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Figure S2. Publication Years of the Selected Articles
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interactive & GUI-based (5) interactive & semi-coded (4) interactive & coded (7)

Level of Interactivity
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Required Level of Programming Skills

Figure S5. Required Programming Skills and Provided Interaction Possibilities

« Evaluation is the ability to come up with judgments about the
importance of concepts.

» Synthesis the ability to integrate different elements ar
concepts in order to form a sound pattern or structure
S0 & new meaning can be established.

» The ability to differentiate facts and opinions.

Analysis
Application = Application is the ability to utilize an absiraction or to
use knowledge in a new situation.
[ )
I )
= Comprehension is the ability to understand the
Com prehension meaning of what is known.

» Knowledge is the ability to recall data and/or information.

Figure S6. Bloom’s Taxonomy with six categories (Anderson and Sosniak, |1994)
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Figure S7. Bloom’s Taxonomy; From existing work to future goal of the project

Criterion | Inclusion | Exclusion
Time 2000 to 2021 studies before 2000
Language English other languages

Type of Article | peer-reviewed research in | other types of documents
conference proceedings or
journals
Type of Method | studies presenting, using, | theoretical articles on AR in
or evaluating Authoring | general
Toolkits for AR

Table S1. Inclusion and Exclusion Criteria
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Toolkit Programming Skills | Level of | Source [Date of Access]
Interactivity

ARToolkit high static ARToolKit (2021)

0sgART high static OSGART|(2021)

ImageTclAR medium dynamic Image'lcl (2021

Studierstube high dynamic Studierstube|(2021))

DWARF high dynamic Dwart| (2021

Instant Reality high dynamic InstantReality (2021)

Google Poly low static GooglePoly (2021)

Unity high dynamic Unity| (2021)

Unreal Engine high dynamic Engine (2021)

Google ARCore | high static ARCore (2021)

ARK:it high dynamic ARKit (2021

Layar high static WE‘(]%WDP

Vuforia Studio low dynamic Vuforia (2021

Blippar low dynamic Blippar (2021

Wikitude high static Wikitude (2021)

Metaio low static Metaio (2021

AWE low dynamic AWE (2

AR Media Studio | low dynamic Inglobe lTechnologies

(2021))

Spark AR Studio | medium dynamic SparkAR! (2021

Snapchat  Lens | medium dynamic Snap Inc. T(TZTIB

Studio

A-Frame medium dynamic A-Frame (2021

MR Toolkit high dynamic oolkit 1

DesignAR low static Designar (2021

MagicBook low static MagicBook] (2021)

VEDILS low static edils

Areeka low dynamic %

Table S2. Accessible AR Authoring Toolkits and Their Characteristics

Frontiers



Supplementary Material

Toolkit Academic Source Toolkit Type Citation
Count
ARToolkit Katol| (2007) static & GUI-based 34
0sgART Looser et al.| (2006) static & GUI-based 102
ImageTclAR Owen et al.[(2003)) interactive & semi-coded 41
Studierstube Schmalstieg et al.[ (2002 interactive & coded 622
DWARF Bauer et al.|(2001) interactive & coded 310
Balcisoy Balcisoy et al.[(2000) interactive & coded 61
1aTAR Lee et al.[(2004) static & coded 223
K-MART Chot et al.[(2010) static & coded 14
Google Poly Crawtord et al.[(2020) interactive & coded 0
Unity Kim et al.[(2014)) interactive & coded 110
ARScratch Radu and Maclntyre| (2009) interactive & GUI-based 51
Unreal Engine Sanders| (2016) static & GUI-based 49
Google ARCore | Lanham|(2018) interactive & coded 33
Layar Liao and Humphreys (2015) static & GUI-based 111
Vuforia Studio Simonetti Ibanez[(2013) interactive & GUI-based 44
BuildAR Looser| (2010) interactive & GUI-based 1
Spark AR Studio | Spark (2019) interactive & semi-coded 4
PoseMMR Pan and Mitchell (2020b)) static & GUI-based 3
Tiles Poupyrev et al.| (2001) interactive & semi-coded 111
HoloBuilder Speicher et al. (2015) interactive & semi-coded 11
MR Toolkit Dias et al.|(2003b) interactive & coded 16
DesignAR Reipschlager and Dachselt| (2019) | static & coded 28
MagicBook Billinghurst et al. (2001) static & coded 645
VEDILS Mota et al.[](2016]) static & coded 24
Areeka Buchner and Jeghiazaryan (2020) | interactive & GUI-based 3

Table S3. Academic references to AR Authoring Toolkits , Toolkit Types and citations count
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Toolkit Affordability Device Compatibility | Collaboration
Free/Commercial (Web, HMDs, Desktop PC, | Capacity
licence Smartphones) (Yes/NO)

ARToolKit (2021) Free Smartphone, Desktop No

OSGART|(2021) Free Smartphone, Desktop No

Image'lcl (2021 Free Desktop No

Studierstube[ (2021)) Free HMDs Yes

Dwart| (2021) Free HMDs No

InstantReality| (2021) Free Desktop, Smartphone No

GooglePoly (2021) Free Web No

aya Commercial Smartphone No
% Free/Commercial | Web, Smartphone, | No
Desktop

Blippar| (2021) Free Smartphone, Web No

Wikitude (2021)) Commercial Web, Smartphone, | Yes
Desktop

Free Web, Smartphone, | No
Desktop

AWE (2021) Free Web No

Inglobe Technologies | Free/Commercial | Smartphone No
Free smartphone No
Free smartphone No
Free Web, Smartphone, | No

Desktop
Free Web, Smartphone, | No
Desktop
Free/Commercial | Mobile Web No
Free HMDs Yes
Free Smartphone No
Free/Commercial | Web No
Free HMDs Yes

Ediphy| (2020 Free Web No

Kim et al.| (2020 Free Smartphone No

AuthorAR Free Desktop PC No

ARgent (2020) Free Web No

AugmentedBook! Free Smartphone No
Free Smartphone No
Free Web Yes
Free Web Yes

Table S4. Analysis of Authoring Tools according to Affordability (Cost), Device Compatibility, Collaboration Capacity

Frontiers 7
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APPENDIX B

Toolkit Accessible Toolkit Accessible
ARToolkit Yes Authoring Wizard No
0sgART Yes CDT1; CDT2; CDT3 No
DART No VR Editor No
composAR No ARBookCreator No
AMIRE No AVATAR No
MSL_AR Toolkit No Tiles Yes
SceneCTRL No Facebook Spark AR Studio Yes
AR-Room No Snapchat Lens Studio No
ImageTclAR Yes HoloBuilder Yes
MR Platform No A-Frame No
Coterie No ProtoAR No
Studierstube Yes Web3D AR Authoring Tool No
DWARF Yes ATOMIC No
Balcisoy Yes FLARAS No
Instant Reality No MR Toolkit Yes
SOMOD No ARTag No
iaTAR Yes MX Toolkit No
Google Poly Yes Interface for Examination No
Unity Yes 360proto No
Unreal Engine Yes ARtalet No
Google ARCore Yes DesignAR Yes
Apple ARKit No MagicBook Yes
Meta-AR-App No MARS No
Layar Yes APRIL No
Vuforia Studio Yes ACARS No
Blippar Yes SUGAR No
PoseMMR Yes ARAUM No
Wikitude Studio No VEDILS Yes
k-MART Yes HARATIO No
Metaio Creator No AR Mobile Authoring Tool No
AR Scratch Yes Smartphone AR Authoring Tool | No
Powerspace No WAAT No
Build AR Yes Areeka Yes
AR Media Plugin No

Frontiers 13
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