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Accessible Screenshots and Tables
All screenshots included in this presentation are each described in a 

YouTube video. The corresponding YouTube video is linked to the 

screenshot so that you can start it by clicking on the screenshot. In 

addition, the transcript of the video is stored as alternative text for the 

screenshot.

All tables are alternatively available as Excel files. There is a link 

"Download Excel file" at the very beginning of each table (first focusable 

element).



Research Question

What would be the appropriate solution for monitoring websites in 

terms of accessibility for the websites of the “Hochschule der Medien 

Stuttgart” (English: “Stuttgart Media University”)?



Advantages of an Accessibility Monitoring System

Automatic and 
powerful 

accessibility 
checks

Scope: entire 
websites

Progress overview Teamwork

Reports Scheduled scans Establish rules



Siteimprove



Siteimprove Screenshot – Accessibility 
Dashboard

This screenshot is described in the following video: Video Siteimprove Accessibility Dashboard

https://youtu.be/incmOBu_19E
https://www.youtube.com/watch?v=incmOBu_19E&feature=youtu.be


Siteimprove Screenshot – Error View

This screenshot is described in the following video: Video Siteimprove Error View

https://youtu.be/QmorCHzn7dY
https://www.youtube.com/watch?v=QmorCHzn7dY&feature=youtu.be


Siteimprove Screenshot – Guideline View

This screenshot is described in the following video: Video Siteimprove Guideline View

https://youtu.be/jHubCxpHIMg
https://www.youtube.com/watch?v=jHubCxpHIMg&feature=youtu.be


Siteimprove Screenshot – Single Page 
Browser Extension View

This screenshot is described in the following video: Video Siteimprove Single Page Browser Extension View

https://youtu.be/dQjN-i1HPcc
https://www.youtube.com/watch?v=dQjN-i1HPcc&feature=youtu.be


Siteimprove - Summary

Positives Negatives



axe Monitor
DEQUE



axe Monitor Screenshot – Project 
Dashboard

This screenshot is described in the following video: Video axe Monitor Project Dashboard

https://youtu.be/TUa5mu5S1z8
https://www.youtube.com/watch?v=TUa5mu5S1z8&feature=youtu.be


axe Monitor Screenshot – Error List

This screenshot is described in the following video: Video axe Monitor Error List

https://youtu.be/1HT-_UB96BM
https://www.youtube.com/watch?v=1HT-_UB96BM&feature=youtu.be


axe Monitor Screenshot – Single Error 
View Part 1

This screenshot is described in the following video: Video axe Monitor Single Error View Part 1

https://youtu.be/7bqZxXWTEIs
https://www.youtube.com/watch?v=7bqZxXWTEIs&feature=youtu.be


axe Monitor Screenshot – Single Error 
View Part 2

This screenshot is described in the following video: Video axe Monitor Single Error View Part 2

https://youtu.be/d8OxMVji4Pc
https://www.youtube.com/watch?v=d8OxMVji4Pc&feature=youtu.be


axe Monitor Screenshot – Browser 
Extension axe Expert

This screenshot is described in the following video: Video Browser Extension axe Expert

https://youtu.be/RDj5ycD73S4
https://www.youtube.com/watch?v=RDj5ycD73S4&feature=youtu.be


axe Monitor - Summary

Positives Negatives



ARC Monitoring
THE PACIELLO GROUP



ARC Monitoring Screenshot – Dashboard

This screenshot is described in the following video: Video ARC Monitoring Dashboard

https://youtu.be/-k1KaYtNqo8
https://www.youtube.com/watch?v=-k1KaYtNqo8&feature=youtu.be


ARC Monitoring Screenshot – Domain 
Dashboard Part 1

This screenshot is described in the following video: Video ARC Monitoring Domain Dashboard Part 1

https://youtu.be/i77Jqufbuvg
https://www.youtube.com/watch?v=i77Jqufbuvg&feature=youtu.be


ARC Monitoring Screenshot – Domain 
Dashboard Part 2

This screenshot is described in the following video: Video ARC Monitoring Domain Dashboard Part 2

https://youtu.be/lUyMhL-BOuM
https://www.youtube.com/watch?v=lUyMhL-BOuM&feature=youtu.be


ARC Monitoring Screenshot – Error View

This screenshot is described in the following video: Video ARC Monitoring Error View

https://youtu.be/QNzy4JePlzg
https://www.youtube.com/watch?v=QNzy4JePlzg&feature=youtu.be


ARC Monitoring Screenshot – Browser 
Extension ARC Toolkit

This screenshot is described in the following video: Video Browser Extension ARC Toolkit

https://youtu.be/iKKMb7At3Zc
https://www.youtube.com/watch?v=iKKMb7At3Zc&feature=youtu.be


ARC Monitoring - Summary

Positives Negatives



Pope Tech



Pope Tech Screenshot – Dashboard

This screenshot is described in the following video: Video Pope Tech Dashboard

https://youtu.be/2vZC0XWVRY8
https://www.youtube.com/watch?v=2vZC0XWVRY8&feature=youtu.be


Pope Tech Screenshot – Error List

This screenshot is described in the following video: Video Pope Tech Error List

https://youtu.be/Rm8WTK9JZIY
https://www.youtube.com/watch?v=Rm8WTK9JZIY&feature=youtu.be


Pope Tech Screenshot – Error Details

This screenshot is described in the following video: Video Pope Tech Error Details

https://youtu.be/EGReQQtRzcI
https://www.youtube.com/watch?v=EGReQQtRzcI&feature=youtu.be


Pope Tech Screenshot – WAVE Browser 
Extension

This screenshot is described in the following video: Video WAVE Browser Extension

https://youtu.be/YXnjGHmB81s
https://www.youtube.com/watch?v=YXnjGHmB81s&feature=youtu.be


Pope Tech - Summary

Positives Negatives



Definitions
• A true positive (TP) - is an error that was indicated as an error by the accessibility monitoring 

system and which is found to be an actual error by manual checking.

• A false positive (FP) - an error that was reported as an error by the accessibility monitoring 

system, but which is not found to be an accessibility error by manual checking.

• If an accessibility monitoring system identifies a finding as a true accessibility error, but it does not break 

any success criteria, is only a usability error or it is best practice, then it is considered a FP.

• If found  accessibility errors are no barriers, for example because an error is located in an element that is 

always hidden for every user, then this is also evaluated as FP.



Definitions
• A false negative (FN) - a true error that was not recognized as an error by the accessibility 

monitoring system.

Note: whether it is a TP or a FP has been checked manually and in case of controversial questions 

has been discussed with two accessibility experts.



Evaluation Criteria Part 1
Coverage of webpages (weight: 10,49 %) (Abduganiev, 2017; Vigo, 2013)

▪ Number of crawled websites. No duplicate websites are counted or jump marks to the same 

page. Only pages with new content count.

▪ Automatic authentication

▪ Evaluation of processes.

Coverage of success criteria (w: 10,84 %) 

▪ Number of violated success criteria found.



Evaluation Criteria Part 2
Completeness (w: 9,42 %) (Abduganiev, 2017; Vigo, 2013)

▪ Relation between true positives and false negatives.

Correctness (w: 9,59%) (Abduganiev, 2017; Vigo, 2013)

▪ Relation between true positives and false positives.

Support for localization of errors (w: 10,49 %)

▪ How well are the errors localized on a webpage?

Support for manual checks (w: 9,20 %)

▪ How well is manual reporting of errors supported?



Evaluation Criteria Part 3
User experience (empirical) (w: 14,96 %) 

▪ User study results with User Experience Questionnaire (Laugwitz, Held, and Schrepp, 2008).

Gamification Patterns (w: 5,62 %) 

▪ Number and types of gamification patterns (Majuri, Koivisto, and Hamari, 2018).

Input formats (w: 5,50 %) 

▪ Range of file formats that can be evaluated.



Evaluation Criteria Part 4
Report formats (w: 3,54 %)

▪ Range of report file formats for export.

Methodology Support for WCAG-EM (w: 4,61 %)

▪ Support for the Website Accessibility Conformance Evaluation Methodology 1.0 (WCAG-EM) 

methodology (Eric Velleman, 2014).

Methodology Support for German BITV-Test (w: 5,73 %) 

▪ Support for the BITV-Test methodology (BITV-Test, 2019).



Meeting of Experts
Some of the evaluation criteria were derived from the literature or directly adopted, others were 

newly defined.

In order to ensure that the evaluation criteria were based on a scientific foundation, six experts 

(professors working in appropriate fields and accessibility experts) were invited in the context of 

this work to discuss and vote on the weighting of the evaluation criteria.

These experts also voted on the weighting of the six scales of the "User Experience 

Questionnaire" (UEQ) (Laugwitz, Held, and Schrepp, 2008) for the evaluation criterion: User 

Experience (empirical), which are necessary to combine the values into a single value, the "Key 

Performance Indicator" (KPI).



Samples for Evaluation Criteria
Samples from selected websites are used for the following evaluation criteria:

• Coverage of Success Criteria 

• Completeness

• Correctness

• Support for Manual Checks

Samples of HdM website:

• https://www.hdm-stuttgart.de/

• https://www.hdm-stuttgart.de/hochschule/profil/qm

• https://www.hdm-stuttgart.de/science

Samples of HdM Digitization website:

• https://Digitization.hdm-stuttgart.de/

• https://Digitization.hdm-stuttgart.de/barrierefreiheit/barrieren-melden/

https://www.hdm-stuttgart.de/
https://www.hdm-stuttgart.de/hochschule/profil/qm
https://www.hdm-stuttgart.de/science
https://digitalisierung.hdm-stuttgart.de/
https://digitalisierung.hdm-stuttgart.de/barrierefreiheit/barrieren-melden/


Settings and Rules Part 1
• The evaluation criteria of the accessibility monitoring system and the pertaining browser 

extension were combined. 

• For the evaluation criterion "coverage of webpages" the scan depth was 1, i.e. main page + one 

level of subpages.

• The conformance level tested against was WCAG 2.1 AAA.

• The scan of May 19, 2020 was used.



Settings and Rules Part 2
• If a true positive error violates several success criteria, then this error counts as an error also per 

violated success criterion.

• We have also manually checked which errors fit which success criteria and which do not.

• "Manual checks" are the manual checks and findings of all accessibility monitoring systems 

combined.



Data of the Evaluation Criteria

• The values of the results of the evaluation criteria are either in a 

range from 0 to 1 or are converted to this value range by 

normalization.

• For the final result, the normalized results of all evaluation criteria 

are multiplied by their respective weightings and then summed up.



Success Criteria Result Summary

Evaluation Criteria Weights Siteimprove axe Monitor ARC Monitoring Pope Tech

Coverage of webpages 10,49% 0,74 1,00 0,75 0,75

Coverage of success criteria 10,84% 1,00 0,67 0,87 0,83

Completeness 9,42% 0,97 0,62 1,00 0,70

Correctness 9,59% 0,85 1,00 0,65 0,83

Support for localization of errors 10,49% 1,00 0,60 0,80 0,80

Support for manual checks 9,20% 0,23 1,00 0,88 0,36

User experience (empirical) 14,96% 1,00 0,09 0,07 0,73

Gamification Patterns 5,62% 1,00 0,24 0,48 0,12

Input formats 5,50% 1,00 1,00 0,50 0,50

Report formats 3,54% 1,00 1,00 1,00 1,00

Methodology Support for WCAG-EM 4,61% 0,75 1,00 0,80 0,70

Methodology Support for BITV-Test 5,73% 1,00 1,00 1,00 0,87

Result Index: 100 %
#1:

0,87

#2:

0,71

#3:

0,69

#3:

0,69

Download Excel file

https://cloud.mi.hdm-stuttgart.de/s/AafpgjYLZnSxbs9/download


Coverage of Webpages (Scan Depth: 1)
Siteimprove Pope Tech ARC Monitoring axe Monitor

Pages crawled (HdM) 

w: 25%

155 pages 

= 0.97

157 pages 

= 0.98

158 pages

= 0.99

160 pages 

= 1

Pages crawled 

(Digitization) 

w: 25%

19 pages 

= 1

19 pages

= 1

19 pages

= 1

19 pages

= 1

Automatic 

Authentication? 

w: 25%

Yes.

= 1

Yes.

= 1

Yes.

= 1

Yes.

= 1

Can scans monitor 

processes?

w: 25%

No.

= 0

No.

= 0

No.

= 0

Yes with recorded 

scripts.

= 1

Result (normalized) 0.74 0.75 0.75 1

Download Excel file

https://cloud.mi.hdm-stuttgart.de/s/Q5DLH8ZPCaHMpTj/download


Coverage of 
Success Criteria
Violated success criteria found 

with at least one true positive.

Formula:

𝒄𝐨𝐯𝐞𝐫𝐚𝐠𝐞 𝐨𝐟 𝐬𝐮𝐜𝐜𝐞𝐬𝐬 𝐜𝐫𝐢𝐭𝐞𝐫𝐢𝐚 =
𝒂

𝒃
Coverage of success criteria is equal to a divided by b..

where:

a : violated success criteria found by a 

specific tool.

b : total found violated success criteria 

by all tools and manual checks 

combined.
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Coverage of Success Criteria (Table View) 

axe Monitor Pope Tech ARC Monitoring Siteimprove Manual checks

Number of found violated 

success criteria (HdM).
14 18 16 26 48

Violated success criteria found 

in % (HdM).

w: 50 %

29% 38% 33% 54% 100%

Number of found violated 

success criteria (Digitization).
5 6 7 6 14

Violated success criteria found 

in % (Digitization).

w: 50 %

36% 43% 50% 43% 100%

Result (normalized) 0,67 0,83 0,87 1,00

Download Excel file

https://cloud.mi.hdm-stuttgart.de/s/CQ5NmqTkbcQjqCi/download


Completeness

Relation between true 

positives and false negatives.

Formula:

Completeness=
𝒉

𝒊
Completeness is equal to h divided by i.

where:

h : true positives found by a single 

tool.

i : total number of true positives 

found.

152 149
260

146

561 564
453

567

AXE MONITOR POPETECH SITEIMPROVE ARC MONITORING

HDM
True Positives False Negatives

11 15 15
29

61 57 57
43

AXE MONITOR POPETECH SITEIMPROVE ARC MONITORING

DIGITALISIERUNG
True Positives False Negatives



Completeness (Table View)

axe Monitor Pope Tech Siteimprove ARC Monitoring Manual checks

True Positives (HdM) 152 149 260 146 417

False Negatives (HdM) 561 564 453 567 0

Completeness

(HdM)

w: 50 %

21% 21% 36% 20% 100%

True Positives (Digitization) 11 15 15 29 41

False Negatives (Digitization) 61 57 57 43 0

Completeness

(Digitization)

w: 50 %

15% 21% 21% 40% 100%

Result normalized 0.62 0.70 0.97 1.00

Download Excel file

https://cloud.mi.hdm-stuttgart.de/s/HDLbnR3n6witzd5/download


Correctness

Relation between true 

positives and false positives.

This criterion can only be 

checked manually.

Formula:

Co𝐫𝐫𝐞𝐜𝐭𝐧𝐞𝐬𝐬 =
𝒋

𝒋+𝒌
Correctness is equal to j divided by j + k.

where:

j : true positives found by a single 

tool.

k : false positives found by a single 

tool.
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Correctness (Table View)

ARC 

Monitoring

Pope Tech Siteimprove axe Monitor

True positives (HdM) 146 149 260 152

False positives (HdM) 290 56 24 0

Correctness (HdM) 33 % 73 % 92 % 100 %

True positives (Digitization) 29 15 15 11

False positives (Digitization) 1 1 4 0

Correctness (Digitization) 97 % 94 % 79 % 100 %

Result normalized 0.65 0.83 0.85 1.00

Download Excel file

https://cloud.mi.hdm-stuttgart.de/s/Sgjpg4r38DAKgF3/download


Support for Localization of Errors

Opens directly the 

page with error in 

the browser 

extension

Highlights 

errors

Scrolls to the 

error

Image 

preview

Jump to 

error code 

Sum Result normalized

Siteimprove 1 1 1 1 1 5 1.0

Pope Tech 1 1 1 1 4 0.8

ARC Monitoring 1 1 1 1 4 0.8

axe Monitor 1 1 1 2 0.6

Download 

Excel file

https://cloud.mi.hdm-stuttgart.de/s/4eEnMT664weJXZ7/download


Support for 
Manual Checks

Evaluates the reporting of 

possible errors, which helps 

the user to find true positives.

Formula:

S𝐮𝐩𝐩𝐨𝐫𝐭 𝐟𝐨𝐫 𝐦𝐚𝐧𝐮𝐚𝐥 𝐜𝐡𝐞𝐜𝐤𝐬 =
𝒎

𝒐
Support for manual checks is equal to m divided by o.

where:

m : potential errors found by a 

specific tool, which result in a true 

positive error.

o : all found true positives.
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Support for Manual Checks (Table View)
Siteimprove Pope Tech ARC Monitoring axe Monitor Manual checks

Possible errors to check them 

manually (HdM)
266 234 251 96 0

True positives that have emerged 

from these checks (HdM)
49 77 153 62 713

Support for manual checks (HdM)

w: 50%
7 % 11 % 21 % 9 %

Possible errors to check them 

manually (Digitization)
171 0 43 20 0

True positives that have emerged 

from these checks (Digitization)
0 0 3 13 72

Support for manual checks 

(Digitization)

w: 50%

0 % 0 % 4 % 18 %

Result (normalized) 0.23 0.36 0.88 1

Download Excel file

https://cloud.mi.hdm-stuttgart.de/s/g45tdctQPrqcYRf/download


User Experience (Empirical) – User Study
• We conducted a user study with 15 participants. The target group for the user test consisted of website 

administrators from the HdM and students who had attended at least one lecture on accessibility and web 

development.

• The User Experience Questionnaire (UEQ) (Laugwitz, Held, and Schrepp, 2008) was used for the 

evaluation. The weighting of the scales of the UEQ by the meeting of experts was as follows:

Scale Weight
Attractiveness 5,17
Efficiency 6,83
Perspicuity 6,67
Dependability 5,83
Stimulation 3,50
Novelty 2,50

Download Excel file

https://cloud.mi.hdm-stuttgart.de/s/ePpRjH7J3sDLKBH/download


User Study – Methodologies Part 1
• Free Exploration Test (Goodman, 2012)

• Instead of concrete tasks, users had 15 minutes per accessibility monitoring system and browser 

extension used by the company to look at the tool and check its functionality.

• Within-Subjects (Nielsen, 1994)

• Every participant has tested every tool. 

• Counterbalancing (Albert, 2013) 

• To avoid fatigue or learning effects, counterbalancing was used, which in this case means that the order 

in which the users tested the tools was changed for each session. Care was taken to ensure that each tool 

was tested as often as possible on each position.



User Study – Methodologies Part 2
• Coaching (Nielsen, 1994)

• The participants were allowed to ask questions about the tools, which person who performed 

the experiment answered as well as possible and in as equal detail as possible for all tools.

• Think-aloud protocol (Nielsen, 1994)

• The users were asked to think out loud during the user test. 

• Participants who gave too contradictory information according to the UEQ's 

instructions were excluded from this study.

• This was the case with two participants, so there are now only 13 evaluated data sets.



User Experience (Empirical) – Siteimprove

KPI = 1.33 ➔ normalized result = 1.0
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Distribution of Answers for Siteimprove per Item 
(Table View) Part 1

Item 1 2 3 4 5 6 7 Scale

annoying / enjoyable 0 1 0 3 5 2 2 Attractiveness

not understandable / understandable 0 0 1 1 3 5 3 Perspicuity

dull / creative 0 1 1 4 3 3 1 Novelty

difficult to learn / easy to learn 0 0 2 1 6 1 3 Perspicuity
inferior / valuable 0 0 0 2 2 8 1 Stimulation
boring / exciting 0 0 1 1 7 4 0 Stimulation
not interesting / interesting 0 0 0 2 5 5 1 Stimulation

unpredictable / predictable 0 0 0 2 4 4 3 Dependability

slow / fast 0 0 2 5 3 2 1 Efficiency

conventional / inventive 1 0 2 1 5 4 0 Novelty

obstructive / supportive 0 0 0 1 2 6 4 Dependability

bad / good 0 0 0 1 4 6 2 Attractiveness

complicated / easy 0 1 1 1 3 5 2 Perspicuity

unlikable / pleasing 0 0 0 2 5 4 2 Attractiveness

usual / leading edge 0 2 1 3 5 2 0 Novelty

unpleasant / pleasant 0 0 0 2 4 4 3 Attractiveness

not secure / secure 0 1 0 5 2 5 0 Dependability
demotivating / motivating 0 0 0 3 1 5 4 Stimulation

does not meet expectations / meets expectations 0 0 1 1 3 4 4 Dependability

Download Excel file

https://cloud.mi.hdm-stuttgart.de/s/2pTZsMkP2C9mtCn/download


Distribution of Answers for Siteimprove per Item 
(Table View) Part 2

Item 1 2 3 4 5 6 7 Scale

inefficient / efficient 0 0 1 1 3 5 3 Efficiency

confusing / clear 0 1 0 2 2 6 2 Perspicuity

impractical / practical 0 0 1 1 3 6 2 Efficiency

cluttered / organized 1 0 1 1 2 5 3 Efficiency

unattractive / attractive 0 0 1 3 2 4 3 Attractiveness

unfriendly / friendly 0 0 0 3 5 3 2 Attractiveness

conservative / innovative 0 0 4 1 2 6 0 Novelty

Download Excel file

https://cloud.mi.hdm-stuttgart.de/s/2pTZsMkP2C9mtCn/download


Benchmark for Siteimprove (Table View)

Scale Mean Comparison to benchmark Interpretation

Attractiveness 1,41 Above Average 25% of results better, 50% of results worse

Perspicuity 1,35 Above Average 25% of results better, 50% of results worse

Efficiency 1,27 Above Average 25% of results better, 50% of results worse

Dependability 1,52 Good 10% of results better, 75% of results worse

Stimulation 1,46 Good 10% of results better, 75% of results worse

Novelty 0,60 Below Average 50% of results better, 25% of results worse

Download Excel file

https://cloud.mi.hdm-stuttgart.de/s/riTXgYiX27NsQjQ/download


User Experience (Empirical) – Pope Tech

KPI = 0.93➔ normalized result = 0.73
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Distribution of Answers for Pope Tech per Item 
(Table View) Part 1

Item 1 2 3 4 5 6 7 Scale

annoying / enjoyable 0 0 3 2 3 3 2 Attractiveness

not understandable / understandable 0 1 0 1 4 5 2 Perspicuity

dull / creative 0 0 2 2 4 4 1 Novelty

difficult to learn / easy to learn 0 0 1 3 5 3 1 Perspicuity

inferior / valuable 0 0 0 3 5 4 1 Stimulation

boring / exciting 0 0 3 3 5 2 0 Stimulation

not interesting / interesting 0 0 0 5 4 3 1 Stimulation

unpredictable / predictable 0 1 1 2 6 3 0 Dependability

slow / fast 0 0 1 5 4 3 0 Efficiency

conventional / inventive 0 0 0 3 6 3 1 Novelty

obstructive / supportive 0 0 1 1 5 5 1 Dependability

bad / good 0 0 0 1 3 7 2 Attractiveness

complicated / easy 0 0 2 1 5 2 3 Perspicuity

unlikable / pleasing 0 0 1 4 5 2 1 Attractiveness

usual / leading edge 0 0 1 5 5 2 0 Novelty

unpleasant / pleasant 0 0 0 6 5 2 0 Attractiveness

not secure / secure 0 0 1 4 4 4 0 Dependability

demotivating / motivating 0 0 2 0 6 4 1 Stimulation

does not meet expectations / meets expectations 0 0 1 2 4 5 1 Dependability
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Distribution of Answers for Pope Tech per Item 
(Table View) Part 2

Item 1 2 3 4 5 6 7 Scale

impractical / practical 0 0 1 2 7 1 2 Efficiency

cluttered / organized 0 2 2 2 1 5 1 Efficiency

unattractive / attractive 0 0 1 2 3 5 2 Attractiveness

unfriendly / friendly 0 0 1 2 7 2 1 Attractiveness

conservative / innovative 0 0 1 4 3 4 1 Novelty
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Benchmark for Pope Tech (Table View)

Scale Mean Comparison to benchmark Interpretation

Attractiveness 1,10 Below Average 50% of results better, 25% of results worse

Perspicuity 0,96 Below Average 50% of results better, 25% of results worse

Efficiency 0,87 Below Average 50% of results better, 25% of results worse

Dependability 1,02 Below Average 50% of results better, 25% of results worse

Stimulation 0,96 Below Average 50% of results better, 25% of results worse

Novelty 0,94 Above Average 25% of results better, 50% of results worse
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Distribution of Answers for axe Monitor per Item 
(Table View) Part 1

Item 1 2 3 4 5 6 7 Scale

annoying / enjoyable 0 1 6 3 2 1 0 Attractiveness

not understandable / understandable 0 2 4 2 3 1 1 Perspicuity

dull / creative 1 6 3 2 1 0 0 Novelty

difficult to learn / easy to learn 0 3 1 5 3 1 0 Perspicuity

inferior / valuable 0 0 1 4 5 3 0 Stimulation

boring / exciting 0 4 2 4 3 0 0 Stimulation

not interesting / interesting 0 2 3 2 5 1 0 Stimulation

unpredictable / predictable 0 0 1 2 7 2 1 Dependability

slow / fast 0 0 2 7 0 4 0 Efficiency

conventional / inventive 1 5 4 2 1 0 0 Novelty

obstructive / supportive 0 0 2 2 6 2 1 Dependability

bad / good 0 1 2 2 4 3 1 Attractiveness

complicated / easy 0 3 3 5 1 1 0 Perspicuity

unlikable / pleasing 0 2 3 7 0 1 0 Attractiveness

usual / leading edge 1 3 4 3 2 0 0 Novelty

unpleasant / pleasant 0 3 2 2 5 1 0 Attractiveness

not secure / secure 0 0 0 4 6 3 0 Dependability

demotivating / motivating 1 1 5 4 2 0 0 Stimulation

does not meet expectations / meets expectations 0 0 3 1 4 3 2 Dependability
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Distribution of Answers for axe Monitor per Item 
(Table View) Part 2

Item 1 2 3 4 5 6 7 Scale

inefficient / efficient 0 0 3 3 3 3 1 Efficiency

confusing / clear 0 1 6 2 2 1 1 Perspicuity

impractical / practical 0 2 2 1 4 3 1 Efficiency

cluttered / organized 0 2 2 3 3 2 1 Efficiency

unattractive / attractive 2 3 4 1 2 1 0 Attractiveness

unfriendly / friendly 0 1 4 4 3 1 0 Attractiveness

conservative / innovative 1 6 4 0 1 1 0 Novelty
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Benchmark for axe Monitor (Table View)

Scale Mean Comparison to benchmark Interpretation

Attractiveness -0,18 Bad In the range of the 25% worst results

Perspicuity -0,17 Bad In the range of the 25% worst results

Efficiency 0,50 Bad In the range of the 25% worst results

Dependability 0,94 Below Average 50% of results better, 25% of results worse

Stimulation -0,10 Bad In the range of the 25% worst results

Novelty -1,15 Bad In the range of the 25% worst results
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Distribution of Answers for ARC Monitoring per 
Item (Table View) Part 1

Item 1 2 3 4 5 6 7 Scale

annoying / enjoyable 1 4 0 5 2 1 0 Attractiveness

not understandable / understandable 1 4 1 0 6 1 0 Perspicuity

dull / creative 0 3 4 3 2 0 1 Novelty

difficult to learn / easy to learn 1 4 1 2 3 1 1 Perspicuity

inferior / valuable 0 1 1 3 5 2 1 Stimulation

boring / exciting 0 3 5 3 2 0 0 Stimulation

not interesting / interesting 1 1 3 3 4 1 0 Stimulation

unpredictable / predictable 1 2 0 3 4 2 1 Dependability

slow / fast 0 0 0 7 5 0 1 Efficiency

conventional / inventive 2 0 5 2 3 1 0 Novelty

obstructive / supportive 0 1 3 3 3 1 2 Dependability

bad / good 0 1 3 1 5 1 2 Attractiveness

complicated / easy 0 3 2 1 3 3 1 Perspicuity

unlikable / pleasing 0 4 2 1 5 1 0 Attractiveness

usual / leading edge 1 1 4 4 3 0 0 Novelty

unpleasant / pleasant 1 2 2 1 5 2 0 Attractiveness

not secure / secure 0 0 0 6 4 3 0 Dependability

demotivating / motivating 1 2 2 1 4 2 1 Stimulation

does not meet expectations / meets expectations 1 1 1 1 5 3 1 Dependability
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Distribution of Answers for ARC Monitoring per 
Item (Table View) Part 2

Item 1 2 3 4 5 6 7 Scale

inefficient / efficient 1 0 4 0 5 1 2 Efficiency

confusing / clear 0 4 3 1 2 3 0 Perspicuity

impractical / practical 0 3 1 4 2 2 1 Efficiency

cluttered / organized 2 1 3 1 2 3 1 Efficiency

unattractive / attractive 2 1 3 3 2 2 0 Attractiveness

unfriendly / friendly 0 3 2 2 3 3 0 Attractiveness

conservative / innovative 2 1 3 3 4 0 0 Novelty
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Benchmark for ARC Monitoring (Table View)

Scale Mean Comparison to benchmark Interpretation

Attractiveness -0,08 Bad In the range of the 25% worst results

Perspicuity -0,13 Bad In the range of the 25% worst results

Efficiency 0,31 Bad In the range of the 25% worst results

Dependability 0,54 Bad In the range of the 25% worst results

Stimulation 0,00 Bad In the range of the 25% worst results

Novelty -0,46 Bad In the range of the 25% worst results
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User Experience (Empirical) - Results

Siteimprove Pope Tech axe Monitor ARC Monitoring

KPI 1,33 0,97 0,11 0,09

Result 

(normalized)
-> 1,00 -> 0,73 -> 0,09 -> 0,07
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Weighting of the Gamification Patterns Part 1
• In the literature review by Majura et al. (Majuri, Koivisto, & Hamari, 2018) studies for each Gamification 

Pattern were quantified in a table. 

• We added the "weighting" column, which is calculated as follows: 

• weighting = number of positive papers / (positive papers + equal papers + negative papers).

Affordance
Mainly positively 

oriented

Null or equal positive and 

negative

Mainly negatively 

oriented
Sum Weighting

Points, score, XP 38 13 1 52 73.08%

Leaderboards, ranking 27 13 3 43 62.79%

Badges, achievements, medals, trophies 25 12 2 39 64.10%

Challenges, quests, missions, tasks, clear goals 27 8 2 37 72.97%

Levels 19 7 2 28 67.85%

Cooperation, teams 17 2 2 21 80.95%

Quizzes, questions 15 3 18 83.33%

Progress, status bars, skill trees 13 2 1 16 81.25%

Social networking features 11 1 2 14 78.57%

Performance stats, performance feedback 13 1 14 92.86%
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Weighting of the Gamification Patterns Part 2

Affordance
Mainly positively 
oriented

Null or equal positive 
and negative

Mainly negatively 
oriented

Sum Weighting

Timer, speed 12 12 100%

Narrative, narration, storytelling, dialogues, theme 10 1 11 90.91%

Avatar, character, virtual identity 8 1 9 88.89%

Competition 7 1 8 87.50%

Virtual currency 3 1 4 75%

Full game (also board games), also undescribed

commercial gamification systems 

1 2 3 33.33%

Reminders, cues, notifications, annotations 1 1 2 50%

Real world/financial reward 1 1 2 50%

Role play 1 1 100%

Game rounds 1 1 100%

Motion tracking 1 1 100%

Penalties 1 1 100%

Total 297 74 15 386
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Gamification Patterns
• The evaluation criterion “Gamification Patterns” is the number of gamification patterns multiplied by the 

respective weighting. The “weighting” (w) corresponds to the previous table.

Siteimprove ARC Monitoring axe Monitor Pope Tech

Points, score, XP (w: 0,73 ) 2 1

Progress, status bars, skill trees (w: 0,81 ) 2 1 1 1

Competition (w: 0,88 ) 1 1

Challenges, quests, missions, tasks, clear 

goals (w: 0,73 )
1 1

Performance stats, performance 

feedback (w: 0,93 )
2 1

Result 6,55   3,15 1,54 0,81

Result (normalized) 1,00 0,48 0,24 0,12
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Input Formats

axe Monitor Siteimprove ARC Monitoring Pope Tech

HTML 1 1 1 1

PDF 1 1 0 0

Result 2 2 1 1

Result 

(normalized)
1 1 0.50 0.50
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Report Formats
Siteimprove ARC Monitoring Pope Tech axe Monitor

HTML 1 0 1 1

PDF 1 1 1 0

XLSX 0 1 0 1

CSV 1 1 1 1

Result 3 3 3 3

Result 

(normalized)
1.0 1.0 1.0 1.0
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Methodology Support for WCAG-EM Teil 1 
axe Monitor Siteimprove Pope Tech

ARC 

Monitoring
Comments

Step 1.a: Define the Scope of the Website 1 1 1 1 Each of the tools can define which pages should be checked.

Step 1.b. Define the Conformance Target 0.5 1 0 0.5

Siteimprove: Can check websites for conformance level AAA.

Pope Tech: The conformance level is not changable. 

ARC Monitoring and axe Monitor: They have no „AAA“ 

conformance level. 

Step 1.c: Define an Accessibility Support Baseline 1 0 0.5 0
Pope Tech: The Viewport is customizable.

axe Monitor: Agent is selectable.

Step 1.d: Define Additional Evaluation Requirements 

(Optional)
1 1 1 1 Each of the tools can sort by errors and show how to fix them.

Step 2.a: Identify Common Web Pages of the Website 0 0 0 0 None of the tools has a function that supports this.

Step 2.b: Identify Essential Functionality of the Website 0 0 0 0 None of the tools has a function that supports this.

Step 2.c: Identify the Variety of Web Page Types 0 0 0 0 None of the tools has a function that supports this.

Step 2.d: Identify Web Technologies Relied Upon 0 0 1 0 Pope Tech: Shows which technologies are used on which pages

Step 2.e: Identify Other Relevant Web Pages 0 0 0 0 None of the tools has a function that supports this.

Step 3.a: Include a Structured Sample 0 0 0 0 None of the tools has a function that supports this.

Step 3.b: Include a Randomly Selected Sample 0 0 0 0 None of the tools has a function that supports this.

Step 3.c: Include Complete Processes 1 0 0 0 axe Monitor: Recordable scripts for performing processes.

Step 4.a: Check All Initial Web Pages 1 1 1 1 Each of the tools can check the initial pages.

Step 4.b: Check All Complete Processes 1 0 0 0 axe Monitor: Recordable scripts for performing processes.

Step 4.c: Compare Structured and Random Samples 1 1 1 1 With each of the tools pages can be compared.

Step 5.a: Document the Outcomes of Each Step 1 1 1 1
Each of the tools can generate reports that offer various 

possibilities for documentation.

Step 5.b: Record the Evaluation Specifics (Optional) 0 0 0 0 None of the tools has a function that supports this.
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Methodology Support for WCAG-EM Teil 2 
axe Monitor Siteimprove Pope Tech

ARC 

Monitoring
Comments

Step 5.c: Provide an Evaluation Statement (Optional) 0 0 0 0 None of the tools has a function that supports this.

Step 5.d: Provide an Aggregated Score (Optional) 1 1 0 1 Pope Tech: Has no score.

Step 5.e: Provide Machine-Readable Reports (Optional) 0.5 0.5 0.5 0.5 None of the tools support EARL

Result 10 7.5 7 7

Result normalized -> 1.0 -> 0.75 -> 0.70 -> 0.70
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Methodology Support for German BITV-Test 
Part 1

axe Monitor Siteimprove ARC Monitoring Pope Tech Comments

Evaluation Methodology:

Evaluation Methodology: 2 1
Siteimprove: PDFs

axe Monitor: Agents, PDFs

4.1. What belongs to the test item? 2 2 1 1
Siteimprove: PDFs

axe Monitor: PDFs

6.1. Analysis of the web presence 1 1 1 1 Different barriers can be detected with each tool.

6.2.3. Cover all barriers 1 1 1 1
With each tool the user can identify different page types based 

on the error list.

6.2.4. Include different page types 1 axe Monitor: Recordable scripts for performing processes.

6.2.5. Include different page states
None of the tools can automatically search for pages with 

different functions.

Evaluation Steps:

1.1.1a Alternative texts for control elements 1 1 1 1

1.1.1b Alternative texts for graphics and objects 1 1 1 1

1.1.1c Empty alt attributes for layout graphics 1 1 1 1

1.1.1d Alternatives for CAPTCHAs

1.2.1a Audio-only and Video-only (Prerecorded) 1 1 1

1.2.2a Captions (Prerecorded) 1 1 1 1

1.2.3a Audio Description or Media Alternative 1 1 1 1

1.2.4a Captions (Live) 1

1.2.5a Audio Description (Prerecorded) 1 1 1 1

1.3.1a Info and Relationships for Titles 1 1 1

1.3.1b Info and Relationships for Lists 1 1

1.3.1c Info and Relationships for Citations
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Methodology Support for German BITV-Test 
Part 2

axe Monitor Siteimprove ARC Monitoring Pope Tech Comments

1.3.1d Content Structured 1 1 1 1

1.3.1e Data Tables Correctly Structured 1 1 1 1

1.3.1f Assignment of table cells 1 1 1 1

1.3.1g No Structure Markup for Layout Tables 1 1 1 1

1.3.1.h Labeling of Form Elements can be Determined 

Programmatically
1 1 1 1

1.3.2a Meaningful Sequence 1 1

1.3.3a Sensory Characteristics 1

1.3.4a Orientation 1 1

1.3.5a Identify Input Purpose 1 1

1.4.1a Use of Color 1 1 1

1.4.2a Audio Control 1 1 1

1.4.3a Contrast (Minimum) 1 1 1 1

1.4.4a Resize text 1 1

1.4.5a Images of Text 1

1.4.10a Reflow

1.4.11a Non-text Contrast
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Methodology Support for German BITV-Test 
Part 3

axe Monitor Siteimprove ARC Monitoring Pope Tech Comments

1.4.12a Text Spacing 1 1

1.4.13a Content on Hover or Focus

2.1.1a Keyboard 1 1 1

2.1.2a No Keyboard Trap 1

2.1.4a Character Key Shortcuts

2.2.1a Timing Adjustable 1 1 1 1

2.2.2a Pause, Stop, Hide 1 1 1

2.3.1a Three Flashes or Below Threshold

2.4.1a Bypass Blocks 1 1 1 1

2.4.2a Page Titled 1 1 1 1

2.4.3a Focus Order 1 1 1

2.4.4a Link Purpose (In Context) 1 1 1 1

2.4.5a Multiple Ways 1

2.4.6a Headings and Labels 1 1 1

2.4.7a Focus Visible 1

2.5.1a Pointer Gestures

2.5.2a Pointer Cancellation

2.5.3a Label in Name 1 1

2.5.4a Motion Actuation

3.1.1a Language of Page 1 1 1 1

3.1.2a Language of Parts 1 1 1

3.2.1a On Focus

3.2.2a On Input 1 1
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Methodology Support for German BITV-Test 
Part 4

axe Monitor Siteimprove ARC Monitoring Pope Tech Comments

3.2.3a Consistent Navigation

3.2.4a Consistent Identification

3.3.1a Error Identification 1 1

3.3.2a Labels or Instructions 1 1 1 1

3.3.3a Error Suggestion 1 1

3.3.4a Error Prevention (Legal, Financial, Data)

4.1.1a Parsing 1 1 1

4.1.2a Name, Role, Value 1 1 1 1

4.1.3a Status Messages 1

Result 39 39 39 34

Result (normalized) 1 1 1 0.87
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Success Criteria Result Summary

Evaluation Criteria Weights Siteimprove axe Monitor ARC Monitoring Pope Tech

Coverage of webpages 10,49% 0,74 1,00 0,75 0,75

Coverage of success criteria 10,84% 1,00 0,67 0,87 0,83

Completeness 9,42% 0,97 0,62 1,00 0,70

Correctness 9,59% 0,85 1,00 0,65 0,83

Support for localization of errors 10,49% 1,00 0,60 0,80 0,80

Support for manual checks 9,20% 0,23 1,00 0,88 0,36

User experience (empirical) 14,96% 1,00 0,09 0,07 0,73

Gamification Patterns 5,62% 1,00 0,24 0,48 0,12

Input formats 5,50% 1,00 1,00 0,50 0,50

Report formats 3,54% 1,00 1,00 1,00 1,00

Methodology Support for WCAG-EM 4,61% 0,75 1,00 0,80 0,70

Methodology Support for BITV-Test 5,73% 1,00 1,00 1,00 0,87

Result Index: 100 %
#1:

0,87

#2:

0,71

#3:

0,69

#3:

0,69
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