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Disclaimer

The contents of this document are the copyright of the ARETE consortium and shall not be
copied in whole, in part, or otherwise reproduced (whether by photographic, reprographic or
any other method), and the contents thereof shall not be divulged to any other person or
organisation without prior written permission. Only members of the ARETE Consortium,
entered the ARETE Consortium Agreement, dated 24.04.2019, and the European Commission
can use and disseminate this information.

Content provided and information within this report is the sole responsibility of the ARETE
Consortium and does not necessarily represent the views expressed by the European
Commission or its services. Whilst this information contained in the documents and webpages
of the project is believed to be accurate, the authors and/or any other participant of the
ARETE consortium makes no warranty of any kind with regard to this material.
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Executive Summary

D4.1 is the first deliverable of WP4 — User-centred Interactive Design. It consists of an
introduction (Section 1) and a conclusion (Section 4), which sandwich two major sections
reporting on the work that WP4 has conducted in the period of Month 1 to 14.

Section 2 presents the empirical tasks of WP4, utilizing a range of established Human-centred
Design (HcD) concepts and methods, which are briefly described in Section 2.1. In Section 2.2,
2.3 and 2.4, we describe the processes and outcomes of co-designing digital artefacts of Pilot
1, 2, and 3, respectively. Specifically, given the lack of access to end-users, the HCl team have
assumed the role of proxy users and applied usability heuristics to evaluate the interaction
design of mock-ups and prototypes, thereby providing feedback and improvement
suggestions.

Section 3 presents the analytical tasks undertaken in WP4, namely a systematic literature
review (SLR) on research studies pertaining to AR educational tools (ARETs) with a focus set
on usability and user experience (UX) (Section 3.1). The range of publication year is 2000-
2020. With the search string comprising the key terms - augmented reality, education,
learning, design, evaluation and school — 714 records have been returned by the four
databases (Section 3.2). After a series of screening/filtering steps, the final batch of 48 articles
have been analysed and synthesized (Section 3.3 — 3.5). Examples of intriguing findings
include (Section 3.5 - 3.6): (i) the application domains of the ARETs reviewed were largely
STEM,; (ii) only one study involved parents at home, who were untrained to provide support,
resulting in frustration in all parties involved; (iii) the majority of the studies deployed markers
despite the increasing sophistication of the markerless technology, which remains costly; (iv)
the collaborative learning mode for the ARETs was predominant, but the empirical evidence
of its effects as compared to the individual mode was lacking; (v) the number of attempts on
applying AR to support children with special needs to learn remained disappointingly low.
Implications of these and other insights for ARETE use scenarios have been drawn (Section
3.7).

Overall, despite the negative impacts of the pandemic, thanks to the ongoing close
collaborations among the partners, WP4 achieved its main goal in the first project year, albeit
regrettably not to its full extent.

4/70



e ARETE

* *
* 4 Kk

1 Introduction

The main goal of WP4 - User-centred Interactive Design —is to identify, update and integrate,
user-based insights into designing and developing the ARETE digital artefacts, rendering them
to be highly useful, usable, desirable and pleasurable. Methodologically, we draw on the
User/Human-centred Design (UcD/HcD) approaches, including Participatory Design (PD),
Usability and User Experience (UX) methods and tools. They are applied for formative and
summative evaluations of ARETE’s digital artefacts with different fidelity levels.

WP4 is led by the University of Leicester (ULEIC) where a team of Human-Computer
Interaction (HCI) specialists reside. Clearly, no HCl work can be done in a vacuum, the team
needs to work closely with the other WP4 partners to ensure the attainment of its goal.
Nonetheless, to insure transparency and clear responsibility, in the following text, the term
‘the HCI team’ is used to indicate our role in the related tasks.

The original deadline of this deliverable, D4.1, was M9. Unfortunately, the HCl work with
heavy reliance on access to end-users — teachers and students — has severely been disrupted
by the pandemic. The proposal to defer the release of D4.1 to M15 was made with the hope
that the grave situation would be eased over the summer. To our dismay, the situation has
not improved. The problem of inaccessible end-users has persisted since March 2020.
Consequently, the HCI team need to rely on previous collaborative experience with teachers
as well as school children and on analytic approaches (e.g. Heuristic Evaluation) without
involving end-users. Specifically, one ongoing key task of WP4 is to co-create the use scenarios
envisioned by the partners of the three Pilots from the interaction design perspective. The
HCI team assumed the role of students interacting with the prototypes under evaluation
when providing feedback (Section 2). Admittedly, results based on proxy users could be less
ideal although the use of such alternatives is not uncommon, which could also help mitigate
the delay of WP4’s input to WP3, WP5 and WP6.

Originally, in situ observations at schools were planned to be carried out in order to
understand the usage of educational technologies, including AR, in real-life contexts. Data so
collected were meant to provide contextualised inputs to substantiate the Pilots’ use
scenarios. According to the project plan, ethics application documents needed to be
prepared and approved (WP1) prior to any user-based studies being performed. In parallel,
WP4 launched the process of a systematic literature review (SLR)? on research studies
investigating AR educational tools (ARETs) with a focus on usability and UX design and
evaluation (Section 3). Insights from the SLR could inform the planned in situ observations.
Upon receiving the ethics approval, we were about to contact schools, asking for permission
to carry out observational studies. But this was exactly the time when national lockdowns
were executed in many of the European countries. This meant that in situ observations were
becoming not so meaningful or even impossible. Given that classroom activities, if allowed at

2 Some of the SLR processes and results presented in this deliverable have been submitted as a manuscript to
International Journal of Human Computer Interaction (IJHCI), Elsevier, and is currently under review. While this
manuscript focuses on the HCl aspect of ARETSs, we aim to prepare another publication on the pedagogical aspect
of ARETs.
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all, were adapted to the COVID-secure arrangement instead of regular settings, we planned
to conduct online interviews and web-based questionnaires to collect teachers’ and students’
experiences and visions of using AR. We have explored different dissemination channels, but
the response rates were low. Details will be documented in D4.2 (M18).

In this deliverable one of the main foci is on the SLR, for which we followed the established
PRISMA method and implemented the three stages: identification, screening/filtering, and
synthesis. From the four bibliometric databases, we identified 714 records, which were
narrowed down to the final batch of 48 quality articles. Results of the SLR not only allow us
to position as well as enhance the Pilots’ use scenarios but also enable us to draw implications
for other use scenarios. Some of the implications such as identifying innovative methods to
evaluate user experience with markerless AR may be realised within the lifetime of ARETE
whereas broadening the range of stakeholders of ARETSs, such as parents, museum curators,
children with special needs, could entail further effort beyond the project’s duration.

2 Applications of Human-Centred Design (HcD) Frameworks to the Pilots

In this section, we first present some basic HcD concepts and methods to be deployed in WP4.
Then we describe the processes and outcomes of the WP4 work applied to the digital
artefacts of the three Pilots.

2.1 Basic Human-centred Design (HcD) Concepts and Methods

As the focus of this deliverable is on the applications of HcD, we do not delve into the vast
body of the related theoretical frameworks. Instead a concise summary of each key approach
is presented as background.

2.1.1 Human-centred Design (HcD)

HcD is variously known as User-centred Design (UCD) (9241-11:1998/9241-210:2010) of which
the tenet is to involve end-users in the entire process of system development to ensure that
their needs and preferences as user requirements for the system will be taken into account.
The ongoing involvement of end-users is to enable their feedback on prototypes of different
fidelity to be collected and addressed by the development team. This process can maximise
user acceptance and adoption of the system delivered. In ARETE, we aim to involve teachers
and students in the process of HcD.

2.1.2 Usability

Usability is defined as “extent to which a system, product or service can be used by specified
users to achieve specified goals with effectiveness, efficiency and satisfaction in a specified
context of use” (ISO 9241-11:2018). For the ARETE project, usability of the developed apps is
especially important to ensure that no problems with the software impede the learning
process and that the students and teachers are satisfied with the way they reach their
(learning) goals.

2.1.3 User Experience (UX)

User Experience is defined as “user’s perceptions and responses that result from the use
and/or anticipated use of a system, product or service” (ISO 9241-210:2019). This is a very
broad definition, but compared to usability it is a shift towards the experiential quality of the
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interaction. For ARETE a positive User Experience with the developed apps is especially
important, to make sure students and teachers enjoy using the software (and will continue to
do so) to reach their learning goals.

2.1.4 Formative Evaluation

Formative evaluation is known as diagnostic evaluation, which is aimed to collect and analyse
end-users’ feedback to identify usability problems and improvement strategies, thereby
improving the interaction quality of the artefact under scrutiny. To support the development
efforts of other work packages (WP3 and WP5), WP4 performs formative evaluation of the
prototypes (Section 2.2, 2.3 and 2.4), empirically with end-users (e.g. focus groups, surveys)
and analytically without them (e.g. Heuristic Evaluation).

2.1.5 Summative Evaluation

Summative evaluation is conducted to collect input and feedback with the aim to check and
rate the artefact under scrutiny. In the HcD process, it is usually performed at a key stage of
the development process (e.g. final version, release version) to determine if the software
reaches specific goals, for example, high levels of usability and user experience. For ARETE
the summative evaluation of the HCI aspects will be incorporated into the Pilot evaluations
through close collaborations between WP4 and WP6.

2.1.6 Focus Group

Focus Groups are semi-structured group interviews facilitating the discussion of topics that
are of interest for the moderating researcher(s). Participants are encouraged to share their
feelings and thoughts through prompts (e.g. presenting ideas) or asking them questions
directly. For WP4, Focus Groups are performed with teachers to collect their input and
feedback on scenarios and functionality options or interface design alternatives.

2.1.7 Heuristic Evaluation (HE)

In Heuristic Evaluations feedback on software artefacts is generated without end-user
involvement by checking for compliance with or violation of usability heuristics (cf. the ten
widely used ones proposed by Jakob Nielsen, 19943). The main result of HE is a list of usability
problems and their impact (e.g. severity). To support developers, this list typically includes
recommended modifications that can be implemented to address and resolve the usability
problems identified (Section 2.2 and 2.3).

2.2  Pilot 1: Interaction Design of WordsWorthLearning (WWL)

Two major evaluation tasks on the digital artefacts designed for Pilot 1 have been conducted,
namely Heuristic Evaluation of the website (Section 2.2.1) and Feedback on the app’s scripts
(Section 2.2.2). The process and sample outcomes are reported in the following.

2.2.1 Heuristic Evaluation of the Website
In the early phase of the project (February 2020), Heuristic Evaluation of the current WWL
application was performed by a team of HCI specialists in WP4. This activity served two

3 https://www.nngroup.com/articles/ten-usability-heuristics/
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purposes. It allowed the HCI specialists to get familiar with the content and functionality of
the program to be transformed into an AR app in the course of the ARETE project. This was
useful as background when providing input and feedback during the AR app design and
development process. In addition, and more importantly, the HE resulted in feedback from
the user-perspective, which could be used by WWL to inform the design decisions when
working on the AR app. To perform the Heuristic Evaluation the team went through the WWL
program level by level and step by step, assuming the role of a student (and acting as a proxy
providing feedback) as well as applying usability heuristics when evaluating the interface and
interaction design.

As described in the methods section above (see 2.1), the Heuristic Evaluation resulted in
tables of Usability Problems, together with Recommended Modifications to address and
resolve the problems identified. An example from the generated HE report can be seen in
Figure 2.1, more details are presented in Appendix A: Excerpts from the Heuristic Evaluation
report for the WWL program. After the sessions in which usability problems were identified
and recommended modifications were generated, the list of usability problems was
circulated around the team. Each team member then assigned severity ratings from high over
medium to low. These ratings indicate how important and urgent it is for the designers and
developers to address the problem. Discrepancies in severity ratings were finally discussed to
reach a consensus for each usability problem. In total the Heuristic Evaluation resulted in 48
low-, 44 medium-, and 14 high-severity usability problems being discovered and recorded.
Besides problems the report also presented positive observations, for example “The colourful
course landing / overview page is very visually appealing, especially for younger children.” to
let the designers and developers know about good aspects of the website.
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Based on our observations and discussions regarding the usability of the WWL Level 2 page

(https://www.wordsworthlearning.com/v2/lesson/display/2/1), we recommend the following

modifications:

Usability Problem Recommended Modification Severity
65 The level progress bar does not behave as The level progress bar should L
expected. It indicates the full progress right move two steps for each module.
after entering the page. One when the page is entered
and one when it is left.
= =
66 Interface shown in the video is not the one Update the video to show the M
actually used. current interface.
| tue | E®| C >
REPLAY
67 The solution does not show the counters so Display the counters underneath H
the user cannot check if their answer is the nonsense word sounds.
correct.
Group1 Exercise
cC ¥ >

Figure 2.1: Example page from the WWL program HE report.

2.2.2 Feedback on the app script

To further support the WWL app development the team of HCI specialists provided feedback
on the script. This includes input and change recommendations on phrasing as well as
interface and interaction design suggestions of aspects of the app reflected in the script. The
text that is said by TipTop, the little robot guiding the learners through the program, was
evaluated from the perspective of the target group based on the experience the team had,
for example, from previous projects with school children. Feedback about the text here was,
for example, to break down long explanations in shorter fragments, to make the content
easier to understand for the target group, or suggesting more child-friendly terms,
expressions, and phrases, to keep the communication playful and engaging. App and
interaction design was also commented on as proxy for students as well as based on HCI
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guidelines. Examples for recommendations to improve the app were having more sounds, to
make the virtual environment more realistic and engaging, or having animations of TipTop
explaining how to play the games or perform the exercises instead of only giving the
instructions verbally. The added visuals could make the explanations more interesting and
easier to follow. An overarching comment on content and design was to ensure consistency
(e.g. in expressions and interactive elements), to make sure that the users could apply learned
patterns throughout the whole app. Feedback was provided in several iterations for different
levels of the app and thus parts of the script. Example sections of the annotated script from
different iterations and levels can be seen in Figure 2.2 and Figure 2.3, more examples can be
found in Appendix B: Excerpts from the feedback on the WWL app scripts.

Matthias

e T [ =y A S P T S If applicable for the rest of the scripts, we could have
pid v I 1
id you know:|There are 44 speech sounds in English! several “Did you know” knowledge bites. TipTqp"
face could become a lightbulb for those.
So what do you need to make speech_sounds.....2 A bit like;,
https://www.istockphoto.com/gb/vector/did-you-
Kknow-text-with-hand-d light-bulb t-of-
tongue, lips, teeth and of course air ...... sometimes lots of air! wise-council-or-funny-fact-gm1141391108-
305765514
Some sounds are quiet and some sounds are LOUD ...... H Matthias
(I envisage a clip here of fingers to Tips neck demonstrating no vibration with /p/ and They have not been called “groups” before. (we
then an exaggerated vibration with /Z/) - adapted the script above accordingly though)
___________________________________________________________________________________________ ’ Matthias
Do you remember the 2 hroupi of letters? We would suggest to give an explanation, where the

consonant chart comes from.

Yes ....... Consonants & Vowels Matthias
- We are not sure about the reason for this question at

Mhen I learned English we had a Consonant Chart. | brought one. Look! this stage of the program.
TipTop pulls out charts... H Matthias
Let’s look at the Consonant Chart..

Not sure if attention span of students will be long
enough. Maybe skip it here and put it where the
explanation is?

Matthias
“Y because it is a vowel. I'll explain later why Q and X
are not there.”

player’s inventory)

Matthias
. N Like a shorter version (2 or 3 seconds) of:
Tips Top Tips: https://fr org/people/azumarill/sounds/3450
54/
etter names can be confusing when t i"..,,..,,.9',',,3,,,“",9,’,"1':,,",‘9,,!',‘,‘?5’,',,,‘,’99’,',,5,9,‘,‘,’!?‘, 777777 H Matthias
i i . 't say the alphabet letter name We think a reasoning might help the learner to
e.g. P T K, Llet's say the alphabet letter sounds instead: /p/, /t/, /k/ Iunderstand.:vhe: and w:;/ should they not say the
. . . - - tt t t ?
Where is the air coming from2,,, For most letters mainly the mouth. Let’s call them . ettername but the soun
ORAL sounds. but-But how about /m/, /n/, /ng,/? .... Yes it’s your nose. Let’s call them h H Matthias
NASAL sounds! | have a tiny nose, can you pronounce them for me? Depending on the teaching style we could use
D ber that t d iet d positive suggestions rather than negative instructions.
0 you remember thatRemember some consonant sounds are quiet and some are What do you think?
loud?4

Sounds on the left of the chart are quiet (show left column of consonant chart) so no
vibrations & the sounds on the right (show right column of consonant chart) are loud and

Figure 2.2: Example of the feedback and change suggestions on the first iteration of the WWL app script.
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*beep boop* downloading instructions...

Ok I'm going to put a word on the screen and | want you to try to say it. Take your time
and remember you can look at the rule in your library if you need help. When you're | H hias Heintz

ready fap on me|to hear the right way to say the word... Inconsistently, in previous games the player had
to tap on the rocket button to hear the right way

to say the word.

[Reading exercise continues]

Tip Top:
Nice! You've earned more stars! Now you know how to read Compound Words we can
move on to the next location on this planet! Or you can take a break.

[User is given the option to take a break here]

[Rule 2 - Prefixes and Suffixes]

Tip Top: | H Matthias Heintz

*Beep boop* receiving fransmission... Ok, let’s learn about Prefixes and Suffixes. The | Inconsistency: *Transmission noise” is missing
word Pre means ‘before’ so a prefix is a syllable that sticks itself onto the start of a

word. A prefix will often change the word to its opposite meaning.

For example, happy becomes unhappy.

[These appear on screen]

Figure 2.3: Example of feedback and change suggestions on a later iteration and level of the WWL app script.

2.3  Pilot 2: Interaction Design of CleverBooks (CLB)

Two major evaluation tasks on the digital artefacts designed for Pilot 2 have been conducted,
namely Heuristic Evaluation of the app (Section 2.3.1) and Feedback on the screen and
interaction design alternatives (Section 2.3.2). The process and sample outcomes are
reported in the following.

2.3.1 Heuristic Evaluation of the app

The team of WP4 HCl specialists conducted Heuristic Evaluation of the CleverBooks Geometry
app in the early phase of the project (February 2020). Assuming the role of students working
with the app, the team tested the usability and user experience by interacting with each
element and functionality of the app as a user would. Similar to the Heuristic Evaluation
conducted for WWL (Section 2.2.1), usability problems were identified, recommended
modifications provided, and their severity rated (first individually and then discussed in the
team until consensus was reached). An example for the feedback given can be seen in Figure
2.4, more details are presented in Appendix C: Excerpts from the Heuristic Evaluation report
for the CLB app. Besides the usability problems, the team also made note of positive
observations again (e.g. “It is nice that the (verbal) feedback to the test answers changes and
is not always the same.”), which were likewise communicated in the HE report. The results of
the Heuristic Evaluation can help to improve the current version of the software, as well as
inform the development of further functionality for Pilot 2.
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Detailed Findings — CleverBooks Geometry app

Based on our observations and discussions regarding the usability of the CleyerBogks Geometry app, we
recommend the following modifications:

Usability Problem Recommended Modification Severity
1 The “Restore purchase” button reacts to Remove button or add H
touching, but does not have any functionality.
functionality.

(& GAME )

2 On the iPhone there is no “SHOP" button on | Also remove the shop button L
the home screen. from the Android screen, as for
the user it has not the same
priority as the other buttons (but
the same design).

The shop should be presented in

~ “more information h
) = (=) a m”o € information about the
\ /) \ J \ AN | app” area.

3 There is no help or instructions on how to Add a “Help” section and the H
use the app and how to get the necessary relevant information to the app.
markers.

4 The volume button overlays the vuforia logo, | Move the button or the logo so M
which makes it hard to spot. that they do not overlap.

Figure 2.4: Example page from the CLB geometry app HE report.

2.3.2 Feedback on screen and interaction design alternatives

To further support the CLB development process, WP4 has provided HCI guidelines in regards
to interface and interaction design for the mobile app. Once several alternative design ideas
had been created we also reviewed, evaluated, and provided feedback on the interface design
options from an HCI and user perspective. Specifically, graphical feedback in regards to
redesign suggestions was provided. This kind of feedback consisting of drawings supported
by textual comments was provided using the Participatory Design online tool PDot Capturer
(Heintz & Law, 2018). An example for this kind of feedback can be seen in Figure 2.5.
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Figure 2.5: PDotCapturer feedback on a CleverBooks app screen design.

For the following screenshots that are
different variants of the first one, we only
comment on the changes compared to first
screen design.

The blue background colour in the first
screen design is better, as it has a calming
effect on the user. This yellow colour is very
bright and bold, making it more exhausting
to look at the screen and can evoke
negative emotions towards the app in the
users.

The transparency effect in this screen
design, makes it hard to read the interface
labels. We would therefore recommend to
abstain from this glossy design and stick to
a solid background colour.

Was the logo moved down intentionally. It
looks out of place there and distracts more
from the interface elements. We would
therefore suggest to keep the logo on top of
the screen, as in previous screen designs.

The background in this design distracts a
great deal from the interactive screen
elements, which should be the focus of
attention in this screen. However, the
placement of the background image is a bit
better in this screen design compared to the
previous one, as there are less overlaps
between interaction elements and elements
in the background picture (e.g. the TV here
is above the “join class™ button where it was
intersecting with the button in the screen
design above). Having the interface
elements non-transparent also makes them
" | easier to read and recognise them as
buttons.

Figure 2.6: Example page from the textual feedback on CLB app designs.

As a number of different interface design alternatives were created by CLB, for example with
different colour schemes or interface element arrangements, in addition to feedback in
regards to the layout of interface elements, textual feedback regarding the advantages and
disadvantages of different alternatives or explaining redesign suggestions was provided. An
example page from the report to CleverBooks with this type of feedback can be seen in Figure
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2.6, more details are presented in Appendix D: Excerpt of feedback on app design and
alternatives by CLB.

2.4 Pilot 3: Interaction Design of PBIS Prototypes

Pilot 3 will be launched towards the end of Year 2 of the project. Nonetheless, following the
basic principles of the Human-centred Design approaches (Section 2.1), it is of paramount
importance for the HCI specialists in WP4 to provide input from the user perspective in the
early phase of development, which, at the time of writing this deliverable, has primarily
focused on the main character and interaction design for the bespoke AR-based PBIS app.

2.4.1 Character Design

Character design refers to the creation of the alien character, who will be guiding the learners
by presenting expected and unexpected behaviour in the animations to be developed. When
it was designed, feedback from the HCl perspective was provided. Additionally, WP4
presented a strong stance on the involvement of end-users, particularly students, in the
decision making process. This was introduced in the form of questionnaires, asking children
for their preferences in regards to different design choices (see Figure 2.7), which were
developed and analysed by the partners responsible for the character design.

Alien 1 Alien 2 Alien 3

' 4 LY
ﬁ'p
)

-

')
{1

Figure 2.7: Character design choices (Picture taken from the online questionnaire for children).
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According to the results of the poll submitted to children, as the target group for selecting the
character, the majority vote went for Alien character 1: the skinny alien with the inverted
ARETE logo head. The alien has been characterized following some additional suggestions
collected from children:
1. The feet with the two toes should be replaced with the boots as worn by alien 3.
2. The face was viewed as to pointy on the sides and participants asked if the face on the
sides could be rounded off a little bit more to make it look more natural.
3. The antennas on the head were liked, but suggestions were made to put them a little
higher (away from the nose, to differentiate between nose and antennas).
4. Some children found the character too skinny, but as the pudgier character was liked
least, so the skinny character has been considered.

2.4.2 Interaction Design

For the user interface design of the PBIS app, feedback from the user perspective was
provided mostly based on usability heuristics (e.g., “Recognition rather than Recall”
“Consistency and standards”, Nielsen 1994) as well as general User Experience (UX) guidelines
(e.g., minimising user mental load through minimalistic design; enhancing user engagement
with attractive Ul design and meaningful as well as timely feedback). This was due to the issue
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of not having access to end-users, especially students, because of the COVID19 pandemic and
its impact on schools. When providing feedback the role of students was assumed, and
experience from previous projects with students was taken into consideration.

WP4 partners have actively been involved in the user interface and interaction design
process. They have an account for the Balsamiq Cloud instance that is used to create low-
fidelity prototypes of the app. This way the interface was actively shaped by providing
suggestions for individual screens or sequences. In addition to these screen and interaction
design suggestions, verbal feedback and participation in the discussions in regards to
interface options, choices, and design alternatives was provided. One important alteration
from the HCI perspective was to break up overloaded and therefore complex screens into a
series of screens. This reduces the visual complexity, increasing usability and UX. It also
supports the user in interacting with the software, because the different screens guide the
user through the process, whereas when all functionality is on one screen, the user has to
figure out what to do in which order by themselves.

(© > Arete-PBIS > AR-PBIS Application Project Edit View Help

B+

Students Presentation

Notes

Hello, earthlings! I'm ARPRO! I'm from
ARGON. I just arrived on planet Earth
and am eager to learn all of Earth’s
good customs and positive
behaviours as the star player of the
ARETE PBIS Augmented Reality app.
I am looking forward to get started
and be helpful for guiding, prompting,
teach, practicing and reinforcing

expected behaviours.
Let's start!

Alternate Versions +

Click +'to create an alternate version of this
wireframe

Figure 2. 8:VWeIcome screen (designed in Balsamiq) before WP4 intervention: One big paraéraph of text.

The first screen that was simplified in that matter was the “welcome screen”. In the initial
proposal, the alien would say a long text, introducing themselves, providing background
information, and a description of their role in the app and program (see Figure 2.8). This was
realised in the mock-ups as a speech bubble with a lot of text. To ease the consumption of
this information for the students, our first suggestion was to replace reading this long
paragraph of text with listening to the alien saying it. However, it is not feasible to have audio
in the envisioned use scenario. On the large scale, this is due to internationalisation of the
app for the Pilot and for distribution all over Europe. Having audio recordings in many
different languages is not possible. While this issue could be overcome, there are also
pedagogical considerations that prohibit audio output: As the students will use the app in
groups they cannot use headphones. Using the speaker of the mobile device will then lead to
a cacophony of sound in the classroom, if several different groups work with the app in the
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same room and at the same time. Therefore, a text-only solution was sought after. However,
reading that much text on the screen can be tiring and exhausting, and might cause the
students to skip this screen, missing out on important information. The proposed solution
was to break down the long monologue of the alien into several shorter dialogues between
alien and students. This way the learners will be more engaged, as they have to select answer
options, and the information the alien provides will be easier to read and process, as it will be
broken down into smaller portions. An example screen of the proposed solution can be seen
in Figure 2.9, more details of the suggestion are presented in Appendix E: Alien introduction
as dialogues instead of monologue.

(© > Arete-PBIS > AR-PBIS Application Project Edit View Hel - A A D @ |/

Q aukasa DOoE | ®

ols || Text %, More Controls.

Students Presentation copy

Notes

Hello, earthings!
V9 Hello Alien. Oh, who are you?

~— Wow, cool, we have
Y Nice to meet you! never met an alien
before.
d B >

Skip Intro
Alternate Versions +

Click +*to create an alternate version of this
wireframe

Figure 2.9; Welcome screen design in Balsamiq after WP4 intervention: The monologue in form of a big
paragraph of text is broken up into a dialogue between alien and students.

Another screen that was quite overloaded in the initial design was the one to record and play
back the videos of students performing the expected behaviours themselves (see Figure
2.10), which happens after the students have seen the alien performing the expected and
unexpected behaviour. The proposed solution here is, to break the screen down into the
different steps the students have to perform in the sequence they are presented to them, to
create their videos. An example step can be seen in Figure 2.11, the entire sequence in
Appendix F: Recording sequence. It can be seen that most of the option selection is presented
in the form of a dialogue with the alien, to be consistent with the interaction design of the
app and to create an active and engaging experience for the students.
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This screen should be broken up
into several steps, at it is quite
overloaded. The following screens
until "separator" are a suggestion
on how that could look like.

Registration 1
Registration 2

Registration 3
Registration 4

Figure 2.10: Initial design of the recording screen before WP4 intervention: High complexity.

So you are ready to <walk calmly> in the <corridor> yourself? _
Who wants to go first? 1f we don't know the nicknames
based on the group login, there
needs to be a way for the students.

to enter their nicknames.
However, we should avoid them
having to type if possible:

R @

atoamass W <tnane 42 SELTLTLTL L
EEEEEEEED
:

EEIEEHE
EER e Jem)

5

B\

Figure 2.11: First screen and step of recording sequence after WP4 intervention: Selection of group member
to be recorded.

Another example where the interaction with the app is made more engaging for the students
and where the consistent interaction paradigm of “talking” to the alien is applied is the
suggestion to replace standard software dialogs (see Figure 2.12) with dialogue options in a
conversation with the alien (see Figure 2.13).

Do you want to see the
walk calmly behaviour in
the corridor?

Figure 2.12: Dialog before WP4 intervention: Traditional pop-up.
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Dou you want to watch me practicing
or do you want to practice yourself?

V Can we see you do it?
c’ ) [ shows animation ]

b

Sure, we are ready to start <walking calmly> in the <corridor>.
/A | \ [ skips animation )

Figure 2.13: Dialog after WP4 intervention: Conversation with the alien.

To ease and streamline the selection process for the behaviour to be learned, we suggested
to replace the proposed menus (see Figure 2.14) with scanning of a QR code (see Figure 2.15).
The content of the QR code would then automatically tell the app, which behaviour in which
setting to display. This avoids possible disturbance of the lesson by students (accidentally or
to explore the other options) choosing the wrong menu entries.

What do you want to do?

. Choose a setting
Walk calmly
- H

Figure 2.14: Behaviour selection before WP4 intervention: Different menus.
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Look around and frame the card [ QR code ] to choose the behavior

Figure 2.15: Behaviour selection after WP4 intervention: One screen to scan QR code.
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3 Systematic Literature Review on AR Educational Tools (ARETs)

In this section, we first present an overview of the SLR carried out by the HCI team. Then we
elaborate on each of the three main stages of the SLR. Next we report the major findings and
then discuss the implications thus drawn.

3.1 Overview

The AR technology started to gain root in education about twenty years ago. Since then more
than ten systematic literature reviews (SLRs) (e.g., Santos et al., 2013; Ibafiez et al., 2018;
Garzon et al., 2019) on AR educational tools (ARETs) have already been published, albeit with
varied quality, scope and scale. Put briefly, an SLR aims to identify relevant research studies
on a specific topic, analyze and synthesize constructs of interest systematically, thereby
producing a broad as well as deep understanding of that topic and drawing implications for
future research and practice (Siddaway et al. 2019).

The existing SLRs on ARETs address primarily their educational impacts rather than their
usability and user experience (UX), which are critical qualities for determining the acceptance
and adoption of AR as teaching and learning tools. To gain deeper insights into the interaction
quality of AR tools used by schools in order to inform the future research on AR in general
and the work on ARETE in particular, the HCl team conducted an SLR on ARETs designed for
learners from kindergartens up to secondary schools. Our SLR followed the well-recognized
Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) guidelines
(Moher et al., 2009) and involved searches in four databases and existing SLRs. The process
of identification and screening/filtering has resulted in a batch of 48 included papers, which
have then been subjected to the process of synthesis to draw key insights and implications.

3.2  Stage 1: Identification

The SLR was scoped to studies of which target groups were pre-school up to secondary school
learners. This scoping was based on the consideration that the design and evaluation issues
related to ARETs were particularly relevant to school-aged children. The search string includes
the terms “Design” and “Evaluation”, broader than “usability” and “user experience”, which
are necessarily used in title, abstract and keywords to which searches are confined. The four
databases used are large-scale bibliometric ones that are commonly used for SLR.

Search string:
"Augmented Reality" AND ("Education" OR "Learning") AND "School" AND ("Design" OR
"Evaluation")
Databases:
= Scopus
=  Web of Science (WoS) Core Collection
= ACM Digital Library Full-text Collection
= |EEE Xplore
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The last set of searches was conducted on 1 July 2020, aiming to cover papers published in
the first half of year 2020 while leaving sufficient time for analysis. The initial searches
resulted in altogether 714 records. Each record was assigned an identifier.

3.3  Stage 2: Screening and Filtering

The course of screening and filtering results in four progressively refined scopes. As depicted
in Figure 3.1, the two outer circles contain the papers fitting the scope of design and
evaluation to different extents, whereas the two inner circles narrow the scope of papers to
usability and UX, with the innermost one meeting the strictest eligibility criteria for synthesis.

Design &
Evaluation

Basic Screening
Title bstract

Usability &
UX
Systematic
Review

with QA

Figure 3.1. Four refined scopes of papers resulting from the progress of screening. and filtering.

As depicted in Figure 3.2, Scopus returned the highest number of records, followed by WoS.
The total number of records having duplicate(s) in one or more than one of the other
databases is 144. Only one instance of a duplicate record is placed in the source labelled
“Overlap”, but such a record can have two or more identifiers. After consolidating the
duplicates, 536 unique records remain. Interestingly, ACM returned only 18 records and 11
are duplicates of Scopus and 6 of WoS.

3.3.1 Basic screening

The relevance of each of the 536 unique records was screened. Specifically, the title and
abstract of each record was inspected to check for relevance by applying some of the
inclusion/exclusion criteria (Table 3.1). This first screening filtered out 213 records for reasons
such as the target groups were university students.
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Table 3.1: Inclusion/Exclusion criteria for screening papers

ARETE

Inclusion Criteria

Exclusion Criteria

in1) The design and/or evaluation of the AR
application is aimed to serve an
educational goal(s);

in2) Target group is from pre-school up to
secondary schools (pre-university);

in3) Access to full-text;

in4) Essential information about the AR
application and methodological
approaches is provided;

in5) Peer reviewed

ex1)

ex2)
ex3)

ex4)
ex5)

Target group is from post-secondary
institutions;

Theoretical or review-focused;

The term ‘augmented reality’ mentioned
while actually virtual reality is used;
Written in non-English;

Insufficient information is provided about
the AR application or methodological
approaches

3.3.2 Advanced screening

The 323 papers retained after the basic screening were further screened in full text with the
use of the inclusion/exclusion criteria (Table 3.1). As a result, 98 papers were eliminated with
the major reasons being inaccessible full text (in3), literature review only (ex1), VR instead of
AR (ex3), and non-English (ex4). This left 225 papers for subsequent analysis. The distribution
of the papers filtered in and out over the four databases and overlap is shown in Figure 3.2
(Yes vs. No). A data extraction scheme (Table 3.2) was developed to pull out relevant

information from individual papers.

Table 3.2: The data extraction scheme

High-level Attribute  Low-level Attribute

Paper information identifier, author, title, publication year, source
Basic domain, research goals/questions, theoretical framework
Context activity, setting, hardware, software
. .. target group, special condition of participants, participant
Methodological Participant g€t group, sp . P P P P
age range, sample size
approaches —
Data method, data collection instrument and data type, data
analysis instrument and data type
challenges, perceived quality by learner, perceived quality by educator,
Results . .
effectiveness for learner, effectiveness for educator
Miscellaneous Comments
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Scopus WoS ACM IEEE

Basic screening: 323 papers (Yes)

u B m Advanced screening: 225 papers (Yes)

Figure 3.2. The results of basic and advanced screening stage.

3.3.3 Usability and UX without Quality Assessment — Scoping Review

Based on the attributes ‘research goals/questions’ and ‘method’ (Table 3.2) extracted from
each of the 225 papers, we identified the papers that addressed usability and UX in their
design and evaluation of ARETs and found that 43% (n = 97) did so. The majority (n = 128,
57%) of the research goals are pedagogical in nature: design, develop and/or evaluate ARETs
for enhancing specific knowledge and ability. In accordance with the defining characteristics
of scoping review that does not entail quality assessment (Arksey & O’Malley, 2005), the
batch of 97 usability and UX papers fits this category (i.e. the third inner circle of Figure 3.1).

3.3.4 Usability and UX with Quality Assessment — SLR

To allow a synthesis to base on papers of a higher standard, the process of quality assessment
is recommended. We employed two measures - Google Citation Index (GCI) and h-index
provided by Scimago? Journal Rankings (SJR) - to support us to make informed decisions on
including papers in the final batch for synthesis. This last filtering step led to the final batch
of 47 papers. The overall workflow and results of each screening/filtering step are depicted
with a PRISMA template (Figure 3.3).

4 https://www.scimagojr.com/index.php
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Figure 3.3. The PRISMA flowchart.

3.3.5 Extra papers from existing SLRs

Three of the existing ten SLRs on ARETs studied the usability/UX aspect as a part of the review.
From the list of papers included in (Akgayir & Akgayir, 2017; Dey et al., 2018; Santos et al.
2014), we identified papers that were duplicates of our batch and also unique ones of which
7 meet our criteria. They were not captured by our searches because the search word
“school” was not used in their title, abstract or keyword, although their target groups were
school-age learners. With these extra papers, we have 48 (= 41 + 7) eligible for the SLR.

3.4  Stage 3: Qualitative Synthesis
In addition to the data extraction process (Table 3.2), the final batch of 48 papers were further
analyzed with the following coding scheme (Table 3.3), which consists of two major
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dimensions — Methods and Data, Results and Follow-up — and attributes. The information
coded was synthesized to identify patterns and insights (Section 3.5).

Table 3.3: The coding scheme for usability and UX articles included in the SLR

Usability/UX: Methods and Data
= Usability/UX Frameworks
= Scope

= Design Goals

®  Evaluation purpose

= Research protocol:

= Informant

= Data type
" Data collection instrument

= Data analysis techniques
Usability/UX: Results and Follow Up
= Qverall results

= Detailed descriptions
= Relation with Learning Effect

®  Mediating variables
= Responses

3.5 Results on General Patterns

3.5.1 Patterns of Basic Attributes
Papers by year: In searching the four databases (Section 3.1), the earliest publication year of

the records returned is 2000. Figure 3.4 illustrates the changes over time in the last twenty
years. While the increase was gradual in the first decade (2000-2009), it was more rapid in

the second decade (2010-2019) with a visible jump from 2017 to 2018.

60
50 —e— After Advanced Screening (total = 225) \
[ ‘
[ \
Usability_UX without quality assessment(total = 104) I
[
Usability_UX with quality assessment (total = 48)
30 / \
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. / \
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Figure 3.4: The number of papers per year in the three filtering phases.

Papers by sources: The papers were published in three types of sources: journals,
conferences and books. We categorized them by seven disciplines, which inevitably overlap
to some extent (Table 3.4). Out of the 48 papers, 31 are sourced from journals. Given our
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focus on usability and UX of ARETs, it is not surprising that Education Tech is the most frequent
category, followed by HCI. In contrast, surprisingly the number of papers from sources
addressing explicitly MR/VR is limited; it can be attributed to their focus on technical
development.

Table 3.4: Distribution of the papers by sources

Education Engineering & Entertainment Science &

Design Tech Comp. Sci. & Games Tech Hl Tech VL
Journal 1 22 1 1 5 1 0 31
SLR (with QA) | Conference 0 4 3 2 5 2 1 17
Subtotal 1 26 4 3 10 3 1 48

Papers by application domain: The range of application domain of ARETs as described in the
papers is broad (Table 3.5). We categorized them at the subject level and then clustered them
to three major domains of which STEM, subsuming seven subjects, is the largest with 58% (28
out of 48 papers). The subject “Integrated Science” is referred to general science education
for primary school level when the division of biology, chemistry and physics is not yet in place.
Maths, mostly geometry, proved a popular subject, given the power of AR for 3D visualization.
Language learning is another popular subject where AR is typically used to visualize learning
scenarios, enhancing the motivation. The subject “Common Knowledge” is referred to the
integrated study at the primary/lower secondary level, exploring basic scientific, social and
civic topics. The subject “Cognitive and social skills” covers topics like creativity,
computational thinking, memory management, emotional intelligence and symbolic play.

Table 3.5: Distribution of papers by application domain

STEM ’ Humanities ’ General Knowledge & Skills

R Environ- Cultural — Cognitive e

Biology Chemistry Physics .g ICT mental Maths |Lanaguage Studies & & Social P.E. i
Science ) X knowledge . Design

Science History Skills
SLR (with
5 3 5 6 1 2 6 6 3 6 2 2 1
QA)

3.5.2 Patterns of Contextual Attributes

Pattern in Hardware: Different types of hardware were deployed in the ARETs as described
in the papers reviewed (Table 3.6). By ‘Mobile devices’, we refer to phones and tablets. For
the category of ‘Custom made’, it refers to the technical setup where the researchers
integrated different hardware components, such as displays, cameras, projectors, headsets
and scanners, in specific ways to address their research questions. Salient examples of the
categories ‘HMD’ (head-mounted display), ‘Tracker’, and ‘Large screen’ are Hololens, Kinect
and smart TV, respectively. An intriguing observation is that the number of marker-based AR
applications has been consistently higher than their marker-less counterparts (Figure 3.5).
One plausible reason is the reliance on GPS to support outdoor marker-less AR experience,
but it is hard to ensure the stability and precision (high resolution) of GPS. Another marker-
less setup is mid-air gesture-based interaction such as Kinect, but the need of equipment
might hamper its adoption. In contrast, markers are easy and economical to produce, for
example, with the support of a tool such as Vuforia, and everyday objects can be used as
markers (e.g. P179), thereby fostering natural interaction and immersive experience.
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Pattern in Software: We identified six categories (Table 3.7), however, almost half of the
papers did not provide any information on the software used to create their applications.
Many of the studies deployed multiple software tools; among them, Vuforia and Unity are
common and often used together. Examples of ‘3D modelling software’ are Blender, Google
SketchUp, and 3DS MAX. The category ‘Frameworks/Toolkits/Libraries’ includes tools for low-
level programming support, such as Android SDK, ARCore SDK, Open Inventor toolkit,
OpenGL, NyArToolkit, etc. Examples of ‘Existing AR software (customized)’ mentioned are
Studierstube, ARIS editor and app, Aurasma, etc. For ‘Asset editing software’, examples are
Windows Movie Maker, Adobe Photoshop, Audacity, etc. Overall, there seems no discernible
trend in the software tools deployed.

Table 3.6: Distribution of hardware used in the papers included in the SLR.

Mobile Computer Large  Custom Not
. Webcam HMD  Tracker .
Device /Laptop screen made specified
SLR with QA 27 14 14 8 4 3 2 1

Table 3.7. Distribution of software tools used in the papers included in the SLR.

3D Modelling  Frameworks/Toolkits Existing AR Software  Asset editing Not

Vuforia Unit
utort Y Software /Libraries (customized) software specified

SLR with QA 8 7 4 14 8 1 21
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Figure 3.5: The number of ARETs with(out) markers per year.

Pattern in Participant Age and Sample Size: We applied the International Standard
Classification for Education (ISCED) 2011 scheme, which defines different levels without
specifying associated age ranges. With reference to different educational systems, we
identified the respective ranges of the ISCED levels, as shown in Table 3.8, which clearly
indicates that the majority of ARETs reviewed were for Level 1 (Primary Education).
Furthermore, the sample size of the empirical work tended to be moderate with 16 studies in
the SLR having 30 to 49 participants. There were a handful of studies involving more than 70
participants.
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Table 3.8: Distribution of age groups included in the SLR and Scoping Review

ISCED: Level 0 Level 1 Level 2 Level 3
Education: Early Childhood Primary Lower Secondary Upper Secondary Mixed Unspecified
Age range: 4-5 6-12 13-16 17-19
SLR with QA 0 28 10 4 6 0

Pattern in Participant Condition: The existing SLRs reported that very few research studies of
ARETSs focused on target groups with special needs. We corroborate this observation with the
batch of papers we reviewed. Among the 48 papers for the SLR, only one targeted students
with physical disabilities to learn science (P019) and one on autism (P256). In other words,
only 4% of these ARET research studies addressed students with special needs. This is the
issue worthy to investigate which factors contribute to the low rate of application.

Pattern in Settings: We categorized the settings where the ARETs were deployed into four
major groups: in classroom (n = 33), outdoors (n = 13), museum (n = 5), and at home (n = 1).
A handful of studies involved more than one setting (e.g. in classroom & museum, [P019]; in
classroom, museum, and at home, [P128]). Most of the studies took place in the classroom
where the control of the learning activities and infrastructure (e.g. mobile devices, the
internet connectivity) tended to be more manageable than outside the classroom. The studies
taken place outdoors, including playgrounds within a school premise and field trips, faced
different challenges such as low GPS accuracy [P018], poor visibility [P167], and bad detection
of nature objects used as markers [P179].

Pattern in Types: While there are different ways to typify the ARETs reviewed, we focused on
two dimensions that we deem more relevant: Game-based vs. Non-Game-based and
Individual vs. Collaborative. Results are shown in Table 3.9. Many of the studies reviewed
were of collaborative and non-game-based type (n = 16). These observations could be related
to some factors: social learning theories embraced by the related projects, limited availability
of the devices where the ARET was run to all students at one time, and higher costs for
developing game-based contents. Note, however, none of the 48 studies included both
individual and collaborative modes, making it difficult to draw solid conclusions on the
relative strengths (or drawbacks) of either of the learning modes.

Table 3.9: Distribution of types defined by game-basedness and collaboration

Individual Collaborative Unspecified | Total
Game-based 4 10 2 16
Non-game-based | 6 16 6 28
Both 2 1 1 4
Total 12 27 9

Patterns of Learning Outcomes: While our SLR focused on the usability and UX of the ARETs,
it is relevant to get an overview of the learning outcomes. As the target groups of these
research studies were students, we synthesized the learning effects of the related ARETs. In
13 studies students were reported to benefit from improved learning experience (e.g.
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enhanced interestingness of the topics), 13 studies from supporting understanding of the
related subject matters, and 14 from increased motivation.

Concerning the learning effect, 13 out of 48 papers reported that the experimental group
performed as good as or better than the control group on specific topics, including writing
[P182], animal classification [PO11], electromagnetism [P074] and pedestrian navigation
[P175] whereas eight papers reported that the ARETs helped improve specific knowledge or
skill, including collaborative skills [P330], recognizing emotions in avatar (Lorusso et al., 2016)
and symbolic play (Kotzageorgiou et al., 2018).

3.6  Results on Usability and UX
This section reports the synthesis results focusing on the usability and UX aspects of the ARETs
deployed in the 48 papers reviewed.

3.6.1 Scope, Goals and Methods

For 37 of the 48 studies, the usability/UX work was for evaluation only whereas the other 11
studies aimed to address both design and evaluation goals. The core concepts such as ease of
use, satisfaction, efficiency, fun, flow, and engagement were reported to underline the design
and evaluation of the ARETs. Nonetheless, some of the concepts such as satisfaction were not
explicitly defined or operationalized. Furthermore, 36 of the usability/UX evaluation studies
were summative, 7 were formative, and 5 were both.

The variety of usability/UX methods employed in the 48 studies was small with questionnaire
being the predominant one used in 34 studies, followed by interviews (n = 18), observation
(n =12), and focus group (n = 3). This pattern corroborates the findings of the previous SLRs
(e.g. Santos et al.,, 2013). Furthermore, three studies reported analysing interaction
behaviours by using video recordings of participants when they were implementing the task
scenarios with the ARET. Slightly more than half of the studies (n = 26) employed more than
one method (e.g. combining questionnaire, interview and observation) whereas fifteen,
three, and one studies relied only on questionnaire, observation or interview, respectively.
Only a few studies attempted non-typical methods: two studies [P231, P232] asked children
participants to draw their interaction experiences with the ARETs and be interviewed to
explain the drawings; in one study (P019) researchers deployed objective physiological
measures (heart rate, eye strain) and subjective questionnaires (i.e. Comfort Rating Scale) to
yield quantitative data for their formative as well as summative evaluation. 13 studies
collected only quantitative data whereas 14 studies collected only qualitative data and 21
studies mixed data.

The range of data collection instruments was small. Out of 48 studies, 23 used homegrown
guestionnaires, which were either created from scratch by the authors (e.g., [P128, P134]) or
taken from a combined set of existing questionnaires. Only eight of these homegrown
questionnaires were reliability tested with Cronbach’s alpha. Furthermore, 13 studies
employed standardized usability/UX questionnaires, such as SUS, NASA-TLX and User
Engagement Scale (UES), and only four reported Cronbach’s alpha. Other methods like
interview, observation and focus group were conducted in a loose manner without using
standardized questions or templates.
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3.6.2 Perceived Usability/UX and Usability Problems (UPs)

Participants, including learners and educators, in 31 out of the 48 studies, were reported to
have positive perceptions of the usability and UX of the ARETs concerned. Comments on high
usability, such as easy to use, easy to scale the AR model, easy to navigate, low cognitive load,
and high level of satisfaction, were documented (e.g. [P167, P001, Ex007]). Positive emotional
responses, such as fun, engaging, and playful, were often reported (e.g. [P107, P109]). On the
contrary, two studies had negative usability/UX results and 15 studies had mixed responses
within individual studies; the negative perceptions were related to different usability
problems (UPs), which are summarized in Table 3.10. Note, however, half of the 48 studies
did not report the findings of UPs, which could explain the poor usability and UX found. In
contrast, many of the remaining studies reported more than one UP. The most frequently
identified UPs were AR-specific, namely, the design and usage of markers. Other common AR-
specific UPs were related to the perception, manipulation, control, and positioning of 3D
virtual objects. Some of the issues such as slow rendering, which were reported in the papers
published in the early 2000s when the work on ARETSs started to take off, have been resolved
due to improved algorithms and more powerful computer processors. The UP of the video
sound quality could arguably be relevant, because the feature might contribute to the holistic
user experience with the ARET concerned.

Table 3.10: Category of usability problems identified in the papers included in the SLR.

Category of Usability Problems Count | Papers

Marker-related: usage, detection, control, occlusion, | 6 P074, P108, P223, P179, P230,

transfer across contexts, objects in nature P376

Perceptual quality of 3D virtual object: realism, visibility | 5 P134, P175, P167, P220,

(outdoor), aesthetic design Ex001

Precision: misplacement of virtual objects (avatar), GPS | 5 P131, PO18, PO09, PO0O1, POO7

Small screen size 5 P0O13, PO01, PO0O7, P220, P230

Software stability: crashes and rebooting 5 P072, P131, PO018, P175,
Ex001

Virtual object manipulation and control (gestural and | 5 P108, P109, P256, P335, P376

hand recognition)

Dual handling of physical device and virtual object 4 P0O74, P167, P220, Ex005

Understandability: AR mechanism, User interface | 4 P134, P109, P256, P128

element

HMD: weight, motion sickness 3 P0O01, PO07, PO19

Infrastructure setup: camera position and image | 2 P256, Ex005

projection on real-life objects

Slow rendering 2 P0O01, POO7

Sound quality of video 1 P220

In analyzing whether and how these UPs were addressed within the respective studies, only
in three studies [P109, P256, P376] did the authors report that the related UPs were handled
with success. Specifically, in [P109], the changes included installing Ul buttons on both sides
of a tablet to facilitate controlling the ARET; providing a tutorial on 3D depth, amplifying
perceptual cues (e.g., adding shadowing), and rendering visuals simpler. In case of [P256],
simplifying the AR game mechanics and adding meaningful images to indicate the start

30/70



e ARETE

* *
* 4 Kk

position of the game resulted in an improved understanding of interaction design. For [P376],
one marker and a menu supporting switches between solids to be visually augmented were
deployed to replace multiple markers, and a pinch-to-zoom feature was also added.

Furthermore, in eleven studies, the authors presented some planned improvement actions
as future work, albeit with different degrees of concreteness. Among them, four suggested
adding a tutorial could resolve some UPs; one was more specific: “a short tutorial for
introducing the device by a virtual friendly pet” [PO33] whereas one simply wrote “a short
tutorial”. Some proposed generic actions such as “robuster tracking” [Ex005] and “focus on
simplicity” (P128) whereas some had UP-focused actions. For instance, in [P134], the authors
proposed using a road map instead of a satellite map to address the issue of poor map tile
quality. In [P179], to address the problem of marker recognition, the authors suggested using
computer vision and machine learning to identify nature objects rather than transforming an
object in nature into a marker. Nevertheless, the remaining studies acknowledged the
presence of UPs without specifying any remedial actions.

3.6.3 Relations between Usability/UX and Learning Effect

By learning effect, we refer to the measure showing the change in specific knowledge, skill or
ability as a result of learning with the ARET concerned. Nineteen out of the 48 studies did not
attempt to take such a measure; the relative high percentage of such studies can be attributed
to our paper selection criteria (Section 3.1). A number of these studies focused on developing
the application right from the interaction design perspective. Nonetheless, 15 of the studies
did not relate the learning effect to the usability/UX findings, either quantitatively or
qualitatively. In other words, whether learners gained knowledge, skill or ability from an ARET
seems independent of their perceptions and responses from interacting with it. However, it
could be that the authors just did not discuss the relation explicitly. Nine and five studies
showed the positive and negative relations between the usability/UX findings and learning
effect, respectively. The mediating variables mentioned for the positive relations were
novelty of the tool, motivation, flow, presence, and instant feedback, whereas those for the
negative ones were task difficulty, lack of engagement, and difficulty in marker
manipulation. These issues will be followed up in D4.4 where findings of each Pilot are
reported.

3.7 SLRInsights and Implications for ARETE Use Scenarios

In this section, we present the main results of the SLR along three aspects. For each aspect,
we analyse the insights gained and their implications for ARETE use scenarios. For individual
implication, we discuss how it can be (or has already been) applied within the project and
beyond it.

3.7.1 Target groups, Subjects, Settings and Types

SLR Insights: The trends of target groups, learning subjects and settings suggest that there
are significant gaps to be bridged. First, it is necessary to provide parents with enough training
to support their children to deploy ARETs at home, given the proven benefits of such
educational technologies. This is particularly salient in the wake of the current pandemic
when home-schooling has become essential. Irrespective of the recurrence of such a crisis,
which hopefully will never happen again, children’s self-directed learning in formal as well as
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informal settings should be fostered with scaffolding to be provided by informed teachers,
parents and carers. Arguing along this line, the range of age groups and the scope of learning
subjects should also be expanded to ensure a broad coverage. Clearly, developing AR-based
content entails knowledge and skillsets different from those for traditional learning materials.
Usable and useful authoring tools that can facilitate teachers and parents to co-create
contents with children can be viable options to address the observed gaps. Second, the use
of ARETs for learners with special needs should further be explored. Although the number of
studies (only 2) was small, they all suggested the potential of ARET in this regard, especially

the game-based approach (cf. [P256]).

Implications for ARETE use scenarios:

Implications

Practices

Involve end-users, including students, teachers
and parents, in co-designing the ARETE
prototypes to ensure their acceptance and
adoption.

This has been our planned approach all along.
We have explored a range of options to gain
access to end-users, and addressed the access
issue with user proxy and analytic methods.

Offer the training on the use of AR educational
tools to parents, who can then be encouraged to
support their children to learn with such tools at
home with confidence.

Parents are not originally included as end-users.
It will incur extra effort to address this emerging
need. Nonetheless, the consortium can discuss
its possible realization within or beyond ARETE.
For instance, the ARETE toolkit being developed
can take this target group into consideration.
The training material to be created for teachers
could also be made available to parents.

Forge stronger collaboration between schools
and informal learning settings such as museums
to develop AR-based learning contents for
blended learning.

Museums are not originally included as a target
setting. But the UCD Science Festival in every
June with thousands of student participants can
have similar impact. Nonetheless, If resources
permit, a small scale exploratory study in
museums (science, history) using the ARETE
toolkit can be conducted to identify what
adaptations are required.

Widen the range of domain areas to which
ARETSs can be applied.

Pilot 1 and Pilot 2 address English literacy and
STEM — the basic areas whereas Pilot 3 targets a
new domain — PBIS, which can build reference
frameworks for other novel and critical domains.

Explore the opportunity of applying the AR
technology to support children with special
needs, especially using the multisensory
approach.

A satellite research project can be conducted to
address strengths and limitations of applying the
ARETE toolkit to children with special needs (e.g.
Down Syndrome).

Study the effect of integrating game-based
learning (GBL) techniques into ARETs to further
enhance their motivational potential and impact

In all three ARETE Pilots, GBL approaches have
been or can be applied to a varied extent. The
WWL app includes literacy games that can be
played to practice learning to read and spell. The
CLB app already includes a quiz which allows
students to playfully test their knowledge. A
game with multi-user interaction is planned to
be developed for ARETE. The PBIS app is still in
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its early planning and development stage, thus it
can be discussed how game-based learning
could be included.

Substantiate the effect of the collaborative
learning mode for ARETs with more empirical
evidence, especially here is a lack of comparison
study on individual vs. collaborative mode given
organizational and methodological challenges.

The WP3 development toolkit for collaborative
learning will enable more group-based use
scenarios, such as PBIS in WP5. WP4, together
with WP6, will explore the possibility of
conducting comparison scenarios and viable
means to collect and analyse data systematically
to provide empirical evidence.

3.7.2 Hardware and software

SLR Insights: Despite the advantages of mobile devices for ARETSs, the potential of HMDs can
be explored. Nonetheless, their affordability is a significant barrier. Clearly, high-quality
tablets and phones can probably lead to good usability and positive user experience, but they
are also more expensive. This can especially become an issue in school settings where several
devices, not just one, need to be acquired to allow individuals or small groups of students to
experience an ARET. This budgetary concern may be eased by some joint private-public
partnership. Furthermore, the design and development of markers entail further research
efforts to address the usability problems identified, especially the issue of lighting and dealing

with low-quality camera.

Implications for ARETE use scenarios:

Implication

Practice

Study systematically the usability and UX of
marker-based ARETs to identify
recommendations for resolving usability
problems with markers.

In the three ARETE Pilots, both marker-based
and markerless technology are used. Pilot 1 is
developing markerless AR, as they already have
experience with a marker based approach for
their app from a previous project (AHA). The
basic idea of markerless augmented reality, is to
superimpose graphics, audio and other sensory
enhancements on a real-world environment, in
real time, on a mobile device. This means less
restriction, compared to ‘marker’ based
approach, as schoolchildren can use their app
anytime, anyplace, without the need for physical
markers.

In addition it is anticipated that a number of
students in the Pilot 1 cohort will also present
with co-morbid diagnoses associated with
reading / spelling disorders and dyslexia.
Conditions such as ADHD, Developmental Co-
ordination Disorder (DCD) or visual processing
difficulties can adversely affect their ability to
access the AR using a physical marker-based
approach, so an easier, less cumbersome path is
preferred.
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Pilot 2 is going to use the well-established
markers developed and already deployed
successfully by CLB. For Pilot 3 the idea is to
apply a mixed solution that uses marker-based
and marker-less solutions. Pilot 3 is also
planning to expand the existing research in the
field of marker-less AR to include new and
innovative interaction with the AR objects in the
PBIS app. Formative and summative evaluation
activities will pay particular attention to issues
that can arise from the use or non-use of
markers.

Explore cost-effective use scenarios with the
marker-less AR technology (e.g. Hololens) to
compare with strengths and limitations of
marker-based AR.

Empirical studies, albeit small-scale, will be
coordinated by the HCl team to compare the
learning effect of the marker-based and
markerless AR educational apps and to examine

the issue of evaluating users’ real-time
emotional responses when interacting with the

apps.

3.7.3 Usability/UX and Learning Effect

SLR Insights: 1t is surprising to note the relatively low number of studies attempting to
measure the learning effect in empirical research on educational technology. It can be a
methodological artefact of the SLR process as we included papers focusing on usability/UX.
But it can also be attributed to the fact that the research on ARETs is emerging; many studies
were still at the exploratory phase. Nevertheless, we deem it recommendable to encourage
authors/researchers to assess systematically the learning effect, usability/UX qualities, and
their relations.

Furthermore, it would be beneficial to identify usability problems of the ARET prototypes and
learn from design issues to inform better design and development. The prevailing sole
reliance on the use of questionnaire may not serve this purpose. Hence, the ARET researchers
should be enabled to conduct comprehensive usability evaluations of prototypes to gain
insights.

Implications for ARETE use scenarios

Implication

Practice

Evaluate the ARETE prototypes from both the
pedagogical and usability/UX aspects to identify
their relations, gaining better insights into
factors influencing the impact of the
intervention.

With the close collaboration between the HCI
team and the pedagogical experts (Univ.
Wiirzburg), the evaluation approaches of the
ARETE Pilots will address this issue.

Employ multiple methods to evaluate the design
of the ARETE prototypes, including both lab-
based usability testing and field studies
(classroom-based) to collect quantitative and
qualitative feedback from teachers and
students.

While questionnaire remains an important
evaluation method to be used in the ARETE
Pilots, other established methods including
focus groups, individual interviews and
observations are also applied. Alternative
methods are being used in conjunction with
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established ones, including software-based
evaluation tools such as PDot (Section 2.3) and
psycho-physiological tools measuring emotional
responses to interaction with the AR
applications.

4 Conclusion

The first year of WP4, like some other ARETE WPs, has been severely affected by the
pandemic, because it has rendered access to end-users extremely difficult, if not impossible.
Nonetheless, the HClI team, in close collaboration with the partners, have mitigated the
adversity with some alternative approaches, including prototype evaluations with proxy users
and usability heuristics. While the feedback and improvement suggestions could have been
more rigorous if end-users had been involved, they were constructive in terms of enhancing
the quality of interaction design, as acknowledged by the beneficiary partners — WWL and
CLB. Examples include the increased understandability and attractiveness of Ul objects (like
the CLB app screens, for which improvement suggestions and design-decision support
between alternatives were provided) and dialogues (like the increased child-friendliness of
the script for TipTop, the robot in the WWL app).

WP4 conducted the empirical evaluations of the ARETE prototypes to support the realization
of the planned ARETE use scenarios, which can be substantiated by the insights gained from
the SLR. Furthermore, the SLR can also broaden the scope of use scenarios, which may be
realizable within the project’s lifetime. All in all, as the viability of WP4’s work hinges crucially
on the access to end-users, we hope that a wide use of vaccines will overcome the harsh
challenges we faced last year.
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Appendix A: Excerpts from the Heuristic Evaluation report for the WWL program
As the entire HE report (see section 2.2 for details) would be too long to add in this appendix,
we present some representative excerpts from it, covering different webpages and levels of

the program.

ARETE
Heuristic Evaluation
WordsWorthLearning Website
10 - 18 February 2020

Aim of session

To get an overview over the current functionality of the WordWorthLearning (WWL) website to be
transformed into an Augmented Reality application in the course of the ARETE project and to provide
feedback from an HCI perspective, the University of Leicester ARETE team performed a Heuristic Evaluation.

Method

Three HCI specialists from the University of Leicester ARETE team went through the process of exploring the
WWL website to provide feedback from an HQl perspective and to check for any usability problems or bugs.
Several tasks and sequences were tried out to ensure the correct performance of WWL under different
circumstances.

The main evaluation took place between 10/02/2020 and 18/02/2020 over 4 sessions (10/02: 10:30- 14:45;
11/02: 09:30 - 12:45; 12/02: 09:45 — 11:00; 13/02: 12:00 — 13:00, 18/02: 09:30— 11:00), during which the
reviewers tried to imagine themselves in the role of children (from the age of 6) and adults with spelling
difficulties (common with dyslexia), aware of a wide range of computer expertise among these population.
Some concepts closely related to usability and user experience (such as the aesthetic and affective factors)
were also taken into account for this evaluation.

Observations made during the Heuristic Evaluation were documented for this report. After the session, the
usability problems were circulated around the review team so that all could independently assign severity
ratings (H - high / M - medium / L - low) for fixing each problem:

* Low importance (L) rating is given for problems, which would be noticed by end-users, and might
affect their overall sense of the quality of the interface, but would not hinder them significantly in
achieving their objectives.

* Medium importance (M) rating is given for problems, which would be noticed by end-users and may
confuse, delay, or distract them briefly and temporarily.

* Highimportance (H) rating is given for problems, which would be an obstacle for end-users, either
preventing them from achieving their goals, or causing significant delay, disruption, confusion, or
annoyance.

Finally discrepancies in severity ratings were discussed and consensus wasachieved for each usability
problem.

Equipment

* One laptop running on Windows 10
* Screen resolution: 1366 x 768
* Browser: Google Chrome, Version 79.0.3945.130 (32-bit)

1
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Detailed Findings —- WWL login page

Based on our observations and discussions regarding the usability of the WWL login page
(https://www.wordsworthlearning.com/v2/auth/login), we recommend the following modifications:

Usability Problem Recommended Modification | Severity
The “Forgottenpassword™ buttonis in the Swap the position of “Login” and M
place where users would expect the “OK” or | “Forgotten password” button.
“Login” button, based on commen dialogue
designs.
. Suggested layout:
Password
Remember me . -
Forgotten password -
“Login” and “Forgotten password” button As the main task on this screen / L
have the same appearance. in this dialogue is to log in, the
emphasis should be on “Login”
button.
Suggested layout:
The button-design of “Forgotten password” “Forgot password” should be a L
makes it look like a way to submit theform. | link instead of a button.
As this is not the case, this design is S edl )
misleading. uggestediayout:

41/70



ARETE

Usability Problem Recommended Modification Severity
Help text leads to an additional step for the Help text should be a link to the M
user to reach their goal (they have to search | contact form instead of or in
for the contact button before being able to addition of instructions on how to
send a message). contact WWL.
I yeu need help, send us a message using the contact button.
The text is misleading, asit is a “contact Rephrase the text: “If you need L
entry in the menu” not a “button”. help, send us a message using the
contact entry in the main menu
I yeu need halp, send us a message using the contact button. above.”.
Having the help textin bold makes it lock like | Have the text being not bold L
the most important task on the page. instead.
Footer does not look nice, as it does not align | Redesign footer layout. E.g., so L
with the rest of the pageandis thatit is consistent with the
asymmetrical. footer in the learning areaof the
page:
Footer is not visually separated from the Clearly visually separate page L
content of the page. That makes it harder for | footer and content E.g.,
users to distinguish between content and consistent with the footer in the
footer information. learning area of the page:
Linked and non-linked text in the footer has | Design of linked and non-linked M

the same design. The user can thus not
visually distinguish betweenlinks and text.

text should be visually different.
E.g., consistent with the footer in
the learning area of the page:
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Usability Problem Recommended Modimication Severity

15 Changing your password should not be done | Createseparate dialogues for M
in the same dialogue as resetting a forgotten | resetting and changing
password, as these are two different passwords.
concepts.

Changing your password should
be provided as an option in your
profile or settings once you are
logged in.
Detailed Findings - WWL course landing page
Based on our observations and discussions regarding the usability of the WWL course landing page
(https://www.wordsworthlearning.com/v2/), we recommend the following modifications:
Usability Problem Recommended Modification | Severity

16 White font on bright coloured backgrounds Use a black outline around the M
make it hard to read the text. white text to improve readability.

17 The layout lacks uniformity in the level Make the level description boxes L
description boxes. all the same length.

18 The colons at the start of the level As the design already separates L
descriptions look out of place. level names and description, the

colons should be omitted.

19 Using words to indicate the Module status Instead of words the module L
adds a lot of reading for the user. status should be indicated by

icons (e.g.a greentick mark for
“finished”).

20 Missing visual separation between the Leave more space between the L
different modules makes it harder to identify | different module columns in each
information that belongs together (visual row.
grouping).
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Usability Problem Recommended Modification Severity
36 The background pattern of the progress bars | Eitherdo not use apatternfor L
is not uniform (you cansee whereit repeats | the background (plain colour) or
itself). atleast make sure it is tiledin a
way that the repetitionis not
- B e
37 Itis unclear, why the module bar is longer The relation between module and L
than the level bar and if the length of the level progress bar should be more
progress bar correlatesto length of time. apparent. For example:
[ — ] [ ] [ - )
O
38 The Vowel chart does not have a title, like Add a title to thevowel chart. ]
the Consonants chart.
L -
39 A lot of effort is required to scroll back tothe | Alink “back to the top of the M
top of the page after looking atall the charts. | page” would be useful.
40 After the video is finished, thereis only the There should be an option to M
option to continue to the next module. In replay the video and the icons to
case the user missed something, they are not | navigateto the chartsand to
able to repeat the video directly. open theinfo popup should also
not disappear.
| ] [~ ]
o rae
41 Users expect high resolution videos evenon | A video with a higher resolution L
the Internet. should be made available for
users with high bandwidth.
42 The title of Module 3 does not tellthe user Provide a meaningful title for L
what Module 3 is about. Module 3.
Sounds Good3 Video

10
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Usability Problem Recommended Modification Severity
59 The module progress bar during the Eitherindicate the different L
“Consonant Chart Exercise” gives some exercises in the module progress
indication of how far into the exercise the bar or indicate the last exercise,
user is. But because users have tomapthe e.g. “Exercise5 /17"
length of the progress bar to the percentage
of exercise completed accurate progression
cannot easily be ascertained.
O .
(S -0
60 The module progress bar inthe “Consonant | The progress bar should move L
Chart Exercise” does not behave as two steps for eachexercise. One
expected. Itmoves only forward after when the sound is played back
finishing an exercise, thus not indicating the | and one when the next button is
progress in doing an exercise. pressed.
PR p—
s E S |
61 For the “Vowel Chart Exercise” the solution The “00” in the solution should M

to the “00” exercise is presented
inconsistently to the visualisation on the
chart.

Vowel Chart Exercise

_

oo in book

00 (book)

be underlined so that the unique
identifier for this sound is correct:
“00 in book”.

16
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There is a “Next Module” button at the end
of the last module, which leadstoa
warning/error message.

Complen Suffes SURE Exervne

Mo Mok e

L —
=>

VAN = e e e e

—rr———

Usability Problem Recommended Modification Severity
The input box in the spelling exercises is Make sure the input box is long L
sometimes too small for the solution to fit, enough for the intended input.
displeasure
C ¥ @
Remove the “Next Module” H

button when there is no next
module.
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Usability Problem Recommended Modification Severity
106 | When playing back asound in the chartsthis | Playing back a sound in the chart H
seems tobe added to the history of your should not alter the browsing

browser, leading to the back and forward history.
button in the browser not working as
expected.

Positive observations:

* The colourful course landing / overview page is very visually appealing, especially for younger
children. Matching the WWL logo increases brand recognition.

* |tis nice thatthe module progress bar is in sync with the video progress bar and can also recognize
and is updated accordingly if you go back or jump aheadin the video.

* |tis very good that the charts are interactive, making good use of being digital content, so thatthe
user can hear the sounds in place.

* |tis good that the user cannot move on to the next exercise before checking the current one. The
system prevents it and gives a good message, explaining what is expected from the user to solve it.

* |tis a nice touch that the colour of the avatar in the exercises changes with the level the user is in.

Summary

Some problems are highlighted on specific examples based on where they were encountered by the
reviewers, however, they should be generalised (e.g. “heading of a specific section should clearly express
the content” => “all headings in WWL should clearly express the content of the page”). Most of the 106
problems identified are relatedto outdated videos and inconsistency in layout and about half of the
usability problems are only of low severity.

e 48 low-severity problems were encountered while using WWL. These do not represent a bg
impediment for the user to accomplish tasks, but would be beneficial to address to avoid confusion
or dissatisfaction.

* 44 medium-severity problems could be obstructing the correct interactions with WWL. These issues
should be fixed relatively soon as they represent a problem for the user.

* 14 high-severity problems should be immediately addressed to guarantee the proper performance
of WWL.
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Appendix B: Excerpts from the feedback on the WWL app scripts
As the entire WWL app scripts feedback (see section 2.2 for details) would be too long to add
in this appendix, we present some representative excerpts from it, covering different aspects

and levels of the app.

Not sure if you have thought abouthow to introduce TipTop to the learner, here aratwo
originideas we came up with:

“Hithere | amTipTop therobot. L’( spaceship broke and now only understands English
The onlyway ican ggt backhome isby gr‘iemng mx English. Will you help me |mgrove

xes was:ta Es’anlllant

well then, shall we start from the beginning, the alphabet?”

“Hey, 1am TipTop, a robot from the planet Robotnia. | always wanted to see earth. So |
learned English in school to be able to talk to you Earthlings. And now | am here!

il [M1): Studert can sy their seme and [ o

{This would allow us to establish TipTopnot onlyas a “teacher” butalso asa fellowlearner

at the same time([This mi tmake it easnerforthe kids (orelate to the character. ornhe P

egnds on (he teachmgsglexouwamto have inyourapp)

Get to know your Consonants & Vowels

(Tip gives a tutorial with visuals)
Tip'stop Tutorials... (Text will mainly be voice over ..) Anything in blue is the script

= FACTS:

Doard with 26 lettersl \
= Theletters can be grouped into Consonants and Vowels (letters on board moveto
form two grou \
. .,

20are Consonants_[consonants re \
highlighted on the board

»__There are *robotic calculatingsounds® 6-are Vowels [vowels are highlighted on the
board) -AEIOUand Y.....Yes count Y as a vowel ~

_memmm:nmmmnu
M sounds] are what you hear when letters are used in words \
= Speechsounds are different to letter sounds
- Speechsounds can be made up of 1 letter e.g. /b/ or a group of letters e.g. /sh/ or \‘\
[eigh/in8 \

\
\

AND / OR we couldphrase it more involving:

=__Letsee who can get the FACTS right?
= __How many letters are there in the alphabet? | know | know! Let’s sy it together:
i 1

Ihere are 26 lattersin the alphabet!
=__And do you know how many consonants and vowels there are? There are _..20
Consonants

*whohooo What's your namef¥{’ ’4.—[1-

= There are Emboti( calculating sounds*) 26 letters in the alphabet! [visual shows 1

irsert itinto o ted box o creste a profile).

Commented [M2): This woud allow sdditiosd
interactions with TigTos, eg TipTop culd mk for
resaurance, e.f ) forget, i it Ay or /Y in the word bl ?*

Commented [M3): Samething ke

{sorands/ XO0Y

fiag ondy about 1 second ﬂ!

Commented [MAR3]: We thisk cne wary Loget the script
mere playid without affectiong the cre contet s e we of
sourd.

Commented [M5): Mrasog D--p back 10 the rde we
wartt Tiplop 1o day: Imtructing tescher o wisdom sharing
friend?

Commented [M6): bugsived by phradng bedow, we wodd
sapeit the “we” rate throglout. "W cud be “the
robets on fobotsia” bt also indudes the learser into the
dede “we = you and me”.

Commented [M7): We are it sure if loarsers are sware

of these terms? Thas it might be good to defire [/ exglain
them Sest?
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C [MB): nwaodd be heiphd for the cser 1o have

And 5 vowels _.!{error noise is produc: _TipTe there are 6 Vowels—AE|
OUandY....Yesicall'y avowel toof] -
= __This makes two groups of letters: Consonants and Vowels
=__Ilearned that writing is not sme as speech and

=__Speechsounds are different to letter sounds whichare used in wnng

pid you know] There are 44 speech sounds in English! -

& lrief eglenation for the reeson why the letter “y" cunts
o 4 vowel (vowel sound), before meving on

C d [(M3): o for the rest of the scripts,

= So what do you need to make speech sounds...2
= tongue, lips, teeth and of course air _..... sometimes lots of air!
= Some sounds are quietand some sounds are LOUD .....

{1 envisage acliphere of fingers to Tips neckd ingno vibration with /p/ and
then anexaggerated vibration with /2/)

Do you remember the 2 groupq of letters? | —

we cald heve several “Did you know” krowledge bites
Tipleg's face coudd become & lghtbudb for thae

C d [M10]: They have nct been called “grous”

Yes _.....Consonants & Vowels

1learmned ish we had a Consonant Chart. | one. Look!
TipTop pulls out charts._.
Let’slook at the ¢ Chart_] -

befre. (we sdapted the soript sbove sccordiogly thagh]

[which 3 letters are missing?)

C d [M11]: We woud sugaest 1o gve an
eglnation, where the crmonest chart comes from.

yes...q x & [~ explain why lateq..)

Commented [M12]: We are it sure sbaut the remon for

s question st this stage of the program.

inting sound* | made a copy for you. You can keep it! {Consonant Chart is added to the
player’s inventory)

Tips Top Tips:

\

. tl:emanescanbeconﬁni when tryil | a word. don’t sound
say the alphabet letter name

Commented [M13]: Net ure ifttertion spes of tudents
will be lorg encagh. Maybe ship it here and put it where the
eglanation 47

Commented [M14]: Y becsse itise vowd. I'll eglain
later why O and X are nct there”

a—-unnnun.m wersion (2 o .h-ntl

of- My eesound

eg. P T Kglet'ssay the alphabet letter sounds m:ead v/, /t/ I
= Where is the air coming from?... For most letters mainly the mouth, Let’s call them
ORAL sounds. but-But | howabout /m/ In/, lng/’ .Yesit’s yournose Let’s call them

are quuet and some are

. Domvemernberthaﬁ bak some ¢
loud?:

Sounds on the left of the chart are quiet ([show left column of consonant chart) so no

vibrations & the sounds on the right (show right column of consonant chart) are loud and

C [M16]: We think & ressoning might belp the

loarner 1o understand. When and why shaud they ret say
the letter name bt the sound®

Commented [M17]: Deperdiog o0 the teading style we
coudd we positive sapetion rether than regetive
What do you think?
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really vibrate. | envisage usingthe same demoas above for /p/ & /d/ but more
exaggerated)
{will there be charts oris this allinthe ‘bank / library’ — need to discuss this with Kest)

| - Sowhat do we use to Make the consonant “SOUNDS™2_Let’s checkit out!

= Havea game here- Student mustclickonwhichicon(s) displayed onthe screenare

involved inmaking each sound-aimis to build up oral awareness. They will heara
sound then they have to clickall relevant corresponding icons

Tongue icon

Teethicon

Lips icon

Air from mouth icons [puff, hiss, gently flow, forced push)

Air from nose icon

Loud/ vibratingsound

Quiet/ no vibrating sound

Keeping the animations —playthe video and then student mustclick whatareinuse ? Don't
need to use the web online videos explainingmovement in detail for the app.
= Starting at the top of the chart_.27277? (yet to determine how these sounds will be

presented)
- ee the video, hear the sound then clickon the relevant icons to demonstrate

what is beingused.. —c d [M18]: Muyte we couid have & Bult in
(no dialogue needed here, these sounds will be played and the student points to tatorial here, by TipTop armwering the Sest quetion, by

. selocting some laws, and then asking the player, ifthet was
relevanticons) comect: “Did | get that right?” followed by the pramgt tothe
=P plaver totry it themselves: “Tharks! Now you heve & gol*?

Quiet / no vibrating sound g P d [M19]: Wil the azp anslyse ifthe correct
- b jers have been didked? Then TipTop codd sy “Correct?”,

Lips icon “Well dore!” and the like, or “Istead fom the nose, sir

.p . comes fram the mouth whes making this sound” asd
Air from mouth icon “Termember, you a0 e your ligs for this sound!”

Loud / vibratingsound

Tongue icon

Teethicon

Air from mouth icon
Quiet / no vibrating sound

Tongue icon
Teethicon

Air from mouth icon
Loud/ vibrating sound

50/70



ARETE

Air from mouth icon
Loud / vibrating sound

Lips icon
Air from nose icon
Loud / vibrating sound

Tongue icon
Teethicon

Air from nose icon
Loud / vibrating sound

Tongue icon
Air from nose icon
Loud / vibrating sound

Need to bring in a game here to teach the consonant sounds with a reference to the charts
/ sound bank.

E.g. a sound is called out and they pick it out from an array of letters? To make it more
difficult or for bonus points if they can identify what articulators are being used (tongue,
teeth, lips) and if its voiced or voiceless they get more points.

Tips tutorial again ...

- [Now let’shave a look at the VOWEL CHART) _,-4[: d [M20]: See comment on Conscrare hart
= When I was a kid | was taught that there are only 5 vowels in English and these slave.
are......
AEIOU
+ [t’sjust not true§ e [ d [M21]: We fourd that this scunds rather
= There are 19 vowel sounds in English and you got to know them! tursh. 15 Vowsl sound” the seme & “owe?
We would sagpest something e “On Robotria we were
. taught that theve are cly S voweis in English. And that they
Tips tutorials_.. are A £ 10 and U That's true. B thse S vowel letters
resdt in 19 Bferent vowel sourds in English] That's
fcan you work out what shape your lips are when you sy /ee/? e
/oo, far/ & fow/} e d (M22]: The rom cne secticn te
Tickwhich one is relevant SPREAD, ROUND, RESTING & MOVING. (Maybe these should be the cther shodd fallow & pattern and be smocther, carestly
dclosedboxes’] itfeels creoenected and & St jumgy. (Also depends on the
B wame design, ifthere isa charge of loastion in between,
then haviey & brewk in the sript makes more serse.)

= 1"let’sfind all the vowels in Green:
= Inthe SPREAD Group there is ee and ae
= Inthe ROUND Group there isoe

| = Inthe MOVING Group there is ue and ie
= What do theyall have in Common?
= They all have an ‘e’ at the end
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= Do you know what it’s called?:

- Silent ‘e’ / Magic ‘e’/ Don"t Know........ We call it a silent ‘e’ smply because itis
silent —you NEVER hear it or say it.

= But it has a really important job to do — it tells you to say the ALPHABET name of
the 1" vowel e.g. A E, 1,0, U

= These are the only 5 times that you say the name of an alphabet letter!

Ok_now let’s 20 back up to the SPREAD Group (add in a start button and an arrow to
show the direction the chart should be read - like a clockface — this is redundant if a bank
/ library idea is being used)

At-For the sounds at the beginning your lips are very spread, aad-They become less and
less spread as you move around the circle or along the bank / library shelf 22222 perhaps
have boxes which open to show the sound options?

EG.
ee in bee
i in ink
e in elephant
ae in snake
a in apple

Ok, now let’s go to-fer the ROUND Group — at-for the sounds at the beginning your lips
start off very round ... like a kisyand-then They become less rgungdse as you move around.

E.G.
oo in tooth
00 in book
oe in toe
or in orange
au/ow in sauce or saw
al /all in bald or ball (not a pure vowel but we snuck them in!)
o in box

OK. Now let’s move on to the RESTING Group...

EG.
er/ur/ir in hammer, bird and turf
u incup
ar incar

Finally the MOVING Group..... ..where your lips move from one shape to another to make

the sound.
EG
ue in statue
ie ineye
oi/oy in oil & boy
ou/ow in house & cow
TIPS TOP TIPS:

52/70



General comments:

s __The firstfew levels have been nicely improved, but we noticed a decline in
friendliness ulness, and interactions of Tip Top with the er from
Level 5 onw ards_Phrases of encouragement aimed at the user (other than
“you have eamed more stars”) seem to be missing from the later levels. We
w ould therefore suggest to adapt the Levels 5 —7 based on Levels 1 —4.

=__There also seem to be some inconsistencies in later levels with previous
ones_eg with the sequence of landing on a planet_scanning the planet_and
receiving transmissions about rules/data/facts/etc. folow ed by the
“transmission noises” sound or which button (Tip Top, Audio button,_ ) to
press to check the pronunciation in pronunciation games or in the introduction
of games (with "Let's play agame to ...").

® There seem to be some Tip Top recordings needed, that are not yet reflected
in the script, which are currently only mentioned in the notes in square
brackets.

Introduction/Begin Level 1

[User opens the app for the first time]
Tip Top:
H!

| didn't expect to see anyone else out here in space! I'm Tip Top. and I'm from WoWo
World! | can tell by looking at you that you must be from Planet Earth, is that right? Wow
you've travelled a very long way. Have you come to visit the Leaming Solar System
too?

The Leaming Solar System is a biiig system of planets w here people come to learn all
about English reading and spelling. The rulers of WoWo World have sent me here to
gather as much information as | can. 'm not supposed to come home until Tve visted
every planet in the Leaming Solar System, but it's so large, and ve neverbeen on a
mission like this before...

[Tip top looks worried, then brightens up)

Hey | have an idea! Let's explore the Learning Solar System togetherd That would be so
great! Once we enter the Leaming Solar System we'll need to visit every planet to leam
something new about English reading and spelling. On each planet we'll be able to get

your Galactic Passport stamped, and once it's full we can get our tickets home. So let's
get going on this adventure together!

ARETE
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planet. BUT, if you like, you can alw ays travel back to planets and areas we have visited
before, to remind yourself what they were about and play the games again!

[Visuals on screen to illustrate this]

Got it? Ok, Iet’svisiuhefwstbcaiodmmeplanettapherebgetstaned d [MH2): To mxe It excler for the e to
“ollow e egiandtion ad crege 3 menty moos o the

world we would zupgest to e one term consistensy
rout (le. “wrey’ instesd of I

[The first zone on the planet pulses and the user taps it]
[The screen changes)

Tip Top:
"Beep boop® Hang on, Im getting a transmission about this area..."transmission
noises” I'm receiving some important facts — did you know that:
There are "robotic calculating sounds” 26 letters in the alphabet?
The letters can be grouped into Consonants
[The word consonant is displayed on the left side of the screen]
and Vowels
[The word vow & is displayed on the right side of the screen]
There are "robotic calculating sounds” 20 Consonants
[Consonant side populates)
And there are "robotic calculating sounds” 8 Vowels
AEIOUandY
Yep! We count Y as a vowel!
[Vow el section is populating w hile Tip Top announces each one]
Tip Top:
This is how consonants and vow els look w hen they're in the alphabet, but that doesn't
really help us whenwe're trying to speak! When we're talking — except for AE| Oand U
— wenever say the name of letters, just their sounds!
We call these speech sounds.
[Speech sounds” appears on screen)

sounds can be made up of 1 letter, for example
B
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Woah check it out! You've eamed a star for completing this part of the mission!
Remember if we collect enough stars we can exchange them for rew ards.

[Star going into the rewards button]
We can go to our next stop and play a game, or you can take a break now.
[User has the option to continue or save and quit.]
TipTop:
Now that we've leamed all the consonant speech sounds, let's play a game to help us
remember all the sounds better!

[First Interactive consonant exercise]

*beep boop” Ck I'm downloading the game rules... "modem sounds® Y ay, this will be
fun!

Here is how it goes: You will hear a sound. Then you will have to pick the correct
consonant from the options that appear. Let me do the first one!

[The audio “p" plays and 4 speech sound consonant options appear on screen. Tip Top
flies to the option P and presses it. The P option is highlighted and after a short pause
the “correct” indication (sound and visual) are played.]

This is the right consonant for this sound. Ok now it's your tum. Remember you can
look at your consonant chart at any time by tapping this button. And Im right here if you
need me, fusttap me if you want some

g

[Consonant chart bution highlights]
[The next sound is played and a new set of options appear]

Tip Top:
If you want to hear the sound again, just tap the audio button.

[Audio button highlights.]
[The game continues until the user has gotten every question right.]
[¥ the user gets a question wrong first time]
Tip Top:

Oops! Let's try again. | find that saying the sound out loud helps me think. And don't
forget you can look at the consonant chart at any time to help you!

Tip Tap?

mummnnmum]
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Well done! You've clearly worked hard at memorizing your flashcards! You've earned
more stars! fre you ready to move to the next location on Planet PLARSH7)

[User taps button and screen changes]

[Story]

Tip Top:

Welcome to the Planst ALARSH storytelling centre! The people of Planet ALARSH love
to tell each other stories, and reading stories is 3 great w ay to practise your reading
skills. So let's have a look at the story of the day!

[Some interaction to start the story. User reads the short story]
Tip Top:

That was great! The people on Flanet ALARSH are so inventive! You've eamed more
stars!

[Quiz]
Ok we're almost ready to leave Planet ALARSH but firstwe need to take this quick quiz
to get a stamp for our passport!
(Quiz is done here)
[When user passes the quiz there is some celebration animation and a visual of their
passport being stamped)]

Tip Top:
Great job! Now wecan depart Flanet FLARSH. Are you ready to visit our next planet or
do you want to take a break?

[User is again given the option to take a break at this poin{]
END OF LEVEL §

Level6

[Introduction]

Tip Top:
Time to explore a new planeq

-’l(o-.w, |z Are you excited” | reaily amt ]
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cow-boy
[This appears on scraen)
Tip Top:
Let's play a quick game to make sure we understand the com pound words rule when
speling!

*beep boop” dow nloading instructions...

I'm going to say a wordand | want you to try to spell t using the speech sounds
below. Take your time and remember you can look at the rule in your library if you need

help. If you ne=d to hear the word again just tap fhis] button. < d [MH20): Sroud be conztert: We woud
2uggest 10t TIp Top owr “Audo tuear or “Rocket
=

[Audio button pulses]

Ready? Let's go...
[Speliing exercise continues)

Tip Top:

Great job! You've eamed more stars! Now you know the Com pound Words we can
move on to the next location on this planet! Or you can take a break and go back to the
main menu.

[User is given the option to take a break here]

[Rule 2 - Prefixes and Suffixes)

Tip Top:

"Beep boop" dow nloading instructions... Ok remember Prefixes and Suffixes? Yep, a
| prefix is a syllable that is &sed-attached eato the start of the word and a suffixis a

syllable that then goes to the end of 3 word. Great! Well the good news is we're going to

skip this rule for now because we'llleamn allll about spelling Prefixes and Suffixes in the

| ZOIM Asteroid Field! We will travel there after leaving this planet. So let's move on to
the next rule!

[Rule 3 -Y at the end]

Tip Top:
"Beep boop" receiving ransmission... Ok, kt's learn about spelling words with Y at the
end. f you remember from earfier, whenwe have the letter 'y’ at the end of a longer
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[Quiz]
Ok we're aimost ready to leave Flanet BOOP, but first we need to take this quick quz to
get a stamp for our passport!

(Quiz is done here)

[When user passes the quiz there is some celebration animation and a visual of their
passport being stamped]

Tip Top:
You're making so much progress! Now we can depart Flanet BOOP. We now have
enough stamps to get our ticket to leave the Leaming Solar System, but before wedo

that we have one nore destination to visit_the ZOIM Asteroid Feld. Are you ready or
would you like to take a break?

[User is again given the option to take a break at this poin]
END OF LEVEL 6

Level 7
[introduction]

Tip Top:

Wow, we'vess almost finished our joumey through the Leaming Solar System! We've
learnad so much aready! We now have enough stamps to get our ticket to leave the
Leaming Solar System!

[Celebration noises and visual of the ticket on screen)

Tip Top:

Oh but | almost forgot... see that huge asterioid field? It's called the ZOM Asteroid
Field and it's the only way out of the solar system! We will have to leap from asteroid to
asteroid to make our departure, and on each one we'll learn all about prefixes and
suffixes!Let’'s go on the final part of our joumey!

[Some visual of the asteroid field on screen w hile Tip Top explains]
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[2 Syllable Suffixes]

Tip Top:

Ok let's get going! "Beep boop® Scanning the asteroid field.... this next stretch is a litde
more conplicated, we'llbe moving on to two syllable suffixes. You know by now that
every syllable must have a ‘working vowel' so we would expect to find two working
vowels in a two syllable suffor.

Some examples of two syllable suffixes with twoworking vowels are_..

-abl/le - in wash/ab/le
-ib/le - in hor/rib/le
-ous/ly -in faimous/ly

[These appear on screen]

Tip Top:

Of course we're talking about English here so, you guessed it, there are some
exceptions to this rule. There are two times when a two syllable ending only has one
vowel. Although you can hear a vow elin the final syllable, you do not writeit!

This happens w hen the suffix ends in 'm
for example...

-is/m -in bapitis/m
-as/m - in sar/cas/m
[These appear on screen]

In these cases the 'mT is a syllable on its own.

Tip Top:

Ancther example of two syllable suffixes is whenwe have two vowels together in the
suffix. We've dready come across these on planet BOOP where we leamed the viv
rule or the two vowel rule. For example

[-uid-'nﬂuﬁd
-ual - in gradiu/al
-uel - in cru/el
-eum -in muw'se/um
-eon - in ne/on|

d [MH21): Coud zome

_/[r
yidie

SuThes be added as well?

=
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Appendix C: Excerpts from the Heuristic Evaluation report for the CLB app
In the following we present some representative excerpts from the Heuristic Evaluation
report for the CLB app (see section 2.3 for details), covering different screens of the app.

ARETE
Heuristic Evaluation

CleverBooks Geometry app
18 February 2020

Aim of session

To getan overview over the current functionality of the CleverBooks Geometry app and to provide feedback
from an HCI perspective, the University of Leicester ARETE team performed a Heuristic Evaluation.

Method

Three HCl specialists from the University of Leicester ARETE team went through the process of exploring the
CleverBooks Geometry app to get an overview over the current functionality and to check for any usability
problems or bugs. Several tasks and sequences were tried out to ensure the correct performance of the
CleverBooks Geometry app under different circumstances.

The main evaluation took place on 18/02/2020 over one session of 1.5 hours (11:30 — 13:00), during which

the reviewers tried toimagine themselves in the student role. Some concepts closely related to usability and
user experience (such as the aesthetic and affective factors) were also taken into account for this evaluation.

Observations made during the Heuristic Evaluation were documented for this report. After the session, the
usability problems were circulated around the review team so that all could independently assign severity
ratings(H - high / M - medium / L - low) for addressing each problem:

* Low importance (L) rating is given for problems, which would be noticed by end-users, and might
affect their overall sense of the quality of the interface, but would not hinder them significantly in
achieving their objectives.

* Medium importance (M) rating is given for problems, which would be noticed by end-users and may
confuse, delay, or distract them briefly and temporarily.

* Highimportance (H) rating is given for problems, which would be an obstacle for end-users, either
preventing them from achieving their goals, or causing significant delay, disruption, confusion, or
annoyance.

Finally discrepancies in severity ratings were discussed and consensus wasachieved for each usability
problem.

Equipment

* One Huawei P20, running Android version 9 (Pie)

* One Samsung Galaxy S9, running Android version 9 (Pie)
* OneiPhone 7, running iOS 13.3.1

* OneiPad, running i0OS 10.3.4
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Usability Problem Recommended Modification Severity

When being too close to the marker Either make the cross section H
attempting tocreate a cross section poses work fine from any distance or
difficulties. 1t works fine from a certain show a warning message, when
distance away. the camerais too close to the

marker.
If the user moves the camera too far away Keep the cross section plane M
from the marker, the visual representation of | representation always the same
the cross section plane ends before it distance away from the camera
intersects with the 3D object. as the 3D object or make it

unlimited in size.
The speaker and arrow button are rather Have the arrow button the same L

small in comparisen to the lock button,
which makes itlook like the lock button is
more important.

size asthe lock.
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Usability Problem Recommended Modification Severity
13 “Cross Section” changes the title, To support the user in knowing M
“Hemisphere” and “Fraction” do not. what is currently visualised the
title should show the name of the
@ | Croes Section PrianicN 3D object followed by the name
i : of the option selected, e.g.
“Sphere — Hemisphere”.
a
|
14 While being in “cross section” mode, when Stay in “cross section mode” M
switching the displayed 3D object, the cross | when changing 3D objects.
section mode is also left. This means two
changes at the same time, when only one
was actively triggered by the end user.
15 Due to AR requirement of having the marker | It might be beneficial if the user H

visible, the user cannot lock on the bottom

of a 3D object and the object can also not be
rotated to do so.

could rotate the 3D objects to be

able to inspect them from all
angles.
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Usability Problem Recommended Modification Severity
21 The error message when not allowing Re-position the error message M
camera accesson iOS is hardto read. and make it bigger.

Positive observations:

* OniPhone the purchase option for the gameis behind a security measure, which is a very nice idea
and asks for knowledge about shapes to unlock the purchase.

4= ASK YOUR PARENTS

To purchase the game press and hold: i

* Itis nice that the (verbal) feedback to the test answers changesand is not always the same.

* Itis good that the voiceover is done by a child, not an adult or an automated voice.
8
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Appendix D: Excerpt of feedback on app design and alternatives by CLB
The following presents an excerpt of the feedback provided on CLB app designs and

alternatives (see section 2.3 for details).

The background image in this screen
design does not distract from the interface
elements, because there is no overlap.
However, the connection between
background image and app is not clear. The
colour scheme and especially contrast
between text and visuals is good, as it
makes the labels easy to read.

Having the dropdown arrow on the left hand
side is unexpected, due to it being
unconventional. To support the userin
understanding and interacting with the
interface, conventions should be followed.

We would also recommend to have the
icons on the left hand side of the text, as
this is the more common approach and thus
more familiar to the users.

The logo seems to be unaligned to any of
the other interface elements. We would
recommend to either align it or put it in the
top left hand corner to improve the visual
composition of the screen for the end-user.

There is a slight typo in “theacher”
(teacher).

The background of the house icon should
either blend in more with the background of
the screen or be more distinct, to make it a
clear rectangular button.

We would recommend to centre all the
labels and interface elements - other than
the home button - for a more pleasant
visual arrangement.

To comply with user interface conventions,
there should be a “Submit™ button visible
underneath the input fields.

Open question: Do teachers loginto a
class like students or to an admin interface
where they can manage their classes?
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This screen design is mostly fine, but the
input boxes do not look like input boxes. To
comply with user expectations, they should
follow the conventions.

The text is a little hard to read. which could
be improved by making it bold or slightly
bigger.

The colourful design just around the buttons
looks grabs the attention but at the same
time divides it from the interactive elements.
Having so many different colours can be
confusing and distracting. With the white
& sonass background the rainbow part looks cut out,
T o< creating the impression of an incoherent
T design, e.g. the logo looks detached from
the rest.

Itis unclear to us, if the background image
is supposed to be the live view from the
camera or a background image for the app.
If it is the latter, then the placement of the
marker looks odd.

The X- and “back arrow™-button seem to be
way too small to press and distinguish.
Because they are very close together, it
might be hard to press one but not the other
(accidentally).

The differences in system actions triggered
by “home button”, “exit class”, “back arrow”,
and “X"-button are unclear to us. Will users
know the difference?

The white text on rainbow background
makes it hard to read.

The icons on the right hand side are nice
and clear in the meaning they are supposed
to convey. However, they should not be
displayed, when the class has not started
yet. Instead of being a pop-up window, this
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screen for consistency.

We assume this is an alternative way to
joining a class, by scanning the respective
. QR code. As above, the functionality of the
oty i 31200291 app used in the class should only be
E'r' o N . available after joining it and thus not be

I‘*. displayed in the background. This screen

: should be modelled after the “Join class”

screens in the beginning of this document.

See and combine feedback from above
relevant for this screen.

Login should not be displayed as stars, only
the password.

Error message needs to be more
expressive than just stating “error” to follow
the HCI recommendations to “allow users to
recover from errors”, for example, a reason
needs to be specified in a language the
user can understand. Also different options
on how to progress should be offered, for
example a “try again” button (or “forgot
password”, depending on the underlying
error).

The X-button should not be rainbow
coloured, to be consistent with user
expectations and easily recognisable.

The only possible interaction for the user
here seems to be to close the “Login error”
message, everything else seems to be
deactivated by a pink overlay. The X-button
is way too small for that.
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See feedback on similar screens above.

This error message is slightly better, as it
gives some information in regards to the
error that occurred. However, it should still
be more precise and meaningful and offer
alternative interactions to different solutions,
... - other than just closing the error message.
Avoid having several pop-ups on top of
each other, as this clutters up the screen
significantly.

See feedback on similar screens above.

Language selector and its options look too
small for touch interaction. We would
recommend taking up the whole screen
with all the flags to choose from.

» ) - The name of the app should be bigger, as it
GAME is kind of lost in between the other
elements.

CONTINENTS SHOP

Why are there “Continents” in the
“Geometry” app.

Is this the teacher version of the app or
what does the “teacher hat” signify?

See feedback on similar screens above.
Not sure, what the “SCHOOQOL" refers to?

Compared to the interface above, icons OR
. _ text should be used consistently.
TEST GAME

JONTINENTS SHOP
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Appendix E: Alien introduction as dialogues instead of monologue

The alien monologue in form of a large paragraph of text (see Figure 16 and section 0O for
details) is broken down into smaller sections presented in the form of a dialogue between
alien and students, as can be seen in Figure 17 and Figure 18.

Hello, earthlings! I'm ARPRO! I'm from
ARGON. I just arrived on planet Earth
and am eager to learn all of Earth’s
good customs and positive
behaviours as the star player of the

ARETE PBIS Augmented Reality app.
I am looking forward to get started
and be helpful for guiding, prompting,
teach, practicing and reinforcing

expected behaviours.

Let's start!

Figure 16: Before.
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Hello, earthlings!

Hello Alien.

Nice to meet you!

Figure 17: After 01.

I'm ARPRO! I'm from ARGON

Hello ARPRO!

Nice to meet you!

Oh, who are you?

Wow, cool, we have
never met an alien
before.

Skip Intro

Welcome to Earth!

We are from
<Country based on
language>/planet

earth.

Skip Intro
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Figure 18: After 02.

Appendix F: Recording sequence
The following screenshots shows the suggestions on how to break down the complex
recording screen into a sequence of screens.

® Selection of student for rec X+

[ & balsamiq.cloud/sTonfts/pxw:

B University of L
© > AretePBIS > ARPBIS Application Project Edit View Help 2

B\ o+ ® Q ukass

) - | s | i | ons | Commn | conainers ] Forms ] tcons ] 05 | Layous | Markup ] wedia | symools | ex & ore Corros

. — . —
¥ O =] 1 s @ arete A

>

Wireframes Selection of student for recording

~ Tz A
Notes.
Click here to edit notes.

Students ART. So you are ready to <walk calmly> in the <corridor> yourself?

Who wants to go first? 1f we don't know the nicknames.
based on the group login, there:
needs to be a way for the students
to enter their nicknames.
However, we should avoid them
having to type if possible:

Students ARG,

R
e

Student Practi

200 I ) Aermate ersions .

Click '~ to create an alternate version of this
wireframe

Selection of st

© Getreadytorecord | ARP X +
< C | 70 & balsamig.cloud/slonft6/pxvxt4/r2991
I Universty of Leices,

© > Arete-PBIS > AR-PBIS Application Project Edit View Help

B+

X0 o | e | i | usons ]| common | colners ] Forms ] tcons ] 105 ] yous ] Merkup | weai | symbos | Tex 3 More oo

p . r - = =
4? ?{ l §‘ C | — ﬁ % = e (- E==
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Wireframes o= Get ready to record

Student Pract. ~
Notes.
Click here to edit notes.

Cool, you are up <selected Nicknames!

Your teammates are going to record you, while you <walk
calmly> in the <corridor>.

Selection of st

All ready?

Alternate Versions +

Click "= to create an alternate version of this
wireframe

Figure 20: Get ready to record.
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© Recording screen [ARPBE X+
| G20 @ balsamig.cloud/sTonft6/pxvaxtd)
B University of Leice
> Arete-PBIS > AR-PBIS Application Project Edit View Help

B+ . e S

) s | 5= | i | ons | Commen | coniners ] Forms ] tcons ] 05 | Layout | Markup ] wedia | symools | ex & More Corros

Sresdcrumbs Browser win suon sutton sar

Glowt  Charcear  Chart Column
>

Accordion slenhelo appear arrow

Wireframes Recording screen
Student Practi
Notes

The "stop" button on the bottom of the screen
5 a “record” button to Start with.

Selection of st

Alternate Versions +

Click '~ to create an alternate version of this
wireframe

Students ARG,

@ Confirm recording | AR-PE. X+

< C | [ & balsamig.cloud/sTonfts

B University of Leic

© > Arete-PBIS > AR-PBIS Application Project Edit View Help Z- A B D (s
Q gk ks [ml Y5

I o | e | i | umons ]| common | comlners | Forms ] tcons ] 105 ] teyous ] Merkup ] weai | symbos | Tex 3 More oo

— = = —
. ] § — — —
Wireframes 5= Confirm recording
| e | res
Recording scr. Nicely done <selected Nickname>! e e o o ot
Do you like the result?
P It's nice, but I think I can do better.
r— [ loops back to previous screen |
It's great and I am happy with it
Stugents ARG [ moves on ]
Alternate Versions +

Click "+ to create an alternate version of this
wireframe

Student Pract

Figure 22: Confirm recording.
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B University of Leice

(© > Arete-PBIS > AR-PBIS Application Project Edit View Help Z- A A B O [egshae
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Wireframes o Selection of student for recording copy

Getready tor.

Notes.

Selecting a nickname bubble [00ps back to "Get
readly to record” screen with the respective

- nickname being the "<selected Nickname>"
Who is next?

Recording scr.
R

Alternate Versions +

Click '~ to create an alternate version of this
wireframe

® Selectonof studenttopre. X+

[0 @ balsamig.cloud/sTonfts

B University of L
(© > Arete-PBIS > AR-PBIS Application Project Edit View Help

Q Quick Add
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Wireframes = Selection of student to provide feedback on

Notes.

Not sure what comes after this screen?

Recording scr
Well done everyone!

Let's see what the others think of your video.

R
e

Selection of st

Alternate Versions +

Click "+ to create an alternate version of this
wireframe

Student behav. v

Figure 24: Se)ect student to provide feedback for.
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@® Student behaviour rating = X+

< C 2 | [ @& balsamigcloud

B University of Lei

© > Arete-PBIS > AR-PBIS Application Project Edit View Help a
ES + @® Q Quick Add
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© Confirm recor To be discussed with teachers, i it should be
10-p0ins or 5-porntsca
sectonors:
Stcencbenav.
Alternate Versions -

Click "+ to create an alternate version of this.
wireframe

Student Practi

Figure 25: Student behaviour rating by group.
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