HolEHE
IO & 4 gl E o] A7t B Rt AR o2kl shAlTt.

L e %18 Trend

| 2afize

[Fd weimaL] S@U) &R |[G8 Eatmpal] Saqu) &6 |u.>| ln|-u|| T
| Pt oyt

|
|

Figure 2 Clinician interface examples provided by a domestic university hospitals. From the top left, in turn (1), (2), (3), (4)
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S, B AR @ 28 s = A4 AR ARl vrdRt dlolE (o], AlF, 7IAEE $)E 1L
gisto] I 2o BT AS sljof shARh, AR Ao 71E AR A8 A S Qs 29
FA FFE VA= FaT B 8IS FEI| FHA R TGS 3t A oA AGE A He A

4,2, CIXl9|3& ot
(1) ¥3=2 A Pain points =8 A1}

Figure 3 Participatory design workshop #1: Collecting users’ pain points by the workflow steps

TEA7E 82e] EdE S45te 1DAARE A7 JFH 01 leds AWsts uhx|d ©A 717
(Figure 1) ZF A A1 E whelolr] Qlaf], tiehd e EulviatellA 24 53 o4 273 89| Ya=
S AR, 7 aAE A3 Qe BAFES TAESY A, A W diddAel 24 A& 8459t
(Figure 3).

Aas AL APAT, AL A4 E9 AW WE o AleEe A Qe oA BHS AJZ3} 4]
(e.g., IR Ed1gz, dlolg 1te] FRIAE efolA] g2 Folokx #4 5), v 84 Hlo[HE
olastal Aed wf A EE XY, QJAtel THEAL 74| SJAtaT T, ZEEZ Ao o]y So dis &
T E25H3ich

AR, @ 4 dAQDA)NA = 71712 SAe B T3AE Yol AlAg YR EF|of sl
HAZEo| glolo, 84 2] YR A QEADANA = A Tt YFego] wet dg £ ‘EE‘:
7} AAEE B9 22 A0 R eyt @9 4] FRI/UL HAGHADANAE AlA" W 2AbEo] ¢
AR} At A AJ7HS wrdEhA] ke A= (Vertical) 1 Z(Figure 2-1)2] Al ZO2 $A} AR EH
w2 S AT} v w7 o] o x| A] (= T AT o] W& A0 eyt vpAH O 2 W R A A
GaADAA e A FAES A S AW TREFo| H|FEH 0|1 A& Q] Aol= AsIA] 97| i
o, FX 7} Qo & ok T AHohs A9 B A SR Vet

i

(2) tlo]g % & A%3HData Categorization & Stratification) 2%}

Figure 4 Participatory design workshop #2: Data Categorization & Stratification
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g A @ B HolH §3S AWl ek B3 Ak Figure 4), 2571 HloE(&Ae] 71, A%F,
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Table 1 The results of 3-layer pyramid based on the correlation of blood glucose-related data types
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Figure 6 Clinician interface design through repeated evaluations with medical staff

5.1. MEIESE 2 sHES $ISt HIo[E M=2l0 [}E Z|o]ofR 74
ORI AE AA 1, 28A00A QuEe] F5H R AFsiid 71E 44 dEH oA ZAH F oht
& Yol dlolEE 47] 9l "R B2 '] D asirh= Zolglth QuxlEo] Lyl A RIS ZAl=
a7l go|g golol-o AlLog dv-'o] 7Hs3tE2(Yang et al., 2016), A1 IS AlA2(d ol £
F R AAED GAA =EH FRe 95 EUR gRAEo| ddsl: Fa ARE SA-oR A
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P 2] A FAILE Aol AR, e Al tidt T3 JFES AdEF 0| 20A 7P FA £ 4 %
T35t al(Figure 6, 54T HWRIZE), 1 th30 & AAE A T &0 A% JRof| SAHAEAE F
oJ3}9 2 H(Figure 6, $-SATHrA) 24k t—'?*"ﬂ/ﬂ 4/\} }ZH‘;I et AighE Al gstAL Al
o] Ajbst=(15A1%) o 4 1= E sk¢lch(Figure 6,
5T, i gde
(Figure 6, 3}h).
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Figure 7 The blood glucose(horizontal line chart), meal and snack intake(vertical bar chart). and insulin/oral

hypoglycemic drugs(horizontal bar charts)
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Figure 8 Fasting blood glucose trends(top), post-meal blood glucose trends(bottom)
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Figure 9 Insulin type and dose suggestion and hyperglycemia/hypoglycemia alert(left); blood glucose prediction
according to the prescription(right)
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