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FDM Full Color 3D Printer GUI Design
Development of Checklist for Usability
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Abstract With the recent development of 3D printers, there is a growing need to make them similar
to real products. As a result, FDM full-color 3D printers have been developed and actively distributed,
but GUI design has fallen short of that, causing confusion among users. Accordingly, this study
conducted a literature survey, and through a case study, the current status of FDM full-color 3D
printers was identified and the components of GUI design were analyzed based on prior research. The
draft checklist was drawn up according to the components of the derived GUI design, and 24 items
were deleted through the three Delphi surveys and the validity of the remaining 26 items was verified.
As a result, the layout should consist of intuitive screen configuration and menus with high frequency
of use, and the text should be intuitive and clearly communicated. In addition, the icon should be
placed in a visible position and used in real life to image it. Finally, we could see that the color should

be used to give feedback to the user using the highlight color and not overlap the output.
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Table 1. Manufacturing method comparison

Manufacturing method Investment | Production Sales
- I —facility -Unable to
construction . produce
—-material .
% - cost waste and sell in
R eeven=me | —Facility ~Additional small
oy Ot Production r0cess quantities
L — = | Period penerat'\on No
—limitation of | 9 customizati
Traditional Manufacturing form ons
Method
—Fixed Cost Free
Reduction ;
~Small —custom Design
volume made Change
roduction —Additional |-freedom of
possible process production
|/ fIEree for savings form
m design —Personalize
Manufacturing with 3D
Printing
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Fig. 1. FDM 3D Printing
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Fig. 2. FDM Full Color 3D Printer
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Table 2. Manufacturing method comparison

Researcher Title GUI Design Components
A Study on Slice Pr
J.(g\é]l;)ee ogram GUI Design for :;aryout, Text, Icon, Co
FDM 3D Print
A Study on the Evaluation
of Comp
J. W. Seong Layout, Text, Icon,
(007)  |onents for GUI Des g, i dia
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avigator
A Study on the GUI
C. S. Cho |Design Elemen Layout, lcon, Color,
(2012) t of SmartPhone To Interaction
uchscreen
Preference Analysis
M(.2(8)68C>)h Botween Mobile GU It)aryout. Text, lcon, Co

| Entity and Design Factor

A study of usability

evaluation based on the

Y. J. Choo |visual elements of GUI
(2007) design in ki

osk of general hosp
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Layout, Text, Icon, Co
lor, Shape
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Table 3. FDM Full Color 3D Printer GUI Design Components

Components Contents
Layout Menu, Arrangement, Function, Grouping
Text formal elements, perceptual elements of an image
Icon an intuitive representation of the meaning
Color Evaluation item for a sense of unity
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Table 4. Evaluation Component of Jakob Nielsen

Components Contents
- [t should be designed so that users can learn
Learnability
naturally.
Efficiency Resources required for accuracy and completeness

required to achieve user’s goals.

A design that can be understood without bringing

Memory degree back memories.

It is better to design carefully to prevent problems

Error ;
from occurring.

satisfaction Ease of use or degree of user satisfaction.
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Table 5. An object of Research

Model Characteristics

With almost unlimited col

or range, CMYK inkjet ca
rtridges are used. The da Vinci
Color prints 200 x 200 x 150mm
and has a maximum print speed
of 180mm / s. The printer is
equipped with a sensor at the
end of the filamen

t, which can be stopped and
restarted, and all printouts are
waterproof.

A(Da vinci Color)

Combines extrusion based 3D
printing with inkjet technology
known to 2D printers. Parts are
created layer by layer with
traditional colorless PLA, while
3D printers emit CMYK ink
simult

aneously from the print head to
create color.

B(Rize)

In addition to its own machines,
. OVE is dev
eloping a color module kit that
other OEM can integrate into
the syst
em. Until now, printers are
compatible with PLA

but OVE is working with
numerous thermopla
stic manufacturers to de
velop new materials for new
applications.
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Table 6. Layout

Model Component ‘

A(Da vinci

Color) Contents1 (Information)

Contents2 (Color menu)

Contents3 (Output menu)

Contents4 (Settings menu)

B(Rize)

Contents1 (Information)

Contents2 (Main Screen)

Contents3 (Bottom Menu bar)

S | — |
[ [ woe [ Ewuwon ]

Control 11 Print | Ink

Settings

C(Ove)

Contents1 (Stop Menu)

. Contents2 (Extruder Menu)
. Contents3 (Bottom Menu bar)
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Table 7. Text

Model Component

A(Da vinci
Color)

B(Rize)

C(Ove)

3.2.3 Icon

A(Da vinci Color)= "= ofo]E4t J¥of ujz]st
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Table 8. Icon

Model Component

A(Da vinci
Color)

B(Rize)

C(Ove)

3.2.4 Color
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Table 9. Color

Model Component

A(Da vinci Color)

Gradient

SDB76D 2D373D FFFFFF

B(Rize)

1181CD  00C4F2 FFFFFF

C(Ove)

FFFEFF 000000  FFO000
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Table 10. GUI Design Components

Component

Draft GUI Design Guidelines

Layout

Information

Print

Color Filament

Settings Help

Information (temperature, time, materials,
etc.)

Print (output file, nozzle, etc.)

Color (ink cartridge, residuals, etc.)

Filament (type of material, quantity of
remaining material, etc.)

Utilities (extruders, temperature control,
bed movement)

settings (upgrade, Wi-Fi settings, etc.)

Help (remote support, specificatio
ns, etc.)

Text

~ Print (Overall Output Related Topics)

- Ink (Overall Ink Cartridge, Colors Related Topics,

- Filament (Overall Material Types, Material
Exchange Related Topics)

- Utilities (Overall temperature, extruder, bed
related items)

~ Settings (Topics on overall firm ware upgrades,
customizations)

- Help (Remote support for errors and overall help,

Icon

- Use flat surface icons.

- Simplify icons to increase intuition.

- Differentiate and clarify the colors of icons

- It does not deviate significantly from the
framework of existing icons.

Color

- To convey the meaning clearly t through
emphasis.
- Identity should be secured through color.

£ H|5$351] Macintosh Human Interface guidelines,

Preece et al&

214l

Table 11.

ZARIE O e o2 Table 113

Prior Study

Model

Component

Heuristic
Evaluation

- Intuitive System Status

- Systems suitable for real world use environments
- Give users freedom and initiative

- Consistency and Standardization

— error prevention

- intuitive design

- Flexibility and efficiency

- Simple and beautiful design

- support for errors

- Preparing Help and Documentation
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- Use familiar metaphors

- Direct manipulation

- See and Point

- Consistency

Macintosh human |- User’s Control
interface - Feedback and Dialogue
guidelines - Forgiveness

- Aesthetic Intergrity

- Atypical

- Knowledge of Audience

- Accessibility

- Effectiveness

- Efficiency

- Saftey

- Learnability

- Utility

Preece et al |- Memoryability

- Visibility

- Feedback

- Constrains

- Consistency

- Affordance
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Table 12. GUI Design Checklist Draft

valuation

— Contents

Component

1.Does it give users a quick, at a glance

view of information?

2.Do you often use menus that are

supported by the interface?

3.for user remain consistent to avoid

confusion?

4.s the location of each content

consistently divided?

5.Easy to find information or feature that
... |users want?

accessibility -

Layout 6.Are frequently used menus easily

recognized?

7.1s the configuration of the layout easy

to reach the desired information or goal?

Intuition

consistency

efficiency 8.Are there any size differences
depending on importance?
9.Does the design make good use of
the printer's characteristics?

aesthetic

10.Does color and screen arrangement
help focus?

11.Does the overall layout give an
aesthetic impression?

Text

Intuition

12.Can text be easily seen and readable?

13.Doesn't it give you a complex feeling?

14.Do you deliver at-a—glance
information about errors?

consistency

15.Is the choice of words in the menu
consistent?

16.Is the structure of the text arranged
uniformly?

accessibility

17.Does the menu have a logical
function?

18.Is the text in a convenient place to use?

efficiency

19.Does the word attached to the functions
express the actual function well?

20.Is the text located in an efficient
location?

21.Can users easily remember text?

aesthetic

22.Is graphics and text in harmony?

23.Is the font and GUI in harmony?

Icon

Intuition

24.Can you intuitively understand the
function of the icon?

25.Are the components of the icon
clearly identified?

26.Distinguish information and represent
errors well?

consistency

27.Are the overall icons consistent?

28.Does the content and function of the
icon match?

29.Is the icon in a constant position?

accessibility

30.Is the icon in a convenient location
for use?

31.ls it possible to distinguish icons?

32.Are the features of printing grouped
and regularized?

efficiency

33.Does the processing speed match
the user's processing speed?

34.Does it provide the right size so that
there is no error in selection?

35.Can you quickly find a contextual icon?

aesthetic

36.Use images from real life?

37.1s there a big difference from
existing printers' graphics?

Color

Intuition

38.Is the printer intuitive for users
through color?

39.Can you see the color of the output
at a glance on the screen?

40.Does it show intuitively what it says
about ink color?

consistency

41.Are the colors consistent for each
screen?

42.1s the overall color consistent?

accessibility

43.Are there any color differences
depending on the function?

44.Does the color output icon stand out
well?

45.Does the use of highlight indicate
meaning well?

46.Does the printer show the character

efficiency well?
47.Does the screen reflect the actual
color of the output?
48.Does the overall color satisfy the user?
. 49.Is the overall color harmonious?
aesthetic

50.s the screen a color that does not
interfere with the color of the output?
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o= 5904 209 AE/E L83 AoE Fust
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A7gstdon, 54 oAkl UI/UX tiAkel AE7tel 53
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Al ZHloll 244 dxjo] ARE A6t
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Table 13. Overview of Delphi Survey

No. Survey Schedule Survey Contents

1 2020.08.21 Review and Remove Drafts
Likert 5 scale, modification and

2 2020.08.28 supplementation for primary su
rvey

3 2020.09.04 Mod\f\catlon and supp\ementat
ion of secondary investigation

4.3.2 1} RMO| Zit

UI/UX 9AR] A&7t 9 3DZAE A 7 J&
7t & 108 o2 =Y AR 2 7 94 EY8
FE A4, AFEL HE 7IestA stk 1 23 &
50709] FEoA 49, 1149, 139, 221, 254, 32,
3381, 3749, 409, 424, 48919 1171X] JE-& FDM
£ 77 3D=HE GUIHARI AFAE FEog F
o] ghth= 9o AASATL, 92 46/} B=
=lo] A5t F 12714 FES AAsHAT

Table 14. The first Delphi Result

Gampen va!uapon Contents Delete
ent principle
1.Does it give users a quick, at a
glance view of information?
Intuition
2.Do you often use menus that are
supported by the interface?
3.for user remain consistent to avoid
Layout .
confusion?
consistency
4.ls the location of each content X
consistently divided?
. ... |b5.Easy to find information or feature
accessibility
that users want?

6.Are frequently used menus easily
recognized?

efficiency

7.1s the configuration of the layout
easy to reach the desired information
or goal?

8.Are there any size differences
depending on importance?

aesthetic

9.Does the design make good use of
the printer's characteristics?

10.Does color and screen
arrangement help focus?

11.Does the overall layout give an
aesthetic impression?

Text

Intuition

12.Can text be easily seen and
readable?

13.Doesn't it give you a complex
feeling?

14.Do you deliver at-a—glance
information about errors?

consistency

15.ls the choice of words in the
menu consistent?

16.Is the structure of the text
arranged uniformly?

accessibility

17.Does the menu have a logical
function?

18.Is the text in a convenient place to
use?

efficiency

19.Does the word attached to the
functions express the actual function
well?

20.Is the text located in an efficient
location?

21.Can users easily remember text?

aesthetic

22.Is graphics and text in harmony?

23.Is the font and GUI in harmony?

Icon

Intuition

24.Can you intuitively understand the
function of the icon?

25.Are the components of the icon
clearly identified?

26.Distinguish information and
represent errors well?

consistency

27.Are the overall icons consistent?

28.Does the content and function of
the icon match?

29.Is the icon in a constant position?

accessibility

30.Is the icon in a convenient location
for use?

31.Is it possible to distinguish icons?

32.Are the features of printing
grouped and regularized?

efficiency

33.Does the processing speed match
the user's processing speed?

34.Does it provide the right size so
that there is no error in selection?

35.Can you quickly find a contextual
icon?

aesthetic

36.Use images from real life?

37.Is there a big difference from
existing printers’ graphics?
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4.3.3 2x} Amo| Zut

22t dato] ZARAE QA RALSE 12} Huto] RA}
ATE §Hdste] 1271A]9] FES Ak, WA
3871 B7FEol gt 2JAE 53 H& g AAlsHGich
PAE 57 Hmo] tist HdEXAE] AIE Ediz
Lawshe(1975)9] o]&] ZAstodAl CVR &gkl
0.62 vlvte] F=3 Hat gk 3.7 vlvke] FEI 39, 8
H, 108, 159, 239, 269, 384, 419, 439, 46WH &
E2 AAlean). T3 AFE e B4 9ISt Cronbach’s

38.Is the printer intuitive for users 13 4.90 0316 1 0714
through color? 14 4.80 0.422 1 0.715
Intuition 39.Can you see the color of the 15 4.80 0.422 1 0.696
output at a glance on the screen? 16 4.80 0.422 1 0.675
40.Does it show intuitively what it X L1 4.40 0.699 08 0'67(2) X
says about ink color? 18 1.90 0876 il 071
- 19 4.90 0.316 1 0.681
41.Are the colors consistent for each 20 3.60 0.699 0 0.699 X
consistency |SCreen? 21 470 0483 1 0673
42.1s the overall color consistent? X 22 4.90 0.316 1 0.716
43.Are there any color differences 23 4.80 0422 1 0675
~ |depending on the function? 24 4.70 0.483 1 0.687
accessibility - 25 4.90 0.316 1 0.697
Color ﬁﬁ{D\,(\)/:ﬁ;he color output icon stand 2% 2.80 0632 08 0.665
- 27 4.70 0.483 1 0.700
45.Does the use of highlight indicate 28 4.80 0.422 1 0.689
meaning well? 29 | 140 0516 E 0.716 X
efficiency 46.Does the p7rmter show the 30 4.90 0.316 1 0.697
character well? 31 1.40 0516 -1 0.706 X
47.Does the screen reflect the actual 32 1.60 0.699 -1 0.668 X
color of the output? 33 4.70 0.483 1 0.720
48.Does the overall color satisfy the X 34 4.90 0.316 1 0.681
user? 35 1.90 0.994 -0.8 0.711 X
aesthetic |49.Is the overall color harmonious? 36 4.90 0316 L 0.697
37 4.80 0.422 1 0.695
50.Is the screen a color that does not 33 4.90 0316 1 0.697
interfere with the color of the output? - - -

4.3.4 3xt Qo] Azt

24} dmlo] AyE v o R 28719 =] ot g
AE 53 Hzo| digt AERARE XYt CVR
$:31%1 0.62 IRt} Hatgt 3.77]5ke] 3HEQl 184, 20
HE AHAstglon, 4g: EAMod HE FERo|
Cronbach’s a Zt 0.600 o2& Al ko] EA47} ¢
£ Aoz Yt

Table 16. Secondary Delphi Result

a 2 AESHeinh 1 43 BE =L Cronbach’s a No. M SD CVR Cronbach a | Delete
20l 060 ool AzEe] BAVE Qs om v L A0 | ome |1 | oo
2 49 316 1 638
1}
EFRtTt 3 4.00 1.155 08 0.609
4 4.60 0.516 1 0613
Table 15. Secondary Delphi Result o 460 0516 ! 0636
6 4.30 0.483 1 0.614
No. M SD CVR Cronbach a | Delete 7 430 0.675 0.8 0.570
! 4.90 0316 1 0701 8 4.20 0.632 08 0.620
2 4.80 0422 ! 0.705 9 450 0527 1 0.648
3 3.00 1.764 0 0.624 X
2 2.90 0316 1 0716 10 3.30 1.262 -0.4 0.647 X
5 4.80 0.422 1 0.696 1 4.40 0.699 0.8 0.636
6 4.20 0.632 08 0.698 12 2.70 1.160 -06 0.664 X
7 1.10 0.316 il 0.692 X 13 4.80 0.422 1 0.600
8 3.70 0.675 0.2 0.697 X 14 4.40 0516 1 0.640
9 4.60 0.699 08 0.720 5 250 0an . 053
10 4.90 0.316 1 0.709 : : :
11 1.90 0.876 -1 0.639 X 16 4.80 0.422 ! 0.607
12 4.40 0.699 08 0.698 17 4.40 0.699 08 0.576
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18 4.70 0.483 1 0.597
19 4.90 0.316 1 0.623
20 4.30 0.675 0.8 0.628
21 4.50 0.707 0.8 0.620
22 4.80 0.422 1 0.642
23 4.50 0.707 0.8 0.629
24 4.50 0.707 0.8 0.609
25 4.80 0.422 1 0.617
26 4.70 0.675 0.8 0.623
27 4.70 0.483 1 0.630
28 4.80 0.422 1 0.630

4.4 GUICIXIQ! RIT2IAE hat

FDM £ 23 3DZeE GUIHA] AZAE 29
2 uigo B A5 gistel AEAIE At
of A X7 Wrfo] A AYSHAT. 1 27 & 247
A0 =g AAET, HEHOR 2 GUITAIY &
49 Fojoby, BlAE, ofo|, Helo] W AAHAE
£ Aelsto] AAIGTh 1 A 3, Flolokel At
BAF AR Feo] TR S glom, dit A A}
85He Qo TAsoF Ak B3 AHESH] 9lok
St S, BAEL o 47 Sojglof S 7%5Se
29l BAE} 1 7158 2 Esh, GAES 47 7]
18 4 lofof Sttt A, ofolze AMg ] Befst 9]
)0 glolok ek, ek AN T ofu| A E ALE
so] ALgAR] Behe HAststolof Gk WA, Aol
B2AE B8] ALgAe] BEol AT V=S A
Yofof shul, B8] 2B Mk WelsHA e sh
Bge Aestolol STt A4 1G-S the Table 17

3} 2}

Table 17. Final GUI Design Checklist Draft

Component va!ua_tlon Contents
principle
1.Does it give users a quick, at a glance
view of information?
Intuition
2.Do you often use menus that are
supported by the interface?
5.Easy to find information or feature that
Layout
. |users want?
accessibility -
6.Are frequently used menus easily
recognized?
officienc 7.1s the configuration of the layout easy
V" |to reach the desired information or goal?
12.Can text be easily seen and
readable?
Text Intuition
14.Do you deliver at-a—glance
information about errors?

16.Is the structure of the text arranged

consistency uniformly?

17.Does the menu have a logical
function?

19.Does the word attached to the
functions express the actual function

accessibility

efficiency well?
21.Can users easily remember text?
. 24.Can you intuitively understand the
Intuition

function of the icon?
27.Are the overall icons consistent?

28.Does the content and function of the
icon match?

29.Is the icon in a constant position?
30.Is the icon in a convenient location

consistency

feon accessibility |for use?
31.Is it possible to distinguish icons?
34.Does it provide the right size so that
efficiency there is no error in selection?
35.Can you quickly find a contextual
icon?
aesthetic  |36.Use images from real life?
Intuition 39.Can you see the color of the output
at a glance on the screen?
accessibility 43.Are _there any color Qifferences
depending on the function?
45.Does the use of highlight indicate
Color efficiency meaning well?
47.Does the screen reflect the actual
color of the output?
49.Is the overall color harmonious?
aesthetic  |50.Is the screen a color that does not
interfere with the color of the output?
5. &=
F|Z GRIE FZsH7] 4% FDM 3DZYE Q] By
o] 5] o]FojR|AL glom, AR AA| AEH 2
© "HQl il gt Uzsk B2 F71kE k. ol

5417171 Y8l FDM & Ze 3DZEQ] 7ol o]
oA il Hgo] T glont 7[&HRl SHe| A
o] QhA7ke AZEQo]H]] Q491 QIEHolAE 1
of mx]z] Hata Qrt. EF 7] thE slAke] QIE o]
20 95to] ARBAE stojgd TS opr|etH, E3
GUITIARI EEske] "ol @7=|1 Qlrt. ofof ot
2} GUIH RIS NS gst7]o) A AR B7HE
{Jgt AAHAE o] AdP=]ojof g},

olo] £ A= 3DZAY, FDM & Az] 3DZHH,
GUIYAIY] tigt EARALE A8 319k 1 & Al
FAFE 59 94 FDM £ Ay 3DZHE ] dFS 1t
oFslal APATE F3 GUITARIS 4845 B4
3l9ith. ol= v o g FDM & Z 3D GUIT
AQ19] g8 40l Fojohy, HAE ofo|E, ABlE &
Eotlth T&T GUITIRRRIS] A 840 9] AR8A3
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