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Table 1. Usability Evaluation Survey Questions

Xt Q8 3T} 7|7| Workstation A|ARIO] CHSH ALSXTHY Bt

Questionnaire

Details

Workstation & PACS®

« Satisfying Factors when using Workstation and PACS

« Factors that need Improvement when using Workstation and PACS
« Mainly Used “View" Preference when reading

The Method of Image Storage for
Reading Results

« Preferred the Method of Image Storage for Reading Results Storage Method
« Preferred PACS Transmission Imaging Configuration for Normal Breasts

« Preferred PACS Transmission Imaging Configuration for Category 4 or Higher Lesions

Comparison of Past and Current
Image

« Preferred Image Comparison Method
« Satisfying Factors when Comparing Past and currently Captured Images

« Factors that need Improvement when Comparing Past and currently Captured Images

Comparison of HHUS” and ABUS®
« ABUS Advantages
« ABUS Disadvantages

« Preferred Device between HHUS and ABUS

PACS : Picture Archiving and Communication System
YHHUS : Hand-Held Breast Ultrasound
9ABUS : Automated Breast Ultrasound

7 29 ¢3te] Wi, HHUSSHS) )2 7}e) 12 S
U v‘%"if‘é}gim zﬂxﬂ KA D A T Qe 33}
A AHE fEzgue 9 X4 F9& ol W
2 WA S m T,

SRM o o F FoF }\] i
we =] 3070 wukel A tidAel 307 o) 4]
A7 AR ol 23t 2 4% Ysjgon], 47
WA A e o Aol it 2A B AT 7))
Ao ¥rdsly] et AtE g eyt

|

09,

ABUS9| o5

2
1) Ar8Z{ekd Gt ZutolofEf (1) : S+ X} Z=

AT A 7122l JReH ABUS AHg AL =
Arst7] ol A tidAre A9, B, & F S ARE
= HHUS] A, 3 = E9t A] HQ ABUS?S] #HE&3F
A7) 7b AR AF o] 9= ARAMS BEE glolE

g 2.

[¢]

24 Hlwe) e Baw A7 oPARE 204 o4
o AL HGT AT WA RYFORM TR 7

g 713 RE A7 YARSREE 97 S0 753
th GE, SIEMENS AFS] ABUSE AR At thAd=}9]
ABUS AH& 77k 3 wlgto] 79, 3 o]ido] 147 |3
om 3 F Z9F A13E= ABUS =0 49 304 1
dto] 149, 307 o]Ato] 7l Ao 2 upetw| it} (Table
2).
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Table 2. Sociodemographic Characteristics and Experience of the Study Subjects

Questionnaire

=2

Details

Age + 20-29 Years
+ 30-39 Years
+ 40-49 Years
+ 50-59 Years

_

Work Experience

« Less than 2 Years

« More than 2 Years, less than 10 Years
« More than 10 Years, less than 20 Years
« More than 20 Years

—_

Number of HHUS® Performance per Week

« Less than 50 Cases

« More than 50 Cases, less than 100 Cases
« More than 100 Cases, less than 150 Cases
« More than 200 Cases

—_

Number of ABUS” to Readper Week

« Less than 10 Cases

« More than 10 Cases, less than 30 Cases
« More than 30 Cases, less than 50 Cases
« More than 50 Cases

Experience for ABUS

« Less than 1 Year

« More than 1 Year, less than 3 Years
« More than 3 Years, less than 5 Years
« More than 5 Years

ABUS Device (Manufacturer) - GE
(Select all that Applies)

« SIEMENS

N

Number of ABUS Devices in the Hospital <1
«2-3
>4

—_
A =2O0OON—_200OPPW—_LOD0O0O0OWW-=_DdbpouUNbPPhwWwwW-=—=

“HHUS : Hand-Held Breast Ultrasound
YABUS : Automated Breast Ultrasound
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Table 3. Results of the Study Subjects’ Response of Questionnaire on Workstation and PACS
Rate of Response (%)

Category Questionnaire Options All Less than 30 More than 30
Cases Cases
Satisfaction The Ease of Comparison between Images by 48 43 57
(Select all that synchronizing each Image Surface
Applies) Automatically Displaying the Location of the 67 71 57
Lesion or Distance from the Nipple
Editing Image Display Arrangement 19 29 0
The Ease of Storage and Exporting Images to PACS 24 21 29
Ease of Hot Key in Workstation 24 29 14
Quality of Ultrasound Images 14 14 14
Many-sided Image Reconstruction 52 50 57
Coronal View with a Full View of the Breast 90 86 100
Improvements Not able to measure Lesion Size in PACS 920 86 100
Needed Inconvenience when reviewing the Lesion in 48 57 29
(Select all that Workstation after Transmission to PACS
Applies) Uncertainty as to whether the Entire Breast is 33 29 43
included in the Image
Differences in the Scale of Lesions from 43 29 71
Conventional Ultrasound
Inaccuracies in Synchronization Function 43 43 43
Incompatible Image-marking across Multiple 38 36 43
Workstation
Differences in Image Quality due to Patient’s 19 7 43
Breathing and Examiner’s Technique
Image Quality Reduction when Raw Datais sentto 19 21 14
PACS
Waiting until being able to read in EMR” after 33 21 57
transmitting the Captured Image from Workstation
to the PACS
Mainly Used “View"”  Coronal Comparison 19 21 14
Preference (Select  Transverse Comparison 24 21 29

all that Applies) Transverse-Coronal(T-C) Comparison 76 64 100

PACS : Picture Archiving and Communication System
YEMR : Electronic Medical Record

ABUSE HIWSHGE o, & HPolA= EF HHUSE 219 AL A= ABUSE B8 QRE A% 84
o] A5ttt (Table 6). 3 3 B9 AJPshe= ABUS & 4 B 29 4 9l Ao 7P wEstta $H5H9
=70] 307 ol ddd AT gAY B9, HHUSSH ABUS o, 3t 3 5¢He] ABUS #5535 7|2 ABUS &=
Menzo tist A&7 HHUS7} 57%, ABUS7} 43% 2 o] 307 u|wkel ¢1 tiAal= ABUSO| tste] &
SAFI o 3 2 B9k AshE ABUS W&o 307 E 3§47 RIS £Y 4 Y& AHo| gl Wi o}
ugkel At th/dAt= HHUSO| tisf 71%2] As=8 B 4 WHE 1Est7] 98 CDFI (Color Doppler flow
Athe= HolA Zol7t A3t o= 7]&2 HHUSY|  imaging) E=& PDU (Pulsed Doppler Unit)9} 2 3
ABUSE 712 $3Fo2M Zdeo] S7tstal et 71 94e Q& ste 5 W7 2go] SAsH L 78 &
£ ABUSOIA @=5t7] o]l 9%38tA] gof HHUSY o] SEe=n 79 Bo/ds Yt ABUS #=%F
HNEEZH & o2 gepssin. o] 3071 01’4l AT tdRH: CAD AHg % H8e vl
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Table 4. Results of the Study Subjects’ Response of the Method of Image Storage for Reading Results-related
Questionnaire

Rate of Response(%)
Category Questionnaire Options ALL Less than 30 More than 30
Cases Cases
The Method  Storage Method Storing both the Method of Image Storage for
of Image Reading Results Data and Captured Imagesto 29 43 0
Storage for PACS”
Reading Storing to Workstation and sending only 67 50 100
Results Captured Images to PACS
Storing the Method of Image Storage for
Reading Results Data and Captured Images in 5 7 0
both PACS and Workstation
Configuring Captured  Transmission of the Default Number of
. . 19 14 29
Images in Case of a Images Set in the Software
Normal Breast Sending Screen Shot 62 64 57
Not sending other than Full Stack Image 0 0 0
Other Opinions 19 22 14
Configuring captured  Automatically creating after Marker setup -
. . 67 64 71
Images in case of a Coronal, Transverse, Sagittal
Category 4 or higher  Capture without Marker — Coronal 33 43 14
Lesion ~ Capture without Marker - Transverse 52 50 57
(Select all that applies) Capture without Marker - Sagittal 14 14 14
Capture after Size Measurement — Coronal 19 21 14
Capture after Size Measurement - Transverse 20 93 86
Capture after Size Measurement - Sagittal 19 14 29

JPACS : Picture Archiving and Communication System

7k 7 stk Aol glont o] AgEjel wet A & 3 A FY 9dS Hlashs HoIM = M2 TS
& A E9sty] ofdke WAL A 7ol Wol A ABUSOl EAsh=A] f7E BEshe A0 7t
Y esieha st Sehthe Hol ojs) 86%2 7MY 2 WEES nyon,
ABUS AHE Al QEE QI3 $414 BdS Y 4 Yot

oo L AL M WESE eaz edsdrt. 2 A neo]

EHBH Mol Bt QA E TS 2t

B QoM &89 MBS E3] ABUS Workstation Workstation @ PACS 7}e|ag|} s & Ad =

A2 tist BA4E U /M AFGS mpeteta, Jpdstal F 80% o|Ato] PACSOlA WWe A7) 240 BVt
A sk 71710 Whgsty] Qlstol AREARA BUHE ¥ 3 Ao tist] 7Hg Aol Bedt A}fg,g sttt
st ATH dolHE #4312 2, F Jdol & (Table 3). T3 ¥ EHOM nAE FAT F 75
€ 7ol g A S AoE HJon (Table 343 §4& PACSE AE3d7] Ysfire Al #+52=
3, 4,5, 6), 2t 7tE|g]o] tfa] AT TidAEC] 384 At of sttt H%A;%o] zA)st=r), o2 |2 st
o8 SHI oA E U3 2ok Workstation® 7] flgte] A71E WA SA s WS v A HH T
PACSO] tiate] At tidAES S Sheol & 4 )1 W 272 A5 QAEA Fe= A7 285 B
+ Coronal viewe} &3l 90% _4 NELE Holm 71 AMRALY AMEAS A7) S pAcsoﬂ/qc B o]
WEIE 942 SHH, BEATNE PAAGLHel A7 Ao saA B 7] 24 F AT AT
o3 A= Workstationol] #1743 } PACSOlE A 44 e 7lss F7HRI2EN 71T 4 e AR Hel,

RS A (67%)& 7P ATeidlnh. A 89 9 FIHHLR PACSY A% &F A, AF A £A%
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Table 5. Results of the Study Subjects’ Response of “Comparison of Image by Past and Present Images Related

Questionnaire”

Response Rate (%)

Category Questionnaire Options Less than 30 More than
ALL
Cases 30 Cases
Comparison of ~ Method of Image Comparison of the Original Images from 33 29 43
Image by Past Comparison Workstation
and Present Comparison of the Screen Shot Image sent to 52 57 43
Images the PACS”
Comparison of the Marked Areas on Workstation 14 14 14
Satisfaction Ease of Comparison of Previous Image from 43 36 57
(Select all that ABUS” and Current Image in Workstation
Applies) Able to find newly Discovered Lesions in Past 86 79 100
ABUS
Able to objectively determine whether thereisa 57 36 100
Change in the Lesion
Ease of Reading using “Synchronization” 14 14 14
Function
Improvements Omission of Previous ABUS Lesion Site Markings 19 29 0
needed Poor Layout of Workstation Comparison Reading 19 21 14
Ge'?,d all that Lesion Size Variation by Scan Plane 19 21 14
applies) Discovery of New Lesions due to FOV’ Changes 14 21 0
Not able to compare to ABUS and other Tests at 24 14 43
other Hospitals
Inconvenient when manually loading the Image 81 71 100
of Previous ABUS
Omission of Examination Date Information in 19 21 14

Comparison Readings (ex. Sending Historical

Screenshots)

JPACS : Picture Archiving and Communication System
P ABUS : Automated Breast Ultrasound
IFOV : Field of View

A EHS Ags AT tdREo] A=,
Raw data, A4 <4 _‘?_?E}EJ TE floJEE PACS
o A& 4 JridH S2 Holy 4 Al §
83 Aoln 1¥o] AW Raw DataE A7|AHjo|A Eg

Sfof s WAZGo] AT AOE oLt
BEAGG IHAPINY B9, AT WIS F

B71 Workstationo| A} =2 3-g /A4 0 "}Xﬂ
HE QRE AY¥sdey o2 93 Raw data AAS
PACSE A&stoloF gom PACSE Ho|E|7t AEH A
AU AYe SR} ol & Aol HH &
AlSt A} A 7F AAE o] ThA| WHE: $2383fofof 3= &
Ao g ojojF{THAL SH "‘:} (Table 4). =528 4
AL A S A7e & NAS = PACSE HEetlS
o) H=AE 1%} Al o] ”Zﬂﬂ?‘] HEE RS
H AMEAF7L HlolE E 58 Zi o8 HT A& AoE

r
L

o o

=

At E T
1A &9 9 =
HEAES £AYPLe s A &Y 03%% Egjetof st}
= QoA @2
A7HA] Zpolof wet 2 HAE & 5"} 4?}—‘?— A7}
g9k w5 Al A7) %ZH??_}E}J"'— SHaATH E=3
7 &Y Y A Y 3]
7] A gt oHS W
o] Workstation®|] <J
& AR EQ Aol Al BAH
£ Q& AHgA7} Layout M®-&
AHEALO] AR S A & A
|

Tht4: o] AT TS

tt HHUSE o A3s38te= AES Bt (Table 6). t
HHUS AHE A ZAIZES] 97 AAPE 22 5™ AR}

_37_



Chete

OFQ HIHTIC|BIT|X| 2024:21:31-40

Table 6. Results of Study Subjects’ Response of HHUS vs. ABUS-related Questionnaire

Rate of Response(%)

Category Questionnaire Options ALL Less than More than
30 Cases 30 Cases
Comparison Preferred Device HHUS 67 71 57
of HHUS” ABUS 33 29 43
and ABUS™ “ABUs Disadvantages  Sufficient with only HHUS 10 14 0
(Select all that Applies)  |naccuracy of Acquired Images 10 7 14
(Poor Image Quality)
Difficult Synchronization between Image Planes 10 14 0
Inconvenience when needing Additional Imaging 57 71 29
such as CDFI? or PDU for differentiating Malignant
Lesions
Difficulty Capturing the Entire Breast Dependingon 38 36 43
the Patient’s Condition
ABUS Advantages Maximization of the Number of Examinations per 14 21 0
(Select all that Applies) Inspector
Reduction of Physical Strain of Task 33 36 29
Accurate Comparison when comparing to Past 29 21 43
Examinations
Able to utilize CAD? 19 7 43
Reduction of False Positives 10 7 14
JHHUS : Hand-Held Breast Ultrasound
Y ABUS : Automated Breast Ultrasound
9CDFI : Color Doppler Flow Imaging
9PDU : Pulsed Doppler Unit
?CAD : Computer Aided Design
upet Jx7E AAA A Zpol7h WA THE Dol EA) W oY AYE EAs A tidAE B i
ATH4, 6, 8, 9). 12 AU I3 34 AE $HE o LY APL MU BE AT PAASEEE o 5
Sutoh £ XA ZJol Psd Y WG 28§ Yol AP B, 2198 BE A7 haREol GE
RI N2HE IR EH ABRS7 BEBET  Aje] ABUSE AMEELIL 9l 02 TholEo] Ao
AHEALY] 2 AT FARAIZN] 5 4 dew AAa M B4 71dY FHIE 7IEL R dHolHrt AE AT
of G2 HA7} 4AE Ao AYHEch 9 BY B4 = A2 AU Dy o) w 9 JalE AR
g EE AR £ FFS dgs] Y] A3 F A ZRE £JE SH HolHE B v Sl 7ol A
o) gt WAL UuE G2 YHFEES sl FZ  GE AFS) ABUSE AFE3HAL 18-S Tefslgon, 720
Sfie SO AATE £F WA X4 Gk 253 B3 A ABUS o B A7 AT} ANE A
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Usability evaluation of the 3D automated breast ultrasound
Workstation system

Seunghee Kim', Hyeonkyeong Choi’, Yujeong Ma', Won Seuk Jang"", Min Jung Kim”

'Department of Medical Device Engineering and Management, Yonsei University College of Medicine, Seoul, Korea
’Department of Radiology, Severance Hospital

Purpose: In order to develop a domestic ultrasound combination imaging system for breast cancer
diagnosis, we conducted a usability evaluation to identify the necessary improvements to the
user interface of pre—existing foreign automated breast ultrasound device.

Materials and Methods: We surveyed twenty—one breast radiologists at a multicenter institution about
the ABUS workstation system using four evaluation categories.

Results: The 21 breast radiologists who participated in the usability evaluation were most satisfied
with the coronal view of the breast in Workstation, with a 90% satisfaction rating. On the other
hand, 90% of the study subjects said that the inability to measure the size of lesions in their
current PACS system was the biggest improvement needed. In comparison of image by past
and present images, the most satisfying factors is able to find newly discovered lesions in past
ABUS (86%).

Conclusion: By reflecting the user requirements identified through the usability evaluation in device
development, we aim to minimize use errors and develop safe devices to revitalize domestic
medical devices.

Index words: 3D automated breast ultrasound(ABUS), Breast ultrasound, Workstation, Usability
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