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ABSTRACT

STEM education has become more popular and important over
the years, yet its integration into current education is
underdeveloped. Educational tools could be the solution,
especially tangibles seem to be well suited due to its experiential
and embodied nature. Tangibles also offer other educational
benefits, such as increased performance and engagement.
However, investigations into the impact of such tools on the full
learning experience of students is still sparse. In this paper, we
explore the influence of experiential embodied tangibles on the
complete learning experience from a teachers perspective with
an experiential embodied tangible learning tool called MOTIONz.
We present the design and development of the tool and the
results of an exploratory study, where six educators completed a
MOTIONz worksheet and evaluated the tool based on suitability
and usability. Data shows insights into the evaluation of
educational tools like MOTIONz and its influence on the learning
experience. The results and implications offer a step towards
contextualizing the full learning experience of students in
integrated STEM education.
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1 Introduction

Science, Technology, Engineering and Math Education, better
known as STEM education, is becoming increasingly more
important in today’s and future society [49, 73]. This type of
education is able to equip our students with the necessary skills,
attitudes and knowledge to thrive in life [2, 28, 29, 40]. STEM
integration into current education has been a topic of interest in

the design and research community [8, 62, 69, 75]. Through
design especially we are able to explore and realize ways of
STEM integration into current educational situations, practises
and contexts. Especially tangibles could be beneficial to this
integration process as its educational benefits fit the
requirements of STEM very well [9, 65].

Tangibles are generally very well suited for education, as they
have the ability to support the learning of complex and abstract
concepts [3, 51]. Engagement can also be boosted through the
use of tangibles, enabling an increase in understanding and
information retention [43, 57, 58]. Another common use of
tangibles in education comes with their ability to physically
represent a concept or idea which allows for the exploration of
the real world in a hands-on and interactive form [42, 50]. In this
way tangibles are able to facilitate experiential learning.
Experiential learning is often defined as “a process through
which a learner constructs knowledge, skill and value from
direct experiences” focussing more on hands-on experiences and
connecting them to theory to create a deeper level of
understanding [31]. This type of learning is very valuable to the
integration of STEM into current education as the courses
comprised of STEM are often drawing on or relating to real
world phenomena to improve the learning experience [16, 71,
74]. Learning from real world phenomena is sometimes also
called embodied learning, where a concept or idea is represented
physically or digitally [41]. Embodied learning is connected to
learning with your body, defined frequently as “pedagogical
approaches that focus on the non-mental factors involved in
learning, and that signal the importance of the body and
feelings” [53]. Within the context of this study, the first
definition is being used which relates to the representation of a
concept or idea.

Studies on how to design tools that are able to offer experiential
and embodied learning in a tangible way and their effect on
education are still scarce. Some have looked into parts of the
equation, focussing on discovering the benefits that tangibles
offer students in current education [44] or designing new ways
of tangible education for courses that are underrepresented [54].
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Most studies focus on the impact of tangible tools on the
students by involving them directly in their studies [22, 72].
Rarely do studies focus on the teachers perspective on the
development of educational tools or even how educators view
the suitability and usability of such tools in relation to their
teaching practises [55].

To expand on previous research on the design of suitable and
usable tools for STEM education, this paper presents an
exploratory study with a mixed method evaluation approach to
gain insight into the teachers perspective of experiential
embodied tangibles using MOTIONz. This designs embodies a
real world concept and translates it to a hands-on interactive
tool which can be used in the first few grades of secondary
education physics to learn about movement. Through interaction
with the small scale vehicles, users can experience the concept of
movement in a classroom setting and complete small exercises,
in the form of worksheets, which allow them to explore and
practise the topic beyond the theory.

This exploratory study was conducted to answer the research
question; “How do experiential embodied tangibles influence the
learning experience of students in secondary STEM education
from a teachers perspective?'. In this study, 6 educators (5
teachers and 1 technical teaching assistant) explored the full
design and were tasked with completing one full worksheet. A
mixed method approach was taken where both data from
questionnaires and semi-structured interviews were gathered to
examine, from a teachers perspective, the influence that such
tools could have on the learning experience of students. The
study reports on the usability and user experience of the
teachers post-task and interaction with MOTIONz, including
how they assess this tool to be suitable and usable in secondary
STEM education physics as well as the expected influence on the
learning experience of their students. And lastly, implications
are presented for research into the integration of STEM
education through design as well as suggestions for best
practises are made for the future development of such tools.

2 Related Work

2.1 Tangibles for Learning

Tangibles have been playing an important role in the field of
education and are gaining momentum in the research
community [25, 43, 51, 70]. Tangibles for learning are often
defined as physical objects or manipulatives that can be used to
increase students’ understanding of abstract or complex concepts
[3]. The use of tangibles in educational settings offer a new
approach to more hands-on, embodied or experiential learning
amongst other things [51, 59, 61].

Research on tangibles often also refers back to Montessori
education and playful learning where hands-on learning, self-
directedness and collaboration are focal points [37, 52] which are
too practised in tangible learning. Tangibles are often a very
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good medium of translating complex ideas, thoughts or concepts
into something that is experienceable in a different way than just
reading or hearing about it [55, 66]. They open up the possibility
to extend teaching practises outside of the traditional approaches
which commonly include classroom-wide instruction or making
exercises from the book [78]. Studies like Ahmet et al. [80], have
explored the embodied exploration of physical concepts in
interactive settings, elaborating on the ability tangibles have to
facilitate experiments with real-world concepts or even fantasy
ones. Clifton [15] elaborates on this by mentioning that such
interactive, tangible experiences could positively impact a
student’s understanding of abstract or complex concepts
especially relevant in the context of STEM education that has a
strong association with embodied phenomena.

The effect that tangibles have on students educational
experiences has also been a topic of interest in the research
community [5, 48, 68]. Across various educational settings,
tangibles have been proven to promote more effective and
engaging learning experiences [60]. A study by Price et al. [57],
also shows that tangibles are able to create more immersive
learning activities which results in more active engagement and
an increased motivation in students. Tangibles are also well
suited for collaborative and social learning as students are more
likely to interact well with others which leads to better
performance and learning gain [4, 64]. Studies often report on
individually observed benefits of tangibles for learning [1, 77,
81], presenting insights that all contribute separately to the full
learning experience. This study positions its work as an instance
of looking at the bigger picture, considering the impact of
experiential embodied tangibles on the full learning experience
of students rather than, for instance, looking into only
motivation, engagement or performance.

2.2 STEM Education

STEM education consists of four subjects; Science, Technology,
Engineering and Math. Even though the name is comprised of
these distinctive subjects, the definition of STEM education as a
whole can differ [23, 32, 46]. STEM education has been and is a
heavily researched topic, where researchers are looking into how
to define it, what its benefits are, how to implement and practise
it amongst other things [13]. Previous research elaborates on the
impact of experiential learning, which is often typical to STEM,
and its influence on the students ability to solve educational
problems and gain technological skills [79]. Other benefits can be
classified into three categories: cognitive, procedural and
attitudinal benefits which categorizes the various ways STEM
can have an impact on education [45].

Within this study, the focus is put on the implementation of
STEM education in current educational practises. Several studies
also focus on this implementation through the creation and
testing of design(s) (probes) to a) deem its suitability to teach one
of more of the four disciplines [67], b) create guidelines on how
to design for the integration of STEM education [17] or c)
discover the additional benefits of such design(s) (probes) [14,
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19]. Next to that, studies also seem to be focused on mapping the
STEM education space; looking into the current status, its
teaching practises or even looking into the interest of students in
the topic [24, 33].

Typical STEM education integrates problem-based, design-based
or project-based learning [71]. Interventions often focus on
bringing real-world context to the classroom in order to teach
students skills in one or more disciplines. The type of skills
students acquire in STEM education are closely related to 215t
century skills, which are skills deemed needed for success in
today’s and future society [21, 30]. However, teachers often
experience great difficulty in implementing STEM into their
classroom due to several reasons. They often experience a very
big increase in workload, lack of financial means to acquire
material, lack of good material available or insufficient skills to
implement the material in their curriculum [42].

2.3 Usability and User Experience Testing

The International Organization for Standardization (ISO) defines
usability as “the extent to which a product can be used by
specified users to achieve specified goals with effectiveness,
efficiency, and satisfaction in a specified context of use” [27]. ISO
has created this formal definition that has become standard in
the research and design community. Usability is often seen as a
component of the overall user experience [20, 50]. The user
experience would include usability amongst other things like
emotions, attitudes and overall satisfaction of their entire
experience [76]. Combining these would result in a more
complete assessment of the interaction, enjoyment, effectiveness
and satisfaction of a product/system [63].

For designers and design researchers, usability and user
experience testing directly contributes to their success of a
project. This type of testing can be used to align with user
expectations as well as goals, mental models and other things
that influence the user experience [36]. According to Dumas and
Redish, [18] it can be done in both informal and formal ways as
well as at various times throughout the design or research
process. For instance, in the beginning it can be used in an
iterative manner by using similar products or testing prototypes
whilst in the end it can be used as an evaluative measure.
Barnum [7] also makes this distinction by categorizing it into
formative and summative testing where formative testing is
done throughout the process, when the product/system is still in
development and summative testing is done after a
product/system is finished. He also identifies certain
requirements for each form of testing in order to be seen as valid
testing instances, as input can still be very subjective.
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3 Method

An usability and user experience study was conducted to address
the research question: “How do experiential embodied tangibles
influence the learning experience of students in secondary STEM
education from a teachers perspective?’.

3.1 Participants

Six physics educators (five teachers and one technical teaching
assistant) were recruited to take part in this study from three
different secondary schools in the Netherlands. Participants from
various levels of experience were included, ranging between 1-25
years of experience within STEM education. To lower problems
based on familiarity and experience of teaching tools and
materials, only practicing teachers were included in the study.
Informed consent was obtained from all participants.

3.3 Procedure

The study consisted of six sessions with the educators, all done
one-on-one. Participants were first introduced to the session and
its purpose (including giving their informed consent) after which
MOTIONz was introduced. A standard introduction text was
used to ensure all participants received the same information
beforehand.

Then followed a task that the educators had to complete. They
were asked to finish the worksheet of the Red Racecar which
the prototype to take speed
measurements and do some calculations with them. Participants
were given an answer sheet and a calculator to complete the
task. After completion, the participants were given the
opportunity to further explore the other worksheets and
vehicles. This lasted between 5 to 10 minutes. At the end,
participants filled in the SUS and UEQ and participated in a
semi-structured interview.

included interaction with

3.4 Data Collection

The data that was collected from the study includes the post-task
questionnaires and semi-structured interview transcripts. The
post-task questionnaires consisted of a System Usability Scale
[11] and an User Experience Questionnaire [34].

A short semi-structured interview followed to collect more data
on usability and the user experience, as well as to gain insight
into the perceived learning experience of students with
MOTIONz. The interviews were conducted in the presence of
MOTIONz, so references to (part of) the design could be made
easily by pointing or touching.
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3.5 Data Analysis

3.5.7 Quantitative Data Analysis

The System Usability Scale [11] and the User Experience
Questionnaire [34] were used to quantify the educators
assessment of MOTIONz. Both questionnaires have pre-existing
data analysis tools and approaches created by the authors which
were used to analyze the data respectively. The analysis mostly
included mean calculations, which were then used to create
scores for usability and user experience.

3.5.2Qualitative Data Analysis

The semi-structured interviews were transcribed immediately
after each session. Inductive thematic analysis [11] was used to
assess the usability and user experience of MOTIONz as well as
the expected influence on the learning experience. During the
analysis, a coding scheme (figure 1) was created based on
preliminary reading of the transcripts and iteratively changed
throughout analyzing the qualitative data. Through
triangulation, the data from the coded transcripts, SUS and UEQ
was combined with the goal to create a complete picture of the
usability and user experience of experiential embodied tangibles

and its influence on the learning experience of students.
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4 Design

A short introduction to the development of MOTIONz is
presented, including key features of the process that influenced
the final design presented in this section.

The start of the development of MOTIONz is marked by the
technology exploration done on NFCSense [38]. A technology
designed by Rong-Hao Liang and Zengrong Guo presents a
simple yet effective solution to incorporating a digital
component into design. NFCSense is able to use NFC tags and a
scanner to measure several different metrics and display them on
an interface. Measuring time, speed and frequency is just one of
the many things this technology can do. To find an application
area of this technology, STEM education was considered and
evaluated. The physics topic of movement was deemed very
suitable to fit the potential of the technology and provide an
application area identified by previous research to pursue further
[47]. Several rounds of ideation followed to explore different
design directions. This also included a series of expert interviews
with teachers to establish current practises in physics education
and explore what materials and tools are currently used. Five
different teachers were consulted and their data used for the
further development of the tool. The data gathered here helped
compare research guidelines on the topic to real world scenarios,
establishing a baseline for the development of this tool. Several
prototypes were created and tested to figure out the best
configuration of the design.

CODING SCHEME

of the product on the
learning experience
of the students

label explanation | examples
look-and-feel eneral comments P2: Ziet er leuk uit, nodigt suitability and how suitable or P3: Ik zou het intuitief
g g
on the aesthetic of ook uit om ermee te spelen. usability in usable the teachers nmofmfnm-'ﬁe.:gmzm%sp
the design, both how ducati deem the product i L aERnKen
i h r P3: Nou wat mij opviel is dat eaucation for their e of ik zou ook denken als ik,
it looks and how it detaillering wat ik erg mooi rtyp nee ja op gebruiksgemak
feels vind, ik ben iemand die van educqtlon ond‘ is hij ook gewoon goed.
opmaak houd, teaching practises
expectations expectations placed | Pt Ik had meer verwacht embodiment comments made P5: Dat het een beetje de
on the design dat het meer specifically about praktik naar binnen haalt
experimenteel zou zijn, i
beforehqnd and dat bedoel ik mee dat mglfggzolglmzrgem n
comparisons mUd_e eigenlijk gebruik je het g
between expectation | preduct alleen maar als
and real experience input voor een getal
difficulties and difficulties and P4: is er een kans d;t is experl'entfof comments made P5: Dan kan je wat meer, in
concerns expressed magar jets niet goe ifi een soort projectje iets
concerns Do th P Werkt in diit systeerm of specifically about 2en soort project]
about the krijg je de laptop en kan the experiential
;ﬁz?élgt?gﬁpor je daar aan zitten? aspect of the design | pg: |euk dat je iets kan doen
zeg maar.
other part of the
design
suggestions suggestions made to | p6: Jo, javan of stel je gaat tangibility comments made P2: Dat je meteen vanaf
improve, enrich or onderzoeken wat de specifically about bewig‘ng fmehm:tte@n
i rolweerstand doet met een i een koppeling he
extenq the d,eSIQn or beweging met de snelheid .thel tgnalpletﬁsléecFS snelheid en dat ze dus een
experience, incl. the van dus stel je maakt de Included in the aesign | tqctiele koppeling hebben
added value it would auto twee keer zo zwaar tussen iets wat gebeurt en
bring meteen daar ook een
meetwaarde van zien.
fearm'ng any impact or P4: Het is eigenlilk gewoon
experfenr:e influence mentioned ook iets helemaal nieuws,

heb ik ook daarop gezet.
Dus Het is ook wel leuk voor
ze dat ze dan echt iets
helemaal iets anders
krijgen dan normaail, zeg
maar

Figure 1: Coding scheme thematic analysis
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Throughout this process, several designers were consulted to
assess its practicality, accessibility, aesthetic, user-friendliness
and more to create a design fit to help answer the research
question.

This process resulted in MOTIONz (figure 2), an experiential
embodied tangible educational tool designed for lower secondary
STEM education that facilitates experiential learning in the
classroom. Figure 2 shows (partly) an overview of the MOTIONz
setup, which consists of five parts: 1) track: the street-like speed
track capable to measure the speed of each vehicles, 2) screen:
displays the vehicle and its speed, 3) vehicles: four different
vehicles to be used on the track, 4) parking space: to rest the
vehicles when not in use and 5) worksheets: exercises per vehicle
to apply movement theories and concepts. Each part is

Figure 3: MOTIONz speed track

introduced and explained below.
introduced and explained below 49 Screen

A screen, or laptop display, is needed to display the data
collected by the NFC Scanner. A basic interface (figure 4) was
designed to display the vehicles name and its speed. Because the
average speed measured by the NFC Scanner is between 0-20
km/h, two different values of speed are displayed on the screen.
On the bottom, the real speed that is measured can be seen and
above that, the estimated speed. This distinction was made
because real vehicles do not have an average speed of 0-20 km/h
and modifying the speed without explanation would also seem
unrealistic. The real speed per vehicle is used to modify it after
which both values are displayed, the estimated speed (a
multiplication of the real speed) is similar to that of the vehicle
in the ‘real world’.

Figure 2: Overview of MOTIONZ, including the track, vehicles

and parking space "OT'ON

4.1 Track

The track consists of a street-like rectangular shaped box that is VOERTUIG
able to measure the speed of the vehicles moving on it. Inside the
track, an NFC scanner and Arduino Uno can be found that are
able to collect speed measurements and send it to the computer

to be displayed visually. The track was created to look like a real GESCHATTE SNELHEID
street to create a feeling of familiarity and representation of the
‘real World, GEMETEN SNELHEID

Figure 4: Digital Interface of MOTIONz, displayed on a computer
screen (including the name of the vehicle, the estimated speed
and the measured speed)
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4.3 Vehicles

Four different vehicles were created from LEGO [35] to
represent a variety of ‘real world’ vehicles. Figure 5 shows all
four; the Red Race Car, the Blue Truck, the Green Freight Truck
and the Yellow Postal Van. Each vehicle is tagged with two NFC-
tags (figure 6) that the NFCSense Library [39] used to identify
the vehicle and measure the speed whilst it is being moved on
the track. These NFC tags are also used to identify which
multiplication factor is used during the speed calculations.

Figure 6: Example of NFC tag placement on the vehicles

4.4 Parking Space

A parking space (figure 7) was designed to store the vehicles
whilst they are not in use. It merely serves as a storing facility
and has no other purpose. The intent behind it was to create a
more realistic representation of the ‘real world’ as we too leave
our vehicles in designated parking spaces and not randomly in
our environments.
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Figure 7: Vehicles in the parking spaces

4.5 Worksheets

Each vehicle is linked to their own worksheets (figure 7).
Worksheets are designed to link MOTIONz experiential learning
to the theory and concepts of the physics topic movement. These
sheets were created based on reference material sent from
several educators in the early stages of this study. This current
material was then translated into exercises per vehicle which
resulted in the creation of the worksheets. Each worksheet aims
to let people interact with MOTIONz and use the measurements
to solve exercises. Stories around each vehicles are created to
make it a better representation of the ‘real world’ where Devon
drives the Race Car on the Zandvoort Circuit and Malou drives
around in her Postal Van to deliver packages.
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Figure 8: MOTIONz worksheets



MOTIONz; bringing experiential embodied tangible learning to
secondary STEM education

5 Results

The results from triangulating the data can be divided into two
sub-categories; 1) the usability and user experience of MOTIONz
and 2) the perceived influence on the student’s learning
experience.

5.1 Usability and User Experience

The System Usability Scale (SUS) [11] results produced a score
between 0-100 per participant which correlates to the percentile
ranking. This score is then able to inform about the overall
usability rating of a product or service, often together with task
completion time and task accuracy [36]. Figure 8 shows the
overall SUS scores of each participant and the mean score of the
whole data set. Evaluative studies [6, 56] have shown that a
score of 68 is considered to be average and above 68 would then
be considered above average, with an 80.3 or higher ranking to
be in the 10% of top scores. If these scores are combined with the
task completion time and task accuracy (figure 9), it may be
suggested that educators assess MOTIONz to be very usable for
its intended use.

77,5
87,5
87,5
80
82,5
75

Figure 9: Overall SUS scores from participants

Average SUS score 81,7 |percentile
Average completion time 371,5|seconds
Average correctness 100%

Figure 10: SUS scores, task completion time and task correctness

The User Experience Questionnaire (UEQ) results provides even
more details about the assessed product due to it being a more
extensive list of items to be ranked [34]. This questionnaire was
used to elaborate further on the SUS and give more insight into
the experience of the educator from an emotional standpoint.
Results of the UEQ are categorized into six items which inform
about specific parts of the design which was assessed. Figure 10
shows the mean and variance of each category which can be
interpreted as follows. Each score is calculated to be a value
between -3 (very bad) and 3 (very good). Scores between -0.8 and
0.8 are considered to be neutral evaluations, scores above 0.8 are
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positive evaluations and scores below -0.8 are negative
evaluations. Five out of the six items (e.g. attractiveness,
perspicuity, efficiency, stimulation and novelty) are above 0.8,
suggesting there is a positive evaluation of MOTIONz on those
criteria. The fifth one, dependability, is 0.75 showing there is a
neutral evaluation of this criteria but as it is so close to 0.8 it
might be considered to be on the positive side rather than the
negative side of evaluation.

Attractiveness dh 1,611
Perspicuity @ 1,542
Efficiency dh 1,667
Dependability = 0,750
Stimulation dh 1,125
Novelty dh 1,333

Figure 11: UEQ Scales; means per category

Both questionnaires provide a quantifiable score on the usability
and user experience whilst the qualitative data from the semi-
structured interviews allowed for more detail.

Participants could easily see this tool being used in their current
teaching practises next to what they are already using. P1: “So /
can imagine that if we were to use it then we would first use the
time-ticker and after that this device” and P4: “ The theory comes
really close to what we already use, in terms of the worksheets,
and that is really nice because then you can immediately start
using if’. Other comments were also made about its suitability in
comparison to the type of student or class they would have, P5:
“I think that if you were to do this with a Gymnasium class, that
they would very enthusiastic, would love it and immediately
start working with it. But with another class, who might prefer
other methods, it would not perform as well’ and P3: “It depends
if you are a thinker or a do-er. In my opinion it depends on the
moment, everything works in education but nothing works all
the time”. At this moment, concerns about it being suitable for
all the different contexts and situations within education
appeared but as mentioned by P5, “But I do not know if that
would be any different in other experiments, there you would
have this too so I do not think the risk would be higher here or
anything” it illustrates very well that the educators think it all
depends on the moment but would overall see great use in the
tool.

Thoughts about the accessibility were also expressed by all
participants at different times. P6 called it “well yeah, very
intuitive for sure”and ‘T immediately know what I am supposed
to be doing” highlighting how easy it would be for students to
use it, even without a teachers explaining it. P4 also confirmed
this by saying “I would even say, for a class that you think would
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be able to handle it well, skip the whole explanation and just let
them try out the device and the vehicles and good luck”. P2 also
relates the level of accessibility to the previous experiences of
students from when they were younger, mentioning “from the
moment you would see this, especially children who have played
with cars before, they would immediately want to play with It,
move it. But you would also have students that would not even
read and just start playing, who will get immediate feedback on
how it all works’. But the overall consensus of all participants
seemed to be, as summarized by P3, “/ would call it very
Intuitive, you can use it quickly and easily”.

When asked about the suitability of such tools in education.
Participants mentioned the enrichment of current materials that
MOTIONz could offer, P1 just stating “/ think it is a good
addition” and P2 saying “it can be both a good addition and a
replacement. It depends on the group of students. But definitely
an addition in terms of motivation”. P4 also linked it back to the
three learning needs of autonomy, competency and relation
saying “It can be a good addition and I think it can really help,
especially in terms of autonomy” and ‘I do not think it can make
them really more competent but offer them the possibility to
practise things more easily which might give them the feeling of
being more competent’. P5 also mentioned the tangibility and
experiential learning of MOTIONz and compared that to the
suitability of such tools by saying “I think it can be a really good
addition and that comes back to what I said, which is the
practical aspect, that they can really do things’. When asked
about the suitability, P6 also highlighted the different options
you would have to implement this in class; “ think it can be a
really good addition. I think you could do both, a lesson of 60
minutes is very long so you can do it as an introductory thing
but also the last 15 minutes they can do it”. They also mentioned
the amount of time teachers have to prepare and sometimes they
have to choose efficiency “I think it is a great addition for a piece
of classical instruction or when you need a small practicunr’. P4
also linking back to this by saying “it is ready to go and I really
like that” and “I think it is really do-able to finish a worksheet in
a lesson instead of a practicum that takes very long to set up,
execute and clean up’.

5.2 Learning Experience

The educators also had a lot to say about the potential influence
on the learning experience of students. P2 saying “You know I
can put four boxes with wheels here and then the students are
like ‘oh well cool’ but this would entice them more and maybe
even spark more motivation” and P3 mentioning “the haptic
perception of length, so determining something by touching. You
can learn something by moving and I think that makes it better’
when referring to the impact it could have on students learning
purely from it facilitating tangible interaction. P4 also linked it
back to playful learning, saying “it is playful learning which
challenges them also a bit. There are playful elements that I
think make students more unaware of the fact that they are
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actually learning so much. That is in my opinion something we
should try to have more of .

The tangible and playful aspects of MOTIONz seemed to be
resonating with the participants quite often with P4 saying “the
playful learning, really trying something out and doing” when
asked about the educative value. P6 also mentioned “you are
allowed to really do something, so learning with your whole
body. That is still something that I want to incorporate even
more and which makes stuff stick better with students as well’
relating tangibility to better memory and recall P3 also
highlighted the change of pace that tangibility offers compared
to the more traditional ways of teaching physics, saying “I think
it Is just really nice to just do things like this for a change”. P5
related the tangibility and playfulness to the accessibility by
mentioning “it is not difficult, making it very accessible. And
then they actually have to do something where something really
happens which can help them, I do not know specifically how
but I see lots of opportunities’.

The embodiment of the design seemed to be related to a better
learning experience for students as well. P5 saying “if can bring a
bit of reality into the classroom” which P4 also highlighted by
saying “you are giving them a piece of reality, which I think is
awesome” and “that translation to reality makes it even better, I
did not expect that and that makes it very cool’. P6 also
mentioned “it fits better with the student’s perception of the
world’ arguing that the link to reality is indeed better “and more
fur” which was supported by P3, who said when asked about the
educative value “the translation and link to the real world as well
as the link to previous knowledge” whilst also mentioning later
on that “education tries to balance reality so the circuit in
Zandvoort or the Frankfurt-Eindhoven route does that’ referring
to the content of the different worksheets.

The influence on motivation seemed to be mentioned quite often
by participants as well, P2 even calling it “a bit more inviting”
and “it will definitely be better, specifically due to the motivation
and that will for sure have a good impact on the learning
experience’. P1 confirming that by saying “7 think the
improvement Is really in the motivation. They are seeing
something new and fun but still have to work on a physics
exercise in the end’. The motivation was also connected by P4 to
the playfulness of it by mentioning “it is better, not because the
theory is taught better but because they are doing it in a playful
way which makes them much more invested and motivated”.

6 Discussion

The research question aimed to contextualize experiential
embodied tangibles for learning and its influence on the full
learning experience from a teachers perspective. This section
discusses the interpretation of the results, limitations, and future
research directions.
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6.1 Interpretation of Results

The results from the exploratory study show a good usability
and user experience score for MOTIONz current design.
Teachers related their scores mostly to the design characteristics;
experiential, embodiment and tangibility. They envisioned these
three things to have a great impact on not just the learning
experience but also the suitability and usability of tools in
current secondary STEM education which supports and extends
on previous research findings [51, 59, 61]. Teachers deem
MOTIONZ to be fitting to their teaching practises as it embodies
what they want to do and teach in class. The design would
provide a nice alternative from current tools and material as it is
deemed usable in different classes and setups. However, there
were some remarks about it being too simple. MOTIONz only
measures one thing; speed, and according to teachers this would
not be enough to acquire such a tool. Several mentioned they
were definitely willing to use it but wondered about the costs it
would bring, a concern that is commonly expressed on
educational tools [42]. The tool is currently designed for the first
few grades of HAVO/VWO but teachers see great promise for
extending the tool beyond that. Adding more features, like figure
creation or acceleration, would make them want to use it more
often. On top of this, it would address the cost concern; more
options would make it a better investment for the school as it
would be able to cover more physics topics.

Considering the learning experience, the teachers expect there to
be a similar or increased experience when using such a tool as
MOTIONz. They associate this again to the three characteristics
mentioned before (e.g. experiential, embodied, tangible learning)
which in their opinion, come with a lot of added benefits and
value. First, they link an increased learning experience to
motivation due to the fun factor the design embodies. In their
opinion, the fact that learning is made more fun will increase the
students’ overall motivation which is in line with previous
research. Studies have shown that when learning activities are
more enjoyable, students are more likely to be motivated which
would result in more active participation and investment in their
learning process [43, 57, 58, 77] which the teachers are striving
for in their classes. The results of this study support this whilst
also providing insight into which design characteristics
increased enjoyment might be rooted in.

Secondly, teachers also expect there to be a more positive
learning experience as MOTIONz facilitates learning by doing,
also known as experiential learning. Experiential learning has
been proven to beneficial to academic performance [31] which is
supported by the results found in this study. Teachers expect
there to be an increase in memory and recall of physics theory as
they see that an activity where students are actually doing things
with the theory they learned, makes them better at remembering
what they have learned in future lessons which supports
findings from previous studies [10]. Nonetheless, they do not
think MOTIONz to be superior to current teaching tools and

Eindhoven, 2023

materials but rather an extension thereof. Teachers believe the
tool not to be better at teaching the theory but better at the
practising it, highlighting again the experiential aspect of
MOTIONz which they believe to contribute directly to an
increased learning academic

experience and potential

performance which is in line with previous research.

Teachers are also linking learning by doing to motivation and
fun, mentioning that the learning by doing is often more
motivating for students than just making regular exercises in a
book. Previous research often focusses on establishing specific
benefits to tangible, experiential and/or embodied learning
instead of focussing on the bigger picture [44]. However, this
study is able to link different design characteristics and their
impact on education together, making us better able to see and
asses the influence of such tools on the full learning experience.
This study is also able to provide an expert view on educational
tools, whereas previous work often focussed on the students
point of view [22, 72]. The results from this study confirms and
builds upon previous work by providing a more contextualized
view on educational tools and their suitability and usability in
current education. Though there were several suggestions made
to extend the design beyond its current boundaries to make it
more widely usable, teachers think MOTIONz would be highly
usable and suitable for the context it is currently designed for.
They say it is ready to use, its simple and accessible design
makes it ready for the classroom and with the worksheets,
students are immediately ready to practise their newly learned
movement theories in an experiential, embodied and tangible
way.

6.2 Limitations

This study aimed to gain insights into the teachers perspective
on the influence of experiential, embodied and tangible
educational tools on the students learning experience. Even
though the results presented here appear to be promising, they
can be seen rather as preliminary findings. A small sample size
(6 participants) might have given more similar data than
expected. The data showed lots of overlap in opinions on the
usability and user experience of MOTIONz, often highlighting
the same features or benefits of the design. A bigger variety of
perspectives could have created more reliable results, possibly by
consulting more and more diverse educators; including a bigger
range of experience levels, pedagogical practises or including
educators from more schools. Even though the sample size for
this exploratory study might be suitable, extending beyond it
might create more diverse and reliable results. Next to this, the
data shows slight inaccuracies in the UEQ. The data pattern
analysis showed some discrepancies, calling the input from one
participant critical and highlighting two others that could be
suspicious. A bigger sample size could allude to a solution for
this, but further research needs to be done in order to assess its
cause and solve it. The semi-structured interviews done after the
SUS and UEQ helped create more insight and depth into the
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usability and suitability of MOTIONz. However, participants
often focussed more on the limitations of the current design
rather than its possibilities. The questions might have been
formulated in such a way that participants interpreted it
differently than intended. More development is needed to assess
the suitability of questions and rewrites are needed to make sure
more focus is put on the current usability, user experience and
learning experience.

6.3 Future Work

Several suggestions for future research are made based on the
results and process of this study. Future design development
could focus on extending the topic coverage. More options could
be added, like measuring acceleration/deceleration or letting it
create graphs automatically. Adding features like this would
make the tool more widely applicable due to its ability to cover
more topics in different grades and levels.

Next to this, MOTIONz also need to be tested with students in
class. This would allow for the data collection of different
stakeholders within education and provide a more extensive
view on the usability, suitability and learning experience.
Students are able to give a different perspective then their
teachers and might address different features of the design than
they would. Comparing the results of these studies might allow
future research to be able to create a more accurate overview of
the impact on the learning experience than now.

Lastly, more approaches could be explored to involve educators
more actively in the design process of educational tools. Results
show they often have great suggestions on how to solve certain
challenges or make it even more well-suited for its intended goal
than just designers or researchers are able to do. Involving them
in co-creation or co-design sessions would allow for a more
collaborative approach to designing for education. This could
potentially make it easier to design educational tools but also
make the tools better as you would be actively involving experts
into the design process.

7 Conclusion

This paper presented an exploratory study on the influence
experiential embodied tangibles could have on the learning
experience of students in secondary STEM education from a
teachers perspective through a design embodying the
aforementioned aspects called MOTIONz. MOTIONzZ was used to
understand the suitability and usability in current education and
contextualize the full learning experience in relation to such
tools. Through triangulating the mixed method data, we report
on the benefits tools like MOTIONz could have, the potential
effect on the learning experience of students, the usability and
suitability of experiential, embodied tangible learning tools, and
the current usability and user experience according to teachers.
The study aims to contribute knowledge about the teachers
perspective on educational tools and how they perceive the
context of such tools including its influence on students.
MOTIONz is ready to be used in the classroom, but further
development could strengthen its positioning as educational tool
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and material. Teachers think MOTIONz to have several of the
key factors they are looking for in educational tools. They see
the potential it has to positively influence a student’s learning
experience by linking it to increased motivation, learning by
doing and bringing a piece of reality into the classroom.

ACKNOWLEDGMENTS

I would like to thank all participating teachers for their insights
during the expert interviews and final study. A big thank you to
my fellow designers, who supported me throughout the process
and provided with great feedback during the designer reviews.
Lastly, thank you to my coach Tilde Bekker, who helped me
immensely during the whole process by supporting and
challenging me when I needed it.

REFERENCES

[1]  Diana Africano, Sara Berg, Kent Lindbergh, Peter Lundholm, Fredrik
Nilbrink, and Anna Persson. 2004. Designing tangible interfaces for
children's collaboration. In CHI '04 Extended Abstracts on Human
Factors in Computing Systems (CHI EA '04). Association for
Computing Machinery, New York, NY, USA, 853-868. DOIL:
https://doi.org/10.1145/985921.985945

[2] LinaF.J. Ameer, Ban Majeed and Haider Alrikabi. 2021. The Impact of
Teaching by Using STEM Approach in The Development of Creative
Thinking and Mathematical Achievement Among the Students of The
Fourth Scientific Class. International Journal of Interactive Mobile
Technologies, 15(13). DOI: https://doi.org/10.399/ijim.v15i13.24185

[3] Alissa N. Antle. 2007. The CTI framework: informing the design of
tangible systems for children. In Proceedings of the 1st international
conference on Tangible and embedded interaction (TEI '07).
Association for Computing Machinery, New York, NY, USA, 195-202.
DOI: https://doi.org/10.1145/1226969.1227010

[4] Alissa N. Antle, Allen Bevans, Theresa Jean Tanenbaum, Katie
Seaborn, and Sijie Wang. 2010. Futura: Design for Collaborative
Learning and Game Play on a Multi-Touch Digital Tabletop. In
Proceedings of the Fifth International Conference on Tangible,
Embedded, and Embodied Interaction (Funchal, Portugal) (TEI 11).
Association for Computing Machinery, New York, NY, USA, 93-100.
DOI: https://doi.org/10.1145/1935701.1935721

[5] Alissa N. Antle and Alyssa F. Wise. 2013. Getting down to details:
Using theories of cognition and learning to inform tangible user
interface design. Interacting with Computers, 25(1), 1-20. DOI:
https://doi.org/10.1093/iwc/iws007

[6] Aaron Bangor, Philip T. Kortum & James T. Miller. 2008. An Empirical
Evaluation of the System Usability Scale. International Journal of
Human-Computer Interaction, 24:6, 574-594. DOIL:
https://doi.org/10.1080/10447310802205776

[7]  Carol M. Barnum. 2010. Usability Testing Essentials: Ready, Set...Test!
(1st. ed.). Morgan Kaufmann Publishers Inc., San Francisco, CA, USA.

[8] Leema K. Berland. 2013. Designing for STEM integration. Journal of
Pre-College Engineering Education Research (J-PEER), 3(1), 3. DOIL:
https://doi.org/10.7771/2157-9288.1078

[9] Riccardo Berta, Francesco Bellotti, Erik v.d. Spek and Thoas Winkler.
20216. A tangible serious game approach to science, technology,
engineering, and mathematics (STEM) education. Handbook of Digital
Games and Entertainment Technologies, 1-22. DOL:
https://doi.org/10.1007/978-981-4560-52-8_32-1

[10] Leigh A. Bradberry & Jennifer De Maio (2019) Learning By Doing: The
LongTerm Impact of Experiential Learning Programs on Student
Success, Journal of Political Science Education, 15:1, 94-111, DOI:
10.1080/15512169.2018.1485571

[11] Virginia Braun and Victoria Clarke. 2006. Using thematic analysis in
psychology. Qualitative research in psychology 3, 2 (2006), 77-101.

[12] John Brooke. 1996. SUS-A quick and dirty usability scale. Usability
evaluation in industry, 189(194), 4-7.

[13] Ryan Brown, Joshua Brown, Kristin Reardon and Chris Merrill. 2011.
Understanding STEM: current perceptions. Technology and
Engineering Teacher, 70(6), 5.


https://doi.org/10.7771/2157-9288.1078
http://dx.doi.org/10.1007/978-981-4560-52-8_32-1

MOTIONz; bringing experiential embodied tangible learning to

secondary STEM education

[14]

[15]

[16]

[17]

[21]

[22]

[23]

[24]

[25]

[28]

[29]

[30]

[31]

(32]

Maria Chiofalo, Caterina Foti, Marisa Michelini, Lorenzo Santi and
Alberto Stefanel. 2022. Games for teaching/learning quantum
mechanics: a pilot study with high-school students. Education
Sciences, 12(7), 446. DOI: https://doi.org/10.3390/educsci12070446

Paul Clifton. 2014. Designing embodied interfaces to support spatial
ability. In Proceedings of the 8th International Conference on Tangible,
Embedded and Embodied Interaction (TEI '14). Association for
Computing Machinery, New York, NY, USA, 309-312.
https://doi.org/10.1145/2540930.2558151

Emily A. Dare, Khomson Keratithamkul, Benny M. Hiwatig and Feng
Li. 2021. Beyond Content: The role of STEM disciplines, real-world
problems, 21st century skills, and STEM careers within science
teachers’ conceptions of integrated STEM education. Education
Sciences, 11(11), 737. DOL: https://doi.org/10.3390/educsci11110737
Dane DeSutter and Mike Stieff. 2017. Teaching students to think
spatially through embodied actions: Design principles for learning
environments in science, technology, engineering, and

mathematics. Cognitive research: principles and implications, 2, 1-20.
DOI: https://doi.org/10.1186/s41235-016-0039-y

Joseph S. Dumas and Janice C. Redish. 1999. A Practical Guide to
Usability Testing (1st. ed.). Intellect Books, GBR.

Szu C. Fan and Kuang C. Yu. 2017. How an integrative STEM
curriculum can benefit students in engineering design

practices. International Journal of Technology and Design

Education, 27, 107-129. DOL: https://doi.org/10.1007/s10798-015-9328-x
Kraig Finstad. 2010. The usability metric for user

experience. Interacting with computers, 22(5), 323-327. DOIL:
https://doi.org/10.1016/j.intcom.2010.04.004

Kurt F. Geisinger. 2016. 21st Century Skills: What Are They and How
Do We Assess Them?. Applied Measurement in Education, 29:4, 245
249. DO https://doi.org/10.1080/08957347.2016.1209207

Rosella Gennari, Alessandra Melonio, Mehdi Rizvi, and Andrea Bonani.
2017. Design of IoT Tangibles for Primary Schools: A Case Study. In
Proceedings of the 12th Biannual Conference on Italian SIGCHI
Chapter (CHItaly '17). Association for Computing Machinery, New
York, NY, USA, Article 26, 1-6. DOI:
https://doi.org/10.1145/3125571.3125591

Uswatun Hasanah. 2020. Key definitions of STEM education: Literature
review. Interdisciplinary Journal of Environmental and Science
Education, 16(3), e2217. DOI: https://doi.org/ 10.29333/ijese/8336
Tamara D. Holmlund, Kristin Lesseig and David Slavit. 2018. Making
sense of “STEM education” in K-12 contexts. International journal of
STEM education, 5, 1-18. DOL https://doi.org/10.1186/540594-018-0127-
2

Michael S. Horn, R. Jordan Crouser, and Marina U. Bers. 2012. Tangible
interaction and learning: the case for a hybrid approach. Personal
Ubiquitous Comput. 16, 4 (April 2012), 379-389. DOI:
https://doi.org/10.1007/s00779-011-0404-2

Hiroshi Ishii and Brygg Ullmer. 1997. Tangible bits: towards seamless
interfaces between people, bits and atoms. In Proceedings of the ACM
SIGCHI Conference on Human factors in computing systems (CHI '97).
Association for Computing Machinery, New York, NY, USA, 234-241.
DOI: https://doi.org/10.1145/258549.258715

ISO (1998) International Standard Organization: ISO 9241-11(Guidance
on usability), International Standard: ISO 9241-11(Guidance on
usability)

Teresa Kennedy and Michael R. L. Odell. 2014. Engaging students in
STEM education. Science Education International, 25(3), 246-258.

Tuba Ketenci, Adurey Lerous and Maggie Renken. 2020. Beyond
student factors: A study of the impact on STEM career

attainment. Journal for STEM Education Research, 3, 368-386. DOI:
https://doi.org/10.1007/s41979-020-00037-9

Norhagikah Khalil, Kamisah Osman. 2017. STEM-21CS module:
Fostering 21st century skills through integrated STEM. K-12 STEM
Education, 3(3), 225-233.

David A. Kolb. 2014. Experiential learning: Experience as the source of
learning and development. New Jersey: FT Press.

David A. Koonce, Jie Zhou, Cynthia D. Anderson, Dyah A. Hening and
Valerie M. Conley. 2011. What is STEM?. In 2011 ASEE Annual
Conference & Exposition (pp. 22-1684). DOI: https://doi.org/10.18260/1-
2--18582

[33]

[34]

[35]
[36]

[37]

[38]

[40]

[41]

[42]

[43]

[44]

[46]

[47]

[48]

[49]

[50]

Eindhoven, 2023

Erkka Laine, Marjaana Veermans, Andreas Gegenfurtner and Koen
Veermans. 2020. Individual Interest and Learning in Secondary School
STEM Education. Frontline Learning Research, 8(2), 90-108. DOI:
https://doi.org/10.14786/flr.v8i2.461

Bettina Laugwitz, Theo Held and Martin Schrepp. 2008. Construction
and evaluation of a user experience questionnaire. In HCI and
Usability for Education and Work: 4th Symposium of the Workgroup
Human-Computer Interaction and Usability Engineering of the
Austrian Computer Society, USAB 2008, Graz, Austria, November 20-
21, 2008. Proceedings 4 (pp. 63-76). Springer Berlin Heidelberg. DOI:
http://dx.doi.org/10.1007/978-3-540-89350-9_6

LEGO. Retrieved from https://www.lego.com/nl-nl.

James R. Lewis. 2012. Usability testing. Handbook of human factors
and ergonomics, 1267-1312. DOI:
https://doi.org/10.1002/9781118131350.ch46

Angeline S. Lillard. 2013. Playful learning and Montessori

education. Namta Journal, 38(2), 137-174.

Rong-Hao Liang and Zengrong Guo. 2021. NFCSense: Data-Defined
Rich-ID Motion Sensing for Fluent Tangible Interaction Using a
Commodity NFC Reader. In Proceedings of the 2021 CHI Conference
on Human Factors in Computing Systems (pp. 1-14). DOI:
https://doi.org/10.1145/3411764.3445214

Rong-Hao Liang. 2021. OpenNFCSense: Open-Source Library for
NFCSense. In Adjunct Proceedings of the 34th Annual ACM
Symposium on User Interface Software and Technology (pp. 118-120).
DOI: https://doi.org/10.1145/3474349.3480196

Cathrine Maiorca, Thomas Roberts, Christa Jackson, Sarah Bush,
Ashley Delaney, Margaret Mohr-Schroeder and Soledad Soledad. 2021.
Informal learning environments and impact on interest in STEM
careers. International Journal of Science and Mathematics

Education, 19, 45-64. DOI: https://doi.org/10.1007/s10763-019-10038-9
Nicholas M. Massa, Michele Dischino, J.F. Donnelly and F.D. Hanes.
2011. Creating real-world problem-based learning challenges in
sustainable technologies to increase the STEM Pipeline. In 2011 ASEE
Annual Conference & Exposition (pp. 22-397).

Kelly C. Margot and Todd Kettler. 2019. Teachers’ perception of STEM
integration and education: a systematic literature review. International
Journal of STEM education, 6(1), 1-16. DOI:
https://doi.org.10.1186/540594-018-0151-2

Paul Marshall, Sara Price, and Yvonne Rogers. 2003. Conceptualising
tangibles to support learning. In Proceedings of the 2003 conference on
Interaction design and children (IDC '03). Association for Computing
Machinery, New York, NY, USA, 101-109.
https://doi.org/10.1145/953536.953551

Paul Marshall. 2007. Do tangible interfaces enhance learning? In
Proceedings of the 1st international conference on Tangible and
embedded interaction (TEI '07). Association for Computing Machinery,
New York, NY, USA, 163-170. https://doi.org/10.1145/1226969.1227004
Tobias M. Paez, David A. Morales, Francisco J. Perales and José M.
Vilchez-Gonzalez. 2019. What are we talking about when we talk about
STEM education? A review of literature. Science Education, 103(4),
799-822. DOI: https://doi.org/10.1002/sce.21522

Meghan E. Marrero, Amanda M. Gunning and Terri Germain-
Williams. 2014. What is STEM education?. Global Education

Review, 1(4).

Maarten van Mechelen, Rachel Smith, Marie-Monique Schaper,
Mariana Tamashiro, Karl-Emil Bilstrup, Mille Lunding, Marianne
Petersen and Ole Iversen. 2022. (2022). Emerging technologies in K-12
education: A future HCI research agenda. ACM Transactions on
Computer-Human Interaction. DOI: https://doi.org/10.1145/3569897
Edward Melcer and Katherine Isbister. 2018. Bots & (Main) frames:
exploring the impact of tangible blocks and collaborative play in an
educational programming game. In Proceedings of the 2018 CHI
Conference on Human Factors in Computing Systems (pp. 1-14). DOL:
https://doi.org/10.1145/3173574.3173840

M.A. Honey, G. Pearson and H. Schweinruber. 2014. STEM integration
in K-12 education: Status, prospects, and an agenda for research.
National Academies Press. DOI: https://doi.org/10.17226/18612

Mark Notess. 2001. Usability, user experience, and learner

experience. Elearn, 2001(8), 3. DOI:
https://doi.org/10.1145/566933.566938


https://doi.org/10.1080/08957347.2016.1209207
https://doi.org/10.1145/3125571.3125591
https://www.lego.com/nl-nl

June 2023, Eindhoven

[51]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[63]

[64]

[65]

[66]

[67]

[68]

Claire O'Malley and Danae Stanton-Fraser. 2004. Literature review in
learning with tangible technologies.

O'Donnell, M. (2014). Maria Montessori. Bloomsbury Publishing.
Alejandro Paniagua and David Istance. 2018. Teachers as Designers of
Learning Environments: The Importance of Innovative Pedagogies,
Educational Research and Innovation, OECD Publishing, Paris.

DOI: https://doi.org/10.1787/9789264085374-en

Pantelis M. Papadopoulos, Andreas Karatsolis, and Zeinab Ibrahim.

2013. Learning activities, educational games, and tangibles: Arabic
language learning in the ALADDIN project. In Proceedings of the 17th
Panhellenic Conference on Informatics (PCI '13). Association for
Computing Machinery, New York, NY, USA, 98-105. DOIL:
https://doi.org/10.1145/2491845.2491852
Amanda J. Parkes, Raffel Hayes and H. Ishii. 2008. Topobo in the wild:
longitudinal evaluations of educators appropriating a tangible
interface. In Proceedings of the SIGCHI conference on human factors
in computing systems (pp. 1129-1138).

S. Camille Peres, Tri Pham and Ronals Philips. 2013. Validation of the
system usability scale (SUS) SUS in the wild. In Proceedings of the
human factors and ergonomics society annual meeting (Vol. 57, No. 1,
pp- 192-196). Sage CA: Los Angeles, CA: SAGE Publications. DOI:
https://doi.org/10.1177/1541931213571043

Sara Price, Yvonne Rogers, Mike Scaife, Danae Stanton and H. Neale.

2002. Using ‘tangibles’ to promote novel forms of playful
learning. Interacting with computers, 15(2), 169-185. DOI:
https://psycnet.apa.org/doi/10.1016/S0953-5438(03)00006-7
Sara Price, Jennifer G. Sheridan, Taciana P. Falcao and George Roussos.
2008. Towards a framework for investigating tangible environments
for learning. International Journal of Arts and Technology, 1(3-4), 351-
368. DOI: https://doi.org/10.1504/IJART.2008.022367
Hayes Raffle, Amanda Parkes, Hiroshi Ishii, and Joshua Lifton. 2006.
Beyond record and play: backpacks: tangible modulators for kinetic
behavior. In Proceedings of the SIGCHI Conference on Human Factors
in Computing Systems (CHI '06). Association for Computing
Machinery, New York, NY, USA, 681-690. DOIL:
https://doi.org/10.1145/1124772.1124874
Hestiasari Rante, Michael Lund and Doris Caliz. 2018. The role of
tangible interfaces in enhancing children's engagement in learning.

In MATEC Web of Conferences (Vol. 164, p. 01013). EDP Sciences.
DOI: https://doi.org/10.1051/matecconf/201816401013

Yvonne Rogers and Henk Muller. 2006. A framework for designing
sensorbased interactions to promote exploration and reflection in play.
Int. J. Hum. Comput. Stud., 64, 1-14. DOIL:
https://doi.org/10.1016/j.ijhcs.2005.05.004

Minjung Ryu, Nathan Mentzer and Neil A. Knobloch. 2019. Preservice
teachers’ experiences of STEM integration: Challenges and
implications for integrated STEM teacher preparation. International
journal of technology and design education, 29, 493-512. DOL:
https://doi.org/10.1007/s10798-018-9440-9

Juergen Sauer, Andreas Sonderegger and Sven Schmutz. 2020.
Usability, user experience and accessibility: towards an integrative
model, Ergonomics, 63:10, 1207-1220, DOI:
https://doi.org/10.1080/00140139.2020.1774080.

Bertrand Schneider, Patrick Jermann, Guillaume Zufferey and Pierre
Dillenbourg. 2011. Benefits of a tangible interface for collaborative
learning and interaction. IEEE Transactions on Learning
Technologies, 4(3), 222-232. DOL: https://doi.org/10.1109/TLT.2010.36
Pratim Sengupta, Gokul Krishnan and Mason Wright. 2014. Integrated
STEM in elementary grades using distributed agent-based
computation. arXiv preprint arXiv:1402.7252.

Orit Shaer and Eva Hornecker. 2010. Tangible User Interfaces: Past,
Present, and Future Directions. Found. Trends Hum.-Comput. Interact.
3, 1-2 (January 2010), 1-137. DOI: https://doi.org/10.1561/1100000026
Emilie A. Siverling, Elizabeth S. Flores, Corey A. Mathis and Tamara J.
Moore. 2019. Students' use of STEM content in design justifications
during engineering design-based STEM integration. School Science and
Mathematics, 119(8), 457-474. DOI: https://doi.org/10.1111/ssm.12373
Alexander Skulmowski, Simon Pradel, Tom K”uhnert, Guido Brunnett
and Daniel G. Rey. 2016. Embodied learning using a tangible user
interface: The effects of haptic perception and selective pointing on a
spatial learning task. Computers & Education, 92, 64-75.
https://doi.org/10.1016/j.compedu.2015.10.011

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[79]

[80]

[81]

Laure Y. Smits

Karl A. Smith, Tamara J. Moore. 2014. Advancing the state of the art of
STEM integration. Journal of STEM Education: Innovations and
Research, 15(1), 5.

Arash Soleimani, Danielle Herro, and Keith Evan Green. 2019.
CyberPLAYce—A tangible, interactive learning tool fostering children’s
computational thinking through storytelling. Int. J. Child-Comp.
Interact. 20, C (Jun 2019), 9-23. DOL:
https://doi.org/10.1016/j.ijcci.2019.01.002

Lieve Thibaut, Stijn Ceuppens, Haydée de Loof, Jolien de Meester, Leen
Goovaerts, Annemie Struyf, Jelle Boeve-de Pauw, Johan Deprez, Mieke
de Cock, Luc Hellinckx, Heidi Knipprath, Greet Langie, Katrien
Struyven, Didier Velde Peter van Petegem and Fine Depaepe. 2018.
Integrated STEM Education: A Systematic Review of Instructional
Practices in Secondary Education. European Jourrnal of STEM
Education, 3(1), 02. DOI: https://doi.org/10.20897/ejsteme/85525.

Chau K. Tsong, Toh S. Chong and Zarina Samsudin. 2012.Tangible
multimedia: a case study for bringing tangibility into multimedia
learning. Procedia-Social and Behavioral Sciences, 64, 382-391. DOL
https://doi.org/10.1016/j.sbspro.2012.11.045

Russell Tytler. 2020. STEM education for the twenty-first

century. Integrated approaches to STEM education: An international
perspective, 21-43. DOIL: https://doi.org/10.1007/978-3-030-52229-2_3
Robert Thomas, Mary Baker, Cathy Cross and Michael Miehl. 2018.
Value of Using STEM Professionals in the K-12 Classroom: Connecting
Chemistry to the Real World. In Citizens First! Democracy, Social
Responsibility and Chemistry (pp. 33-41). American Chemical Society.
DOI: https://doi.org/10.1021/bk-2018-1297.ch002

Hui-Hui Wang, Tamara J. Moore, Gillian Rohrig and Mi Sun Park.
2011. STEM integration: Teacher perceptions and practice. Journal of
Pre-College Engineering Education Research (J-PEER), 1(2), 2.

Ward, J. L., Shadle, S., & Mofjeld, P. (2008). User experience, feedback,
and testing. Library Technology Reports, 44(6), 17-23.

Lesley Xie, Alissa N. Antle, and Nima Motamedi. 2008. Are tangibles
more fun? comparing children's enjoyment and engagement using
physical, graphical and tangible user interfaces. In Proceedings of the
2nd international conference on Tangible and embedded interaction
(TEI '08). Association for Computing Machinery, New York, NY, USA,
191-198. DOL: https://doi.org/10.1145/1347390.1347433

Pippa Yeoman and Lucila Carvalho. 2019. Moving between material
and conceptual structure: Developing a card-based method to support
design for learning. Design Studies, 64, 64-89. DOI:
https://doi.org/10.1016/j.destud.2019.05.003

Bekir Yildirim. 2016. An Analyses and Meta-Synthesis of Research on
STEM Education. Journal of Education and Practice, 7(34), 23-33.
Zeynep Ahmet, Martin Jonsson, Saiful Islam Sumon, and Lars Erik
Holmquist. 2010. Supporting Embodied Exploration of Physical
Concepts in Mixed Digital and Physical Interactive Settings. In
Proceedings of the Fifth International Conference on Tangible,
Embedded, and Embodied Interaction (Funchal, Portugal) (TEI °11).
Association for Computing Machinery, New York, NY, USA, 109-116.
DOI: https://doi.org/10.1145/1935701.1935723

Oren Zuckerman and Ayelet Gal-Oz. 2013. To TUI or not to TUIL:
Evaluating performance and preference in tangible vs. graphical user
interfaces. Int. J. Hum.-Comput. Stud. 71, 7-8 (July, 2013), 803-820.
DOI: https://doi.org/10.1016/j.ijhcs.2013.04.003


https://doi.org/10.1787/9789264085374-en
https://link.springer.com/article/10.1007/s10798-018-9440-9
https://doi.org/10.1145/1935701.1935723

Appendix

Appendix A - Design Research Process

Appendix B — Development of Probes

Appendix C — ERB Form

Appendix D - Educator Consent Form

Appendix E - Full Research Session Set-Up

Appendix F — System Usability Scale

Appendix G - User Experience Questionnaire
Appendix H — Semi-Structured Interview Question List
Appendix I — Final Worksheets

Appendix J - Original Research Framing & Set-Up



Appendix A — Design Research Process

A visual was created to show the full design research process used in this project. Next to this
visual, a short description on the most important or biggest activities can be found in this chapter as
well. Both parts can be found below.

Elaborations Biggest Activities

Literature Research

To kick off the process, extensive literature research was done to identify areas of opportunity and
discover potential directions for the project. I focused my efforts on establishing a research
foundation that I could use to build upon in further stages, the goal was to create a broad overview
of what was out there and to see what sparked interest for me to pursue. A deep dive into the
following topics/areas was done:

- STEM education, in general
o STEM in secondary education
- Tangible User Interfaces (TUI)
- Graphical User Interfaces (GUI)
- Technology in the Classroom (mostly case studies)
- Internet of Toys (toys that are connected)
- Constructivism
- Computational Thinking and Empowerment
- Gamification
o Specifically in the context of education and playful learning
- Educational Tools
o Specifically case studies of them

The result of this activity was a very broad but solid foundation of different direction which were
then further used in brainstorming activities. It not only helped inform the brainstorm of potential
design probes but also helped establish several interesting research directions to explore further.

Research Question, Direction & Framing

This activity was done throughout the whole process and definitely proved to be a bit of a challenge
for me. The first few framings I created for my own research felt uninteresting, unoriginal or not
novel enough. Several iterations on a question with direction were done to establish some options.
Mostly literature research and design ideations helped determine what my final framing became.
From these continuous activities I have learned to sometimes just make a choice and try it out, to
avoid getting stuck in my own head too much. I see now that having that solid research foundation
to build upon really helped, which is why I continued to evolve that foundation throughout the
whole process to make sure it was up-to-date as well as still relevant to what I was doing. It helped
with the final framing massively as I was continuously researching what others were doing that
was similar to my own process, this helped me determine how to exactly frame my work and how
to make that make sense in the research environment that was already out there.



Expert Interviews

During my search for research framing, I found a need to use my user-centered skills and get
inspiration from something other than papers. I decided to use the opportunity and set up several
expert interviews with physics teachers to help me make sense of the context my project would be
in. I reached out to some people in my network and held 5 interviews with teachers. The goal of
these short interviews were to establish current practices in secondary STEM education, understand
current experiences and figure out what their wants and needs are in educational innovations.
Doing these sessions helped me mostly on a personal level as it allowed me to reach back into my
repertoire and feel more at ease in the process I was in. The insights also helped with initial
prototyping and trying out different ideas. The teachers confirmed the direction that my project
was being taken in and helped me see the relevance in the real world, and not just the research
world.

Benchmarking

Benchmarking was done soon after the interviews to establish a foundation of already existing
designs and design probes that were similar to what I wanted to create. The goal was to have an
overview and being able to draw on certain aspect of the design during the prototyping phase. I
have researched several commercial and design case studies to determine a benchmark. I looked at
their strengths, weaknesses and design specifications and summarized my insights to be easy to
refer to later on. It helped gain insight into the market- and design landscape of STEM educational
tool, which also confirmed the lack thereof at times. The activity helped me feel more confident in
my work and research direction, it showed great potential in the area I was pursuing and made me
feel I could add some real value with my work upon being finished.

The design requirements and specifics extracted during my benchmark helped form the first
ideation phase in my process and allowed me to continuously reflect on these items in order to
create something that builds upon existing work and use that knowledge that was created.

Prototyping

Several ideation phases were done throughout the process, which included a few rounds of
prototyping as well. The next chapter (Appendix B) also elaborates on these in more detail. Doing
continuous prototyping simultaneous to my research framing, helped strengthen the other. So being
able to create physical designs and be a designer inspired the framing and vice versa. I was able to
work out my ideas in the physical sense, which helped my process massively. I am someone that
thinks mostly in a visual space and have a problem of being too stuck in my head. These activities
helped get out of that which ended up benefiting the framing even more than I initially expected.

Several feedback sessions were also held to further improve my prototype. Sessions with my expert,
Rong-Hao Liang, helped me further the technology side of the design the most. But he also provided
me with some great critique points to make me think about more than just that. A designer review
helped with identifying some user experience pain points and just general feedback on how to
improve the aesthetic of MOTIONz. Consulting others helped me improve things like aesthetics but
also usability and suitability.



Pivoting Research

Unfortunately I had to pivot my research as I was not able to work with students anymore. The
school I was in contact with decided that there was not enough time to do this which resulted in me
having to change my framing from students to teachers (as I would be able to work with them). I
felt pretty discouraged for a minute but then decided to take this change and make the best of it. My
original framing included the influence on the cognitive or learning abilities of students in
secondary education, which was not relevant anymore. In my opinion experts (teachers) could only
tell so much about that, so a change was needed that would better suit the participants I was going
to be working with and the ability they would have to assist me in my work.

I reframed everything to focused on the full learning experience of students. Teachers are the
perfect people to explain things from a top-down view as they are the experts in the field and they
see the things I want to report about happening in front of their eyes. They are able to give a birds
view to the full learning experience which made me able to create a framing around the context and
the potential influence of such tools like MOTIONz on the bigger picture, and not just individual
aspects (like performance, engagement, collaboration, etc.). Eventually I found my footing and with
full steam ahead setup all of my sessions. I dived into usability and user experience testing which
was deemed very suitable for discovering the real suitability and usability of STEM educational
tools. Together with a semi-structured interview, I could gather lots and lots of data to be able to
give insight into the bigger picture around educational tools and their impact on current education.
I am very happy what I achieved, even though it was very tough to get there. Lots of brainstorming
and consulting some other people helped me find my framing, which ended up all working out for
me.
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Appendix B — Development of Probes

Throughout the full design research process, several iterations were completed which resulted in
the creation of different prototypes and design probes. This chapter elaborates on the ideas,
concepts and prototypes created during this project and comment in more detail on the
development of them.

Initial Concepts

The first step of the development of probes includes the creation of the initial concepts. Below you
can find the first four ideas which were created based on STEM education topics in secondary
school.

These four concepts where then refined through feedback and further ideation.



After this round of concept development. New concepts were created and old ones even further
elaborated upon. This resulted in the three concepts below which were then used during the expert
interviews to test the waters in terms of subjects.




First Prototypes

After concept development, a paper prototype was created of the movement and sound concepts.

These were then turned into more tangible, wooden prototypes made with the laser cutter. (the
yellow lines illustrate how they would be used and the relationship between items)




Design Probe Version 1

After the physics topic was chosen, the first version of the design probe was created. Calculations
were made first for the specs of the prototype after it was laser cut on wood and assembled
together.

This first version was also used to test out the NFC tags and scanner in this kind of setup. The code
was then also adapted to the needs of the project and a simplified screen was designed as interface.
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Design Probe Version 2

Several improvements (from both own experience) already needed to be made to the new version of
the design probe. So another one was made immediately after. This version was also painted with
the branding colors to figure out the desired aesthetic of the prototype.

This prototype was also tested with the first two LEGO vehicles that were created.




Design Probe Version 3 — final design

After Version 2 was used for a designer review, several suggestions were made and improvements
were needed. A new version was created (you can see part of the process and the final results).
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During the creation of the final design, the worksheets were also designed per vehicle. Initial
exercises were created based on the different vehicles and then they were turned into worksheets to
complete the design process of MOTIONz and make it ready for testing.
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Appendix C — ERB Form

EINDHOVEN
UNIVERSITY OF
TECHNOLOGY

TU/

Ethical Review Form
(Version 1.6)

This Ethical Review Form should be completed for every research study that involees human participants or
persanally identifiable personal data and should be submitted to gthics@tue nl. For more information
about how this process works please click here.

Part 1: General Study Information

1 Project title Application of Emerging Technologies in Secondary
Education Physics
2 Mame of the researcher/student LY. Smits
3 Email of the researcher/student | v smitsidstudent tue nl
4 Supervisor(s) name(s) Prof. dr.ir. M.M. (Tilde) Bekker
Additional explonation: Flease write down the name of Your
difect superwisor. ¥ou con mention several supervisors if
cppropricte, but ot leqst one supervisor should be
mentioned.
5 Supervisor(s) email address{es) m.m bekkeri@tue nl
Additional explonation: Flease give the email address of the
supervisor(s) mentioned in guestion 4.
5] Department Industrial Design
7 Areyou astudent and is this application for O Y¥es, Bachelor. Course:
educational purposes? H Yes, Master. Course: DPM120 (Project 2)
O Mo
8 Research location the Metherlands
Additioral explonation: Where will the doto collection toke
place? Or compus, it @ company, in public spoce, etc
9 Start date data collection 1TI0S/2023
Additional exploration: Please state when Your data
collection will start. Flease note that you do not kave to
provide information about your complete (PhD) project, but
orly or this particular sub-study that you ore submitiing for
approval in this form.
10 | End date data collection 01/08/2023
11 Dioes your project recewe external funding (e.g., | O Yes. Mame Funder;
MWW, relevant for special regulations from = Mo
funders)?
12 | Which internal and external parties ars involved | Infarnai Fadiss:

in the study? Think about sharing data or
information between TUfe and other universities,
commercial companies, hospitals, etc.

Additlordl exploration: Describe ol internal and external
parties that ore involved in the study or project, including:

. humaon participants (e.q., people being inteniewed
people participating (f online surveys, patients, etc.);

. resegrchers or research groups Gt the TLYE who
participate in the study,

. {Researchers Gt} other universities/institutions that
provide dota/services, kelp arolyzing the dota, etc.;

- {commercial} partners, ComMpanies, GoOVernment
bodies, municipalities, consultancy firms, hospitals or
care institutions thot provide data (e.g., contact
details of participants, dota for further onalysis).

- My supervisor, Tilde Bekker
o Tilde coaches me on my project, guidss
my research and will have access to the
processed data. She will not be able to get
access to the raw data.

- My assessors, which are to be determined
towards the end of the project and will consists of
people from the Industrial Design department

o My assessors will have access to the
paper created with/based on this data and
are able to request the
processedfanalysed dataused in the
research paper which is used to grade my
research project. They wil not be able to
get access to the raw data.




EINDHOVEN
UNIVERSITY OF
TECHNOLOGY

TU/

Ethical Review Form

Indicate which role each party ploys: who defines the
means and purposes in the study, who will supply the dato
{external parties 7}, who will process/handle the data, who
will be able to occess the doto during ond after reseqrch
{orly researchers gt TL/e or qlso others)?

Extemail Partigs:
- The Educators

o Theteacher and/or other people from the
school will have the opportunity to get
access tothe processedfanaly sed data if
they wish so. This will be on request basis
and they will not be able to get access to
the raw data

13

Hawve any special agreements already been
made with an external party, such as a Mon-
Cisclosure Agreement (MDA) or a data sharing
agreement?

O Yes, namely:
] Mo

14

Has your proposal already been approved by an
external Ethical Review Board or Medical Ethical
Review Board?

Additionml explarnation: For example, when you are
collaborating with another university and the project has
beer approved by their Ethico! Review Board, or when you
received @ WhIO-waiver from o Medical Ethical Review
Boord.

OYes
] Mo

15

If yes: Please provide the name, date of
approval and contact details of the ERB. Flease
also include the registered number for your
project approval. Additionally, please send in the
Ethical Review Form upon which ethical
approval was granted together with this form.

16

Have you already performed a Data Protection
Impact Assessment (OFIA) for this or awvery
similar project?

Flease read the information below: a DPiA is not the
same as a requiar privacy impact assessment. More
detaifed questionson privacy will follow in the section
be foww.

Additional expleration: 4 Date Protection mpact
Assessment (DFIA) is o formol document that must be
drafted under the guidelines of the General Date Frotection
Reguinfion (GDFR) if you process personal data thet are
fikely ta resuit in high privacy risks for particlpants. Think of
research with vilnerable people, high-risk medical research,
The Dutch DFA [Autoritelt Persoonsgegevens) and our

website provides more information about @ OFA
AE e

OYes
EH Mo

If yes: Please provide details about the DFIA here and
sendin the DFIA documentation together with this form.

Part 2: M

edical study

Cioes the study have a medical scientific
research question or claim?

Addirior gl explorgtion: Medical/sclentific researchk (s
research which (s carried out with the aim of finding
answers to @ question in the field of illness ond health
fetiology, perhogenesis, signs/symproms, diogrosis,
prevertion, outcome or treatment of illness), by
systematically collecting and onalviing dota. The research
is carried out with the intention of contributing to medical
krowledge which can also be applied to popul ations outside
of the direct reseqrch populotion. If vour resedrch cortains

OYes”
E Mo

*If yes or in doubt, please contact Susan Hommerson via
s.m.hommersoni@tug.nl




EINDHOVEN
UNIVERSITY OF
TECHNOLOGY

TU/

Ethical Review Form

guestions about keolth ond heaith related porometers
(such os well-being, vitality, feelings of anxiety or stress) but
vour research guestion (s mot primarily medical, then you
con answer ‘ro’ to this guestion.

Part 3: Use of {(medical) devices in the study

Dioes your research include a device?

Additional explonation: A device is @ complete piece of
physical kardware that (s used to COMPULE O SUPPOrT
computer functions within o lorger system. Devices can be
divided into input-, output-, storage-, internet of things-, or
mobile device.

O Yes, not self-made
[ Yes, self-made
O Mo

Please describe your device or link to an online
description of the device

In the appendix is a full description of the concept and
linksto the technology used. The technology usedis
however not self-made and will be implemented in the
design itself. The technology is already published and
included in several published studies by Rong-Hao Liang
and others.

Will wou use a device that is 'CE' certified for
unintended use (meaning vou will use existing
CFE cenified devices for other things than they
were originally intended for) or use a device that
is not 'CE' certified?

Additional explonation: You can find more information
mhout CE certification on

https /ec.europa. ewgrowth/single-mark et/te-marking_en.

OYes
E Mo

Ifyes: Do you use a device or software that has
a medcal purpose such as diagnosis,
pravention, monitoring, prediction, prognosis,
treatment or alleviation of disease or injury?

O Yes, my device or software currently has a medical
purpose

O Yes, my device or software could have a medical
purpose in the near future

] Mo

O1'm not sure

Part 4: Information about the study

Wihat are your main research guestions?

Additional explonation You need to provide at least one
clear reseqrch question.

Howe is the design probe experienced by physics
educators?

How suitable is the design probe for education?

Description of the research method

Additional explonation: For example, (RTErWew, survey,
experiment, user-test, Randomized Experiment, focus
groups, pilot study, observaion, etc.

Isability testing will be done to determine the
effectiveness, efficiency and satisfaction of the design.
Participants will be asked tofinish a simple task and do a
post-guestionnaire on satisfaction as well as a small semi-
structured interview.

Description of the research population, in- and
exclusion criteria

Additional explonation: Flease describe which persons ore
eligible for vour study. What criteria are used to select
participants in your study, ond what criteria ore used to
exclude possible participants 7

For example: We will randomly select participants from the
JSF porticipant detabase with good vision ond older than 18
VEQrs.

Inclusion criteria:
- Secondary Education Educator
- Teaches physics or similar named course
o Sometimes courses are combined which
include physics and another STEM course,
those are also acceptahle
- Able to understand Dutch & English

BExclusion criteria:
- Underthe age of 18




EINDHOVEN
UNIVERSITY OF
TECHNOLOGY

TU/

Ethical Review Form

- Teachersin training

Diescription of the measurements andfor
stimuliftreatments

Additional exploration: Think about your outcome
measures and the variobles you will be collecting and
describe them in o way such that arother person
understands what the participant will experience.

For example: Farticipants will perform tosk A ond see
pictures from dotobase 8, and we measure validated Scale
1

The participants will be asked to interact with the design
{see appendix for description) in order to understand their
experience and the usefulness of it. The goal is to be able
to understand how tangible tools in current secondary
education curriculums are experienced. They will be asked
to interact with the design probe and solve challenges
designed to replace traditional (boring) physics exercises.

The design probe used in this study consists of a
technology designed and published by Rong-Hao Liang
called MFCsense. If's a technology that allows NFC tags
ke given different material properies which can be
scanned by a NFC scanner and displayed on a scresn.
This technology will be used to create a physical and
tangible wersion of real world physics concepts (like
maovement and sound). The researcher will only design
with the technology and create an application for physics,
so no changes to the technology are made and thus it is
deemed same to use.

The types of measurements in this study {(can) include:
observation notes, survey answers, audio recordings of
interviews and pictures of the interaction with the design
probe.

All of these measurements will nof include any identifiable
charactenstics, ensuring their pivacy Is respected and they are
safely participating in this study. Any possible identifiers will be
deleted fromthe raw data dunng the processing. Audio
recordings will also be franscribed in this proce ss affer which
they are deleted.

Diescribe and justify the number of participants
you needfor this study . Also justify the number
of cbservations you need, taking into account
the risks and benefits

Additioral explonation. Think about if vou need 3 or 30
porticipants for example, and why? Do they need to provide
their input once, or several times, and why?

3-10 physics educators

Explain wihy your research is societally
important. What benefits and harm to society
may result from the study?

Additional explonation: What berefit will the results of vour
study hiave to society i gereral?

Social lmporiance

In the context of teaching students 21st century skills, it is
important to empower students to take contral of their own
leaming process. Providing tools that allow them to do this
will increase the chance that students can take control of
their leaming process (OECD |, 2018). Today's secondary
school education is quite often determined almost fully by
the teacher, with that we mean that students have limited
influence on their own learning experience/process. To
help students feel more empowerment, looking into how to
create more ownership within the boundaries of the offered
education is crucial.

Benafifs

The benefits of this study mainly include the knowledge to
be able to understand the role, purpose and result of using
a design probe including emergng technologies in current
secondary education. This knowledge can then be
translated to design requiremsnts or similar tools used to
be able to design valuable and useful educational
materials.
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Benefif Educalors

The educators will value from this research on an
educational basis The study has an educational purpose
and the design probe is designed to that effect as well
The goal is to get them to experience tools that might be
ahle to assist them in their lessons which can improve and
innovate their education in the future

Harms

Wie wiew thereis little to no harm for society as the current
research will try to fit in with the current educational
system and not be too disruptive.

(OECD, 2018) Education 2030; The Future of Education
and Skills. Position Faper,

hitps: ffwww . oecd. orgfeducationf/2020/E2030% 20F osition %
20Paper% 20{05.04.2018) pdf

Describe the way participants will be recruited
Additlondl explorarion: How will you recruit participants for
vour study ? For example, by using fivers, personal network,
pariels, etc.

Participants will be recruited through the professional
network of the researcher. Contacting current contacts in
secondary education will be used to reach out to multiple
schools and physics teachers.

Provide a brief statement of the risks you expect
for the participants or others invaolved in the
study and explain. Also take into consideration
any personal data you may gather and
associated privacy issues

Additional explonation: Risks for the participants con be
anything from risk of datg breach to risk of safety or well-
being. Describe these possible risks ond describe the way
these risks are mitigated.

The researcher will collect all data without persaonal
identifiers. All the raw data will be pseudonymized after
which the raw data is deleted to make sure it is safe

Risk

The risks are deemed negligible as the purpose of the
study is educational and designed with this in mind. They
will not be asked to engage and interact with anything that
is not safe.

Data collection and storage

All the participants will be informed about the research
activities before the study, including the data collection,
storage, and usage protocols.

The gathered (raw) data is only accessible tothe
researcher when the participants give consent. Maoreover,
from the data that occurs during the study, only data that is
necessary for the study will be used. Afterthe raw data is
gatherad, the data will be processed within 1-2 weeks and
deleted.

All the raw data will be pseudonymized by Using
participant D {random number) and deleting all personal
information that can be traced. After this process, the data
will be known as ‘processed data.

All the data (survey answers, notes, comments, audio
recordings) will be stored locally on the researcher laptop
andfor phone until six months after the end of the project:
1st of March 2023 and deleted after that period. Both
devices are password protected.

Chservation notes will be documented in the notebook of
the researcher and only accessible to them.
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The participants can decline their participation and results
at any given moment during the study , when this is the
case, the data will be destroyved and not be used

Part 5: Self-assessment checklist

Nofe: answeors in the blue boxes indicata thal vour research s eligible for fast-frack aporoval

Yes

Mo

1a

Cioes the study involve human material? {e.q., surgery waste material derived from non-
commercial organizations such as hospitals)

1b

Wiill blood or ather (biojsamples be obtained from participants? (e g, hair, sweat, urine
or other bodily fluids or secretions, also external imaging of the body)

Wil the participants give their consent — on a voluntary basis — either digitally or on
paper? Or have they given consent in the past for the purpose of education or for re-use
in linewith the current research question?

Arethe participants, outside the context of the research, in a dependent or subordinate
position to the investigator?

Additioral explonation: Think about doing research on your own students or on Your own employees. When
there s o dependency or power imbalance between you and the research pariicipants, You need fo arswer
‘wes” tothis question.

Cioes the study invalve participants who are particularly vulnerable or unable to give
informed consent? (e.g., children (<16 years of age), people with learming difficulties,
patients, people receiving counselling, people living in care or nursing homes, people
recruited through self-help groups)

Will participating in the research be burdensome? (e.g., requiring participants to wear a
device 24/7 for several weeks tofill in questionnaires for hours, totravel long distances
to a research location, to be interviewed multipls times)?

hay the research procedure cause harm or discomfort to the participant in any way?
(2.0., causing pain or more than mild discomfort, stress, anxiety or by administering
drinks, foods, drugs, or showing explicit wisual material)

Wil financial inducement (other than reasonable expenses and compensation for time)
be offered to paricipants?

Additional exploration: For anr explonotion of what (s considered @ reasonable compensation, see the topic
porticipant fees from the HT group

8a

Wil it be necessary for partticipants to take part in the study without their knowledge and
consent atthe time? (e.g., covert observation of people)

8b

If wes Will you be observing people without their knowledgs in public space? (e.g. on the
street, at a bus-stop)

Wil the study involve actively deceiving the participants? (e g | will participants be
deliberately falsely informed, will information be withheld from them, or will they be
misled in such a way that they are likely to object or show unease when debriefed about
the study)

10

Wil participants be asked to discuss or report sexual experiences, religion, aleohol or
drug use, suicidal thoughts, or other topics that are highly personal or intimate?

Additioral exploration: Think obout your research population. For some participants, particular topics can be
considered sensitive or intimate, whereas the same topics will not be perceived as such by other participants.

11

Elaborate on all boxes answered outside of the blue
boxes in part 5. Describe how you safeguard any
potential risk for the research participant.
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Part 6: Self-assessment on privacy

The following questions {(1-10) concern privacy issues, as laid down in the General Data Protection Regulation
{COPRY. The Data Stewards and — if necessary — privacy team of TW/e will assess these guestions. In some cases,
moare information is required to assess the privacy risks. IT this is the case, you will be natified that the Data Stewards
team will contact you.

The GOPR defines 'personal data’ as any information relating to an identified or identifiable natural person {'data
subject'). Personal data also includes data that indirectly reveals something about a natural person. Fersonal data can
lead to the physical, physiclogical, genetic, mental, economic, cultural or social identity of a natural person. There are
twio main categories of personal data: regular personal data and special category personal data

If you are not sure whether some of these questions below should be answered with a ¥es or Mo, please contact a
Data Steward first through rdmsupport@@tue.nl.

Noie. answers in the biue boxes indicate that vour resaarch s eligibie for fast-frack approval Yes Mo
1 Wil the study involve discussion/collection/processing of regular personal data, or will you 4

collect and (temporarily) store wideo or voice recordings for the purpose of conducting

interviews?

Additional explanation: For example, nome, address, phone number, emoil oddress, P oddress, gender, cge, video or
inteniew recordings 2 If you are ot sure whether your dota contains personal dota, please contact the Dot Stewards
Team (rdmsupporti@iue.nl).

1A | If yes: Please describe which regular personal data you will | Audio recordings will be made during interviews
collect in this study? and will be temporarily be stored on the
researchers dewvices after which they are to be
deleted after processing (transcribing and
analysis).

Pictures will nof include any personal data but
only unidentifiable characteristics such as hands,
arms, back of heads etc.

The signed consent forms will include personal
data like their names and signatures but will be
stored safiely in the researchers home. These
signed forms will not be linked to specific
indiwiduals, therefore it will not be possible to link
the answers from interviews to specific people for
instance.

2 Will the study involve discussion/collection/processing of special category personal data or X
other sensitive data”

Additional explanation: Examples of special category personal data are race, religion, feqlth information, political
vigws, geretic of biometric doto for the unigue identificotion of o person, sexun! preference, etc. Health information
concerns personal dota of the physical or mental health of persons, including the provision of kealth care. Examples of
other sersitive data is informotion such as communication dota, financial records or credit scores, comerd surveiliance
dita, location/GPS duta, interret-of-things data, employee monitoring, observing or influercing bekaviour, crimmima!
records, data of vulnerable persons (children, people with disabilities, refugees), 85N rnumber etc. Flease be oware that
the use of specia! cotegory personal deio in researck requires extra security megsurements in order to sofeguord the
privacy of doto subfects and to comply with the GDPR. Processing of this special category doto is profibited, except for
specific purposes and under certain circumstances. If You need to process specinl category data, pleqse consult the dota
stewards of rdmsupport@iue.ml

2A | If yes: Please describe which special-category personal
data andfor sensitive data you will collect in this study?
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If vou answered ves fo eifher question T or 2, please answer the questions below. If yvou answered no fo both questions, you can
shig this part and confinue onfo part 6. Also, if an answer fo any of the folfowing questions is 'ves', please confact & Data Steward at
ramsunpod@ive ni

Yes Mo

3 Will wour project involve the processing of personal data on a large scale? ¥

Additional explenation: In general, ony processing that involves more thon I10.000 dota subjects should be considered
“large scale”. However, if the dota of approximately 1000 persons {or more) are involved, the doto processing may stil!
be considered lorge scole. In that cose, besides the number of persons involved in the study, one should olso ossess {1}
the amount of darg collected from these persons roking into cocount the tuperisk level of the personal dot, (i) the
duration of the doto processing, (i} the geographic scope or extent of the processing. For example, i vou would collect
and process dota aoross severa! European countries with 10+ socio-economic data items of 1200 individual persons for
several Years i 0 row, that is iikely Ylarge-scale processing”. Other examples of o large-scale processing artivity are:

. Monritoring driving behavior of road users on Dutch highways

. Collecting dota of Covid patients

* A hospital that processes patient dota as part of its usud! operations

* A tronsport company that processes trave! information of people who travel by public transport in @ certain oity.

For example, by tracking them through travel mops.

4 Cioes this processing activity involve the use of new or innovative technologies? ®
Examples of @ new techrology: combining fingerprints and focial recognition for physical access cortrol, the use of
bodyeams in public spaces, the use of new technical methods in conducting research such as A, This question also
refers to new technologies that have nat been deployed by T Ufe so far

5 Dioes your study involve systematic (c.g. automated) monitoring of persons? ®

Addirional explonation: Consider doin processing qoiivities that have the purpose of observing, momitoring or
corntrolling individuals, for example in circumstances where the individugls gre not oware by whom their personal dato
iz collected and how it is used. Examples of such Gotivities Ore Using CRMErG SYstems to monitor driving bekavior on
highways, monitoring emaill inactivity or employee phione use, certain applications of mackine learning and arificial
intelligence.

& Dioes the study invalve collaborations {with third parties) in which data are shared or exchanged ®
in order to link or combine data?

Additional explenation: This moy ofter gpply in @ colloboration between the university ond @ commercial party,
coftract research, etc. It is important to assess this for ot dota in the entire profect, rot just vour own doto.

Arn important consideration in this situotion ic whether the person whose doto is involved could hove expected that dota
From these different doroboses or sources of information were o be combined. For example, it is less likely for dota
subfects to expect that dorabases from different porties will be combined and the results ore used for different purposes
than one could reqsonably expect; this may apply for example in @ collaboration between the university and o
commerciol party.

K Wil the study include data processing activities that prevent data subjects from exercising their ®
rights or using a service or contract?

Additiong! explangtion: Examples include processing operations carried out in public places that people cannot avoid
(troir station, cirport, shopping mal|, public university premises, efc.) or processing opergtions whose purpose is to
aftow or ot allow detd subjects to wuse @ service or enter into @ contract (examples: by refusing to pay o berefit, rot
being able to apely for @ loan, etc.).

8 Will the study process personal data to score, rank or profile persons? %
Additional explonation: Examples: moritoring (Righway) rogds to give rogd users @ “score” based on their detected
driving behavior, o bank gssessing its customers based on their creditworthiness, or an organization building behaviora!
ard marketing profiles based on use of their website or navigating their website.

8 Dioes your data processing include activities that involves composing "blacklists” —and, in ®
particular, in relation to sensitive or special category data, such as communication data, financial
records or credit scores, genetic data, biometric data, health data, camera surveillance data,
location/GRFS data, internet-of-things data, employee monitoring, observing or influencing
behaviour, etc.

Additional explanation: This situgtion will not be @ common occurrence in resegrch, but you moy indirectly be involved
in this. I generdl, this typicolly concerns processing operations involving personal dota relating to crimingl convictions
and offerces, dete relating fo unlowful acts, dotg conrcerning urlewful or arroving behoviour or dote concerring bad
payment bekaviour by companies or individuals are processed and shored with third parties (blacklists or warning lists,
as used, for example, by insurers, hospitality companies shopoing companies, telecom providers as well as blacklists
retating to unlowfu! behovior of employvees, for example in the healthoore sector or by employment ogencies, efc.).
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Will personal data be transferred or shared outside the ELVEEAT ®
El data protection rules apply to the European Economic Area (EEA), which includes all EL
countries and non-EU countries Iceland, Liechtenstein and MNonway

Additional explanation: The GDFR has drafted additiona! requirements for transfers dota outside of the EU/EEA.
Typically, cdditioral safeguards must be implemented to protect the persona! dotg of residents in the European Union.
For example, if you collaborate with ar American, Indicn or Chirese university or other third perty outside the ELUYEEA,
vou must first check whether this s allowed and under which conditions this is allowed. Arother typical example is
storage of dot or American providers of cloud (storage) services. Please comtact the dota stewdrds first to discuss this.

Will any raw or anonymized personal data or any other sensitive data or research results from X
the project possibly be transferred to a high-risk country™?

*High risk countries: China, Russia, lran, Turkey, and North Korea.

If personal data or other potentiaily sensitive data is exchanged with one of these countries, or if part of the data
processing takes place in one of these countries: an advice from the Data Protection Officer, the

k isveiligheidsiy {knowledge Security team). and the CISQ {Chief information Security Officer) is AL WAYS
required.

Part 7: Data processing, storing and archiving

Is consent your legal basis for processing the personal data in your FHYes
study? O Mo
Additiona! exploration: What is o legal basis? One of main principles in the GDPR (s
to enstre thot personal dota s processed iowfilly, foidy, ard tronsparently. To
comply with this principle, the processing of persongl dota also reguires thot you
fiove @ valid legal basis for the persono! dota processing qoriviny

I research profects, the legal basis is often but not always consent. However, it (s
possible that it is not clear or not possible to establish whether to use consent as o
legal basis.

Some examples where consent may not be applicable as legal basis are covert
reserch, dota collection in public spaces, secondary data aralysis of existing dota,
doto that are transferred to you by @ third party, consent is not possible or would
require disproportionate effort, etc. In that cose, please indicote which lega! bosis
vou think that gpplies or {preferably) contact o dotg steword first.

If yes: Please briefly explain how you will obtain consent from The participants wil be asked to complete
participants and send in your draft of the information letter and the informed consent form and be given
consent statement together with this form. ¥ou can download a the opportunity to voice their questions to
suitable template here. resgarcher before participation.

If no: Please briefly explain on which legal basis - other than -
consent - you will process the personal data in your study.

In which way will you collect and process the (personal) data?

Additional exploration: Pleqse describe which software (e.q., LimeSurvey, Atlas Ti,
Quaitrics), tools (electroric {ob journals, information Monogement systems, etc. ),
technologies, apps or devices (internet-of- Things, Fitbit, etc), technigues
(monitoring, interview, survey), special data environments (e.g., Living Lab), etc. you
will use to collect or process data?

Where will the data and in particular the personal data be stored
during and after completion of the study? If you have already
uploaded your Data Management Plan, vou can refer to your Data
kanagement Flan

Additiona! explanation: Flease address the following:

. Where will you store your doto during the study ond gfter you have completed
the study ? University supported-storoge focilities ore SURFdrive, SURF
Research Drive, Ceph, departmental drives (this includes BE Froject Drive), and
the TU/e instance of Microsoft OreDrive. For most personal dota, the use of
SURF Research Drive, departmental drives fincluding BE Profect Drivel ond
SURFdrive is required.
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Which security measures are applied?

Additional explanation: Pleqse oddress these guestions:
. Is gecess to Your (persorcl) date restricted ? If ves, how (oocess control,
password protection, etc.}?
. Who will kave access to the dote during ond ofter completion of the study?
- Will vou aronymize or pseudonymize the dota?

. Is Bidocker [ Windows), FileVult (Mac) or similar kord-drive encryption cotive

oft your laptop?

- What wilt you do with the dote after vour project hos come to results 7 Do vou

reed to keep ot data?

- How lorg will you store the dota after completion of the project, or con/will
{port of} the data be destroved?

. Will your or your supervisor want to keep the data for new or future
resecrch/reuse? Wl you shore frow) doro with others 2 If ves, how crd how
doyou ensure that this (s secure ?

. If occess restrictions are required during and after the study, please explain
fiow this (s arronged.

The data used will be pseudonymized by
assigning each participant to a number
The data itself does nat include any
personal data

The consent forms will be stored until 6
months after the study is completed and
then destroyed. Mobody except the
researcher will have access to this and it
will be stored safely and securely in the
researchers home.

The pictures from the interaction with the
design probe will only include unidentifiable
characteristics (hands, arms, etc.) are
therefore notincluding any personal data.

After the completion of the project, the data
will be stored up to 6 months after the end
of the study for potential follow-up
studies/projects. This stored data will only
include the processed and pssudonymized
data. This data will be stored on the
researchers laptop and/or Microsoft
Onelrive/Teams.

The people who will have access to the
data in processed form are described in a
section earlier in this document. If the
project continues by other people and/for
my supervisor, only the processed data will
be accessible. Nobody, cther than the
researcher, will have access to the raw
data as this is destroyed upon processing
{e.q. taking out sensitive information).
Processed datawill only be transferred via
university used software (e.g. Microsoft
Teams andfor Cutlook) to make sure it is
safely shared.

Part 8: Closures and Signatures

Enclosures (tick IF applicable):

A Informed consent form;

O Informed consent form for other agencies when the research
is conducted at a location (such as a school);

O Text used for ads (to find participants);

O Text used for debriefings;

O Approwval other research ethics committes,

O The survey the participants need to complete, or a
description of other measuremsnts,;

B Any other information which might be relevant for decision
making by ERE;

O Data Protection Impact Assessment checked by the privacy
officer

- Informed consent form

- System Usability Scale (to be used for
measuring user satisfaction)

- Description of the design probe and
technology used
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O Data Management Flan checked by a data steward

Signature(s)
Signature(s) of researcher(s)

Date: 21/05/2023

Signature research supervisor (il applicatble)
Datel  22/05/2023
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Appendix A: Informed Consent Form

Informed consent form

This informed consent form before you entail the details of voluntary participation in a study
where you are asked to interact with the prototype and talk about your experience with it and its
potential for future use in secondary STEM education.

s | have read and understood the information of the corresponding information form for
participants.

= | have been given the opportunity to ask questions. My questions are sufficiently
answered, and | had sufficient time to decide whether | participate.

s | know that only the researcher (Laure Smits) has access to the data and that the
data will be stored locally for six months after the study.

s | know that my participation is completely voluntary. | know that | can refuse
participation and that | can stop participation at any time during the study, without giving
any reasons. | know that | can withdraw permission to use the data at any given moment
during the study.

s | agree with the voluntary participation of me in this study.

s | agree with the fact that this session is audio-recorded which is to be used for
analysis afterwards.

s | know that no information that can be used to personally identify or my responses in
this study will be shared with anyone outside of the research team.

Certificate of consent

L N AN ) .o et e e et e e
want and provide consent to participate in this study.

Signature here
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Appendix B: System Usability Scale

e o

Q.

I think that I would like to use this system frequently.

I found the system unnecessarily complex.

I thought the system was easy to use.

I think that I would need the support of a technical person to be able to use this system.
I found the various functions in this system were well integrated.

T thought there was too much inconsistency in this system.

I would imagine that most people would learn to use this system very quickly.

I found the system very cumbersome to use.

T felt very confident using the system.

I needed to learn a lot of things before I could get going with this system.
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Appendix B: Explanation Concept Design/Probe

The full design/probe is still in development, however it is possible to present the concept including the technology to
be used in this study.

The design was created to help with the topic Mowvement within secondary school physics (or similar named courses).
Upon the students introduction to the topic, they often are asked to do a series of exercises where they repeatedly use
the formula s=v*t and similar in different contexts. The probe was designed to make this process more fun,
motivational and engaging and to see in this study if that is actually the case.

The design includes technology created by Rong-Hao Liang. His publications and wideos to show how the technology
works are found here:

Link to published research paper: hitps/dl acm orgfdoi 1011453411764 3445214

ACM reference:

Rong-Hao Liang and Zengrong Guo. 2021, NFCSense: Data-Defined Rich-iD Motion Sensing for Fuent Tangibie Interaction Using a Commod iy
NFC Reader. in Froceedings of the 2024 CHI Conference on Human Factors in Computing Systems (CHI'21). Association for Computing
Machineny, New York NY, USA, Articke 505, 1—1 4 hitps:/d0iorgy 0,19 45/3411764 3445214

Links to wvideos about the paperftechnology:

hitps: fwiww youtube comdwatch?v=_ xsiMnz1ved
bttps fawe youtube comfwatch™=eP5VaiBaliCo
bttps M youtube comdwatch M =BnlExsbaghdn

He uses MFCtags and gives them special properties which makes him able to register all types of things when objects
are labeled with an NFC . With an NFC scanner or special screen (that has an integrated scanner), he is able to
measure things like velocity, frequency, order of objects, placement and more This was usedto create the following
concept which will be turned into a interactive prototype to be used in this study (see next page). The image aims to
illustrate how the design to be used will look like. The NFC tags and scanner are the emerging technology used in this
study together with the library Rong-Hao Liang created. These are already published items and are deemed safe to
use in the conditions of this study as NFC tags are not able to harm children in any likely way .

The design will feature several 20D representations of moveable objects such as cars, bikes, motor, limo, tractor and
maore. The other component will feature an NFC scanner in the form of one or more road systems (like a
neighborhood, a racetrack, a highway or similar). This combination allows students to explore concepts like velocity,
maximum distance or time during movement in a tangible and hands-on way

The design can be seen on the next page.
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This is a picture of the current design which will be used during this study.
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Appendix D — Educator Consent Form

Informed consent form

This informed consent form before you entail the details of voluntary participation in
a study where you are asked to interact with the prototype and talk about your
experience with it and its potential for future use in secondary STEM education.

« | have read and understood the information of the corresponding
information form for participants.

« | have been given the opportunity to ask questions. My questions are
sufficiently answered, and | had sufficient time to decide whether |
participate.

« | know that only the researcher (Laure Smits) has access to the data
and that the data will be stored locally for six months after the study.

« | know that my participation is completely voluntary. | know that | can
refuse participation and that | can stop participation at any time during the
study, without giving any reasons. | know that | can withdraw permission to
use the data at any given moment during the study.

« | agree with the voluntary participation of me in this study.

« | agree with the fact that this session is audio-recorded which is to be
used for analysis afterwards.

« | know that no information that can be used to personally identify or my

responses in this study will be shared with anyone outside of the research
team.

Certificate of consent

I, (NAME)

want and provide consent to participate in this study.




Appendix E — Full Research Session Set-Up

Deel 1: Informele Introductie

Deel 2: Ondertekenen Consent Form

Laat deelnemers de consent form ondertekenen.

Deel 3: Officiéle Introductie (lees dit voor)

Heel erg bedankt voor het meewerken aan dit deel van mijn onderzoek. Zoals al eerder
toegelicht is dit deel gewijd aan het testen van het product dat ik heb ontworpen, hierbij ben
ik benieuwd naar wat jullie ervaring hiermee is en de geschiktheid van zulke producten in het
onderwijs.

Dit is MOTIONZz, een product ontworpen voor het natuurkunde onderwerp: beweging. Het
doel van het product is om experimenteel leren naar het klaslokaal te brengen zodat
leerlingen hands-on kunnen leren over de verschillende concepten en theorieén binnen
beweging. Deze versie is gericht op onderbouw HAVO/VWO leerlingen die aan de hand van
een aantal werkbladen aan de slag kunnen met de stof waar ze over leren. Hier is dan
ruimte voor spelenderwijs en experimenteel leren door kleine experimentjes na te bootsen
op kleine schaal.

MOTIONz bestaat uit een aantal onderdelen; de voertuigen, de parkeerplaats waar ze
opgesteld staan en het snelheidstraject. Het snelheidstraject is in staat om de snelheid te
meten van de voertuigen die over het traject worden bewogen en geven dat weer op het
scherm. Omdat het traject maar op kleine schaal de snelheid meet, zie je op het scherm
straks twee snelheden. Eentje is de snelheid die de sensor meet en de ander laat zien wat
die snelheid zou zijn in de echte wereld, hij rekent het dus voor ons om. Die omgerekende
waardes gebruik je ook in je opdrachten.

Je kan de voertuigen bewegen over het traject om te zien wat de snelheid is. De werkbladen
geven je opdrachten per voertuig waarmee je aan de slag kan gaan met experimenteel en
hands-on leren. Je krijgt voor deze sessie de opdrachten over de rode raceauto. Na het
afronden van de opdracht kan je ook nog door de rest van de werkbladen kijken waarna we
doorgaan met de questionnaires en mini interview.

Deel 4: Usability Testing (15 min) (maak foto’s!)

1. Geef de deelnemers het werkblad, een los papiertje (voor de antwoorden), een pen
en een rekenmachine

2. Zet een stopwatch aan vanaf het moment dat ze beginnen.

3. Laat ze de opdrachten maken

4. Na voltooien mogen ze ook de andere werkbladen doorkijken en verder MOTIONz
ontdekken



Deel 5: SUS survey (geef ze de survey om in te vullen) (5 min)

Geef ze de SUS survey om in te vullen. De extra uitleg indien nodig kan ook worden gebruikt
tijdens dit gedeelte als de participanten nog vragen hebben over wat ze in moeten vullen.

Deel 6: UEQ survey (geef ze de survey om in te vullen) (5 min)

Geef ze de UEQ survey om in te vullen.

Deel 7: Semi-Structured Interview (zet de audio recording aan) (7 min)

Stel de onderstaande vragen aan de participanten.

1. Kun je je algemene ervaring met het product beschrijven?

2. Welke aspecten van het product vond je met name nuttig of waardevol in de context
van educatie?

3. Waren er specifieke functies of mogelijkheden die je opvielen? Zo ja, waarom?

4. Kwam je uitdagingen of moeilijkheden tegen bij het gebruik van het product? Zo ja,
kun je deze toelichten?

5. Hoe zou je het product beschrijven wat betreft gebruiksgemak en intuitiviteit?

6. Hoe verhoudt een lesmateriaal als dit product zich tot lesmaterialen die je normaal of
in het verleden hebt gebruikt?
7. Denk je dat dit product geschikt is voor het onderwijs dat jullie aanbieden of willen
aanbieden?
8. Denk je dat leerlingen dit product vaker zouden willen gebruiken?
9. Wat denk je dat de impact van dit product is op de leerervaring van leerlingen?
a. Denk je dat die beter, hetzelfde of slechter zou zijn?
10. Kun je specifieke scenario's of contexten bedenken waarin het product het meest
nuttig of waardevol zou zijn voor leerlingen?
11. Denk je dat dit product beter de leerbehoeftes van leerlingen kan vervullen dan de
huidige lesmaterialen?
a. Of denk je dat het eerder een goede aanvulling is?
12. Zou jij dit product zelf gebruiken in je lessen?
a. Of wat zou je nodig hebben voordat je het zou gebruiken?

13. Kun je suggesties of ideeén geven om de bruikbaarheid, gebruikerservaring of iets
anders van het product te verbeteren?

14. Is er nog iets anders dat je wilt delen over je ervaring met het product of nog een
suggestie die je zou willen meegeven?

Deel 7: Vragen voor mij (lees dit voor)

Heb je eventueel nog vragen voor mij of andere dingen die je nog zou willen delen?

Deel 8: Bedanken & Afronding



Appendix F — System Usability Scale

The System Usability Scale (SUS) was used post-task during the sessions. The original version was
translated into Dutch which resulted in the questionnaire below. An extra set of explanations was
created (next page) to help participants with understanding the question as it was intended.

Reference: Brooke, J. (1986). System usability scale (SUS): a quick-and-dirty method of system
evaluation user information. Reading, UK: Digital equipment co Itd, 43, 1-7.

1) Ik denk dat ik dit product vaker zou willen gebruiken.

Volledig mee oneens Mee oneens Neutraal Mee eens Volledig mee eens

2) Ik vond het product onnodig complex.

Volledig mee oneens Mee oneens Neutraal Mee eens Volledig mee eens

3) Ik vond het product gemakkelijk te gebruiken.

Volledig mee oneens Mee oneens Neutraal Mee eens Volledig mee eens

4) Ik denk dat ik de ondersteuning van een technisch persoon nodig zou hebben om dit
product te kunnen gebruiken.

Volledig mee oneens Mee oneens Neutraal Mee eens Volledig mee eens

5) Ik vond de verschillende functies in dit product goed geintegreerd.

Volledig mee oneens Mee oneens Neutraal Mee eens Volledig mee eens

6) Ik vond dat er te veel inconsistentie was in dit product.

Volledig mee oneens Mee oneens Neutraal Mee eens Volledig mee eens

7) Ik kan me voorstellen dat de meeste mensen dit product heel snel zouden leren
gebruiken.

Volledig mee oneens Mee oneens Neutraal Mee eens Volledig mee eens

8) Ik vond het product erg omslachtig om te gebruiken.

Volledig mee oneens Mee oneens Neutraal Mee eens Volledig mee eens

9) Ik voelde me erg zelfverzekerd bij het gebruik van het product.

Volledig mee oneens Mee oneens Neutraal Mee eens Volledig mee eens

10) Ik moest veel dingen leren voordat ik aan de slag kon met dit product.

Volledig mee oneens Mee oneens Neutraal Mee eens Volledig mee eens




Extra uitleg (indien nodig)

1. Ik zou dit product vaker in mijn onderwijs willen gebruiken
2. lkvind het product te moeilijk te begrijpen zonder dat ik daar een reden voor zie

3. -

5. Ik vind dat alle onderdelen en doelen van het product goed zijn samengevoegd in dit
ontwerp

6. Ik vind dat sommige onderdelen of doelen veel verschillen van elkaar waardoor er
een verschil ontstaat van hoe goed het werkt, eruit ziet, etc.

7. 1k denk dat mensen dit makkelijk kunnen leren te gebruiken

8. lkvind het product onhandig, ingewikkeld of tijdrovend is in gebruik

9. -

10. Ik moest veel voorkennis nodig hebben om dit product te begrijpen en gebruiken



Appendix G — User Experience Questionnaire

A User Experience Questionnaire (UEQ) was used to gain further insight into the user experience of
MOTIONz. The Dutch UEQ was used which can be found on the pages below. Both the item-list and
analysis tools used to analyze the results are from the original authors/creators, see reference below.

Reference: Laugwitz, B., Schrepp, M. & Held, T. (2008). Construction and evaluation of a user
experience questionnaire. In: Holzinger, A. (Ed.): USAB 2008, LNCS 5298, pp. 63-76.

Website: https://www.ueg-online.org/ (holds links to all files and tools for the UEQ)

Maak dan nu uw evaluatie.

Voor de beoordeling van het product, vragen we u de onderstaande
vragenlijst in te vullen. De vragenlijst bestaat uit twee tegengestelde
eigenschappen die van toepassing zijn op het product. De rondjes staan voor
verschillende gradaties. U kunt uw beoordeling geven door het rondje, die het
meest uw indruk weerspiegelt, aan te vinken.

Voorbeeld:

aantrekkelijk © ® O O O O O onaantrekkelijk

Dit antwoord zou betekenen dat u het product beoordeelt als meer
aantrekkelijk dan onaantrekkelijk.

Graag uw eerst ingeving invullen. Wacht niet te lang met invullen om te
voorkomen dat u gaat twijfelen over uw eerste ingeving.

Soms bent u misschien niet helemaal zeker van uw antwoord of u vindt de
eigenschap niet volledig van toepassing, kruis dan toch een rondje aan.

Het is uw mening die telt. Let op: er is geen goed of fout antwoord!


https://www.ueq-online.org/

Gelieve beocordeel het product nu door het aanvinken van een rondje per

regel.

onplezierig
onbegrijpelijk
creatief
makkelijk te leren
waardevol
vervelend
oninteressant
onvoorspelbaar
snel

origineel
belemmerend
goed

complex
afstotend
gebruikelijk
onaangenaam
vertrouwd
motiverend
volgens verwachtingen
inefficiént
overzichtelijk
onpraktisch
ordelijk
aantrekkelijk
aardig
conservatief

OO 0000000000000 0O0O0000O0O0O0OO0O0
OO0 0000000000000 0O0O00C00O0O0O0O0O0OOo
OO0 0000000000000 0OO0O00O00O0O0OO0OO0Oo
OO0 000000000000 00O0O0O000O0O0O0OO0O0
OO0 0000000000000 O0OO00C0O000O0O0OO0OO0O0o
OO0 0000000000000 0O0O00O00O0O0O0OO0O0o

OO0 000000000000 00O0O0000OL0O0O0OO0Oo

plezierig
begrijpelijk
saai

moeilijk te leren
inferieur
spannend
interessant
voorspelbaar
langzaam
conventioneel
ondersteunend
slecht
eenvoudig
aantrekkelijk
nieuw
aangenaam
niet vertrouwd

demotiverend

niet volgens verwachtingen

efficiént
verwarrend
praktisch
rommelig
onaantrekkelijk
ohaardig
innovatief



Appendix H — Semi-Structured Interview Question

List

A list of questions was created to further elaborate on the usability and user experience of the
project as well as to assess its suitability for education. The list elaborates on several of the
quantitative questions asked in the SUS and UEQ questionnaires but rather aims to open up a
conversation about them to gain more in-depth insights. (All questions are in Dutch)

15.
16.

17.
18.

19.
20.

21.

22.
23.

24.

25.

26.

27.

28.

Kun je je algemene ervaring met het product beschrijven?
Welke aspecten van het product vond je met name nuttig of waardevol in de context van
educatie?
Waren er specifieke functies of mogelijkheden die je opvielen? Zo ja, waarom?
Kwam je uitdagingen of moeilijkheden tegen bij het gebruik van het product? Zo ja, kun je
deze toelichten?
Hoe zou je het product beschrijven wat betreft gebruiksgemak en intuitiviteit?
Hoe verhoudt een lesmateriaal als dit product zich tot lesmaterialen die je normaal of in het
verleden hebt gebruikt?
Denk je dat dit product geschikt is voor het onderwijs dat jullie aanbieden of willen
aanbieden?
Denk je dat leerlingen dit product vaker zouden willen gebruiken?
Wat denk je dat de impact van dit product is op de leerervaring van leerlingen?

a. Denk je dat die beter, hetzelfde of slechter zou zijn?
Kun je specifieke scenario's of contexten bedenken waarin het product het meest nuttig of
waardevol zou zijn voor leerlingen?
Denk je dat dit product beter de leerbehoeftes van leerlingen kan vervullen dan de huidige
lesmaterialen?

a. Of denk je dat het eerder een goede aanvulling is?
Zou jij dit product zelf gebruiken in je lessen?

a. Of wat zou je nodig hebben voordat je het zou gebruiken?
Kun je suggesties of ideeén geven om de bruikbaarheid, gebruikerservaring of iets anders
van het product te verbeteren?
Is er nog iets anders dat je wilt delen over je ervaring met het product of nog een suggestie
die je zou willen meegeven?



nieuwe huis.

Grafiek A is een versimpelde

Appendix I — Final Worksheets

DE BLAUWE TRUCK

2200

Alex is aan het verhuizen en gebruikt 2000
de truck van haar vader om al haar 1800 /
spullen te verplaatsen naar het 1800 /

1400

1200

afstand-tijd diagram van een 1000
ritje van het oude naar het 800
nieuwe huis dat ze aflegt. 600
400
/
200/

10 20 30 40 50 60 70 80 90 100 MO
Grafiek A

Leg uit hoe je aan de grafiek kan zien dat ze haar spullen aan het uitladen
is in haar nieuwe huis.

. Meet een aantal keer de snelheid van de truck.

(beweeg de truck over de weg totdat je 3 verschillende snelheidsmetingen hebt verzameld)
A. Bereken met de snelheidsmetingen de gemiddelde snelheid van de truck.

B. Komt de gemiddelde snelheid overeen met de gemiddelde snelheid in
grafiek A?

(leg uit welke stappen je hebt genomen om dit te bepalen)

. Alex's partner heeft ook een truck van iemand geleent die toevallig heel
veel lijkt op de truck van Alex. Haar partner rijd alleen veel harder dan Alex,
meet en bereken de topsnelheid die truck kan bereiken.

A. De topsnelheid van de truck is wel veel hoger dan de maximum
toegestane snelheid, dus Alex’s partner rijd iets langzamer. Haar partner
komt 20 seconden eerder aan, wat is de gemiddelde snelheid van
de partner?

(gebruik de grafiek om de afstand te bepalen en daarmee de gemiddelde snelheid)

MOTION



DE GROENE VRACHTWAGEN

Vrachtwagenchaffeur Finn rijd elke
dag van Eindhoven naar Frankfurt

om groente en fruit op te halen. rvh"-""::,,' f—
Na het laden, rijdt hij weer g‘m,ﬂ%%mn . F @‘ﬁ"
2 L5 )y GROENTEN EN FRUIT, r\

terug naar Eindhoven.

Figuur 1: Finn's Vrachtwagen

1. Meet en bereken de gemiddelde snelheid van zijn vrachtwagen.
(meet minimaal 3 keer zijn snelheid en bereken daarna de gemiddelde snelheid)

2. Op de heenweg legt Finn ongeveer 350 kilometer af.

A. Hoelang doet hij erover met zijn gemiddelde snelheid
om in Frankfurt te komen?

(ga ervanuit dat hij de gehele weg zijn gemiddelde snelheid rijdt en geef antwoord in minuten)

B. Finn moet twee verplichte pauzes van 30 minuten houden op de
heen én de terugweg. Met de pauzes erbij, hoelang doet hij in totaal
over zijn reis?

C. Maak van zijn gehele reis een s,t-diagram, waarbij het laden in Frankfurt
1 uur duurt.

MOTION



DE RODE RACEAUTO

Devon is al jaren een fan van race auto’s en
mag nu eindelijk een keer een ritje maken
op het circuit van Zandvoort.

Figuur 1is een plaatje van het
circuit en de baan die word
afgelegd tijdens een rondje.

Figuur 1:
Circuit van Zandvoort

1. Meet de topsnelheid die de auto kan bereiken.

(meet minimaal 3 keer om de topsnelheid te vinden)

2. Als1rondje rijden 66 seconden duurt, hoeveel afstand legt Devon in de
raceauto af op topsnelheid?

(neem aan dat de auto tijdens het hele rondje op topsnelheid rijd)

3. Tussendoor moet Devon ook even stoppen in de pitstraat om de banden
te laten wisselen.
A. Hier moet de auto zo langzaam mogelijk rijden voor de veiligheid van
alle mensen om de auto heen, wat is de laagst mogelijke snelheid
die de auto kan rijden?

(meet minimaal 3x de snelheid van de auto voordat je antwoord geeft)

B. De pitstraat is 100m lang en het wisselen van de banden duurt 5
seconden. Hoelang doet Devon in totaal over door de pitstraat rijden
met de laagst mogelijke snelheid?

(tijdens het wisselen van de banden is Devon's snelheid 0 km/h, ga er vanuit dat de rest

van de tijd de auto in de pitstraat op de laagst mogelijke snelheid rijd)

MOTION



Malou is pakketbezorger en rijd in haar
postbusje door de Eindhovense wijken 18
om alles netjes af te leveren. "

Een vriend van haar, Rafi, heeft

een v,t-diagram gemaakt van 2
haar route in de wijk Gestel, 10
zie grafiek A, waarbij ze drie 8

pakketjes heeft bezorgd.

50 100 150 200 250 300 350 400 450 500 550

Grafiek A: Rafi's Diagram

1. Meet een aantal keer de snelheid van het postbusje.

(beweeg het postbusje over de weg totdat je 3 verschillende snelheidsmetingen hebt verzameld)

A. Bereken met de snelheidsmetingen de gemiddelde snelheid van
het postbusije.

2. Ga na of de grafiek die Rafi heeft gemaakt wel de juiste snelheden heeft.

(doe dit door Vgem uit vraag 1 te vergelijken met Vgem in de grafiek)

3. Hoeveel afstand legt Malou af tijdens haar rondje in Gestel volgens
Rafi's Diagram?

4. Malou rijd elke ochtend langs 5 verschillende wijken. Als ze van wijk naar
wijk rijd mag ze veel harder rijden. Wat is de topsnelheid die Malou dan
zou kunnen bereiken?

A. Malou doet ongeveer 5 minuten erover om van wijk naar wijk te rijden,
hoeveel kilometer legt ze dan op een dag af als ze op topsnelheid
zou rijden?

(ga ervan uit dat ze begint vanaf het postcentrum en nog naar de eerste wijk moet rijden, tel die wijk als wijk 1)

MOTION



Appendix J — Original Research Framing & Set-Up

How do embodied tangibles influence the understanding of physics
phenomena in secondary STEM education?

Why?

- Teachers express a need for more practice-based learning
o Being able to practice the theory/concepts in real-life
o Experimenting with concepts to being able to understand it better
o Being able to relate theory to the real world around them (the students)
o Being able to diversify teaching
» They are currently not able to do that as not all topics are able to be
‘translated’ into experiments
o There is room for experimental learning but ... (see next point)
o They feel there would be lots of benefits for more practice-based learning for the
students
»  Students motivation, engagement and enjoyment can increase
* But also their cognitive abilities in the subject
- Teachers have a lack of time/creativity creating these things on their own
o There is a need for something to be implemented in the current curriculum
o There is a want for extra tools to be used in class but without having to put too
much time in it themselves (the teachers)
o It can be hard to think of new creative ways of teaching with a lack of time
- STEM education in the Netherlands
o Does not have a lot of experimental or practice-based learning
o In the lower grades contains a lot of repetition to ‘learn’ concepts & theory
o Does have the flexibility to play around with topics, concepts and theory in class
o Does mostly consist of Physics & Math
- Physics is currently
o Mostly focused on teaching theory and concepts
= Rather than experimenting with them or playing with them
o Mostly completing exercises from the books
o Being taught in a very traditional way
» Instruction for the class (with a powerpoint to support), then making
exercises
- Tangibles can provide the medium of facilitating theory to practice
o Also can provide several other benefits:
= Engagement
= Motivation
= Enjoyment
=  Cognitive abilities
o Itisalso able to represent bigger things on a smaller scale
= Like vehicles (cars, trucks, airplanes and more)
*  But they can also be representations of certain abstract or intangible
concepts



(potential) benefits of doing this study

Improving current educational practices through design
o Without disrupting the curriculum
Being able to bring real world concepts to the classroom
o And guide designers on how to do this
Showing there is a benefit to practicing concepts students are taught in experimental
sessions/lessons
Being able to share how to translate theory into practicable concepts
Showing the (potential) educational impact of experimental learning

How? (potential options)

Self-reports

Self-estimates

Worksheet results

Questionnaire before and after activity
Semi-structured interview

Related Work

These are some of the papers I found that relate to my work in some way. I have included them here
but if you have more suggestions, let me know!

Tangibles in Educational Contexts

Xie, L., Antle, A. N., & Motamedi, N. (2008, February). Are tangibles more fun? Comparing children's
enjoyment and engagement using physical, graphical and tangible user interfaces. In Proceedings of
the 2nd international conference on Tangible and embedded interaction (pp. 191-198).

Zaman, B., Vanden Abeele, V., Markopoulos, P., & Marshall, P. (2012). the evolving field of tangible
interaction for children: the challenge of empirical validation. Personal and Ubiquitous

Computing, 16, 367-378.

Marshall, P. (2007, February). Do tangible interfaces enhance learning?. In Proceedings of the 1st
International conference on Tangible and embedded interaction (pp. 163-170).

O'Malley, C., & Fraser, D. S. (2004). Literature review in learning with tangible technologies.

Antle, A. N., & Wise, A. F. (2013). Getting down to details: Using theories of cognition and learning to
inform tangible user interface design. Interacting with Computers, 251), 1-20.

Zuckerman, O., Arida, S., & Resnick, M. (2005, April). Extending tangible interfaces for education:
digital montessori-inspired manipulatives. In Proceedings of the SIGCHI conference on Human
factors in computing systems (pp. 859-868).

STEM Education

August, S. E., Neyer, A., Murphy, D. B., & Thames, R. Q. (2011, June). Engaging students in STEM
education through a virtual learning lab. In 2011 ASEE Annual Conference & Exposition (pp. 22-573).
Thibaut, L., Ceuppens, S., De Loof, H., De Meester, J., Goovaerts, L., Struyf, A., ... & Depaepe, F.
(2018). Integrated STEM education: A systematic review of instructional practices in secondary
education. European Journal of STEM Education, 3(1), 2.

Brown, J. (2012). The current status of STEM education research. Journal of STEM Education:
Innovations and Research, 13(5).



(Measuring) Understanding/Cognitive Abilities

Self-reporting abilities before and after the activity in combination with the answers from
the practice sheet (which is completed during the exercise)
Rasch Model
o Still unsure if this possible as it reports on the correlation between difficulty and
performance and I am not so focused on difficulty levels, but thought it might be
good to still include it in the search
Woodcock/Johnson test of Cognitive Abilities
o Have not been able to find a list of them so unsure if they are really suitable but
several papers recommended them
* They also named these to be similar: Stanford-Binet, Wechsler Intelligence
Related papers I found:
o Widhiarso, W. (2014). Relationship between cognitive ability and accurate self-
reporting. Journal of Educational Sciences and Psychology, 14(2), 85-95.
o Greene, B. A. (2015). Measuring cognitive engagement with self-report scales: Reflections
from over 20 years of research. Educational Psychologist, 5(1), 14-30.
o Crooks, N. M., & Alibali, M. W. (2014). Defining and measuring conceptual knowledge in
mathematics. Developmental review, 34(4), 344-377.
o Sands, D., Parker, M., Hedgeland, H., Jordan, S., & Galloway, R. (2018). Using concept
inventories to measure understanding. Higher Education Pedagogies, 3(1), 173-182.
o Read,]. C., & MacFarlane, S. (2006, June). Using the fun toolkit and other survey methods to
gather opinions in child computer interaction. In Proceedings of the 2006 conference on
Interaction design and children (pp. 81-88).

I think I will use a mixed method approach as lots of the tools out there are quantitative but I would
like to use qualitative data to be able fo explain it and inform about the potential of such a design.





