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Current Practices in Teaching Computational Thinking to Children:
Accessibility is an AfterThought

MARTA CARVALHO, LASIGE, Faculdade de Ciências, Universidade de Lisboa, Portugal

FILIPA ROCHA, LASIGE, Faculdade de Ciências, Universidade de Lisboa, Portugal

JOÃO GUERREIRO, LASIGE, Faculdade de Ciências, Universidade de Lisboa, Portugal

HUGO NICOLAU, ITI/LARSyS, Instituto Superior Técnico, Universidade de Lisboa, Portugal

TIAGO GUERREIRO, LASIGE, Faculdade de Ciências, Universidade de Lisboa, Portugal

ANA C. PIRES, LASIGE, Faculdade de Ciências, Universidade de Lisboa, Portugal

Recognition of computational thinking as a relevant skill set has increased its prevalence in school curricula, and the number of
coding platforms and kits available. The inaccessibility of the latter has been a focus of recent attention resulting in the emergence of
accessible approaches. Conversely, there has been limited attention to activities, how training platforms are being used in curricular
practice, and how they are being adapted for children with disabilities. We present findings from a qualitative interview study with 6
IT instructors depicting their practices, experiences, and their views towards an inclusive future classroom.
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1 INTRODUCTION

Teaching computing skills to children has emerged as a STEM discipline in school curricula. Computational Thinking is
now considered a crucial skill for young children to foster their creativity, social and emotional abilities, and critical
and logical thinking. In addition, children change their perspectives when learning new methodologies, which results
in an overall enrichment in a variety of learning subjects [6, 18].

There is a growing number of virtual (software) [4, 5, 16] and tangible (e.g., robotic) [2, 8] programming environments
to teach computational concepts – such as sequences, operations, and iterations – to children. For instance, tangibles
are known to facilitate the understanding of abstract concepts with a hands-on approach enabling children to map
structural and cognitive connections and develop refined motor actions, and tactile perception [10, 17, 19]. Robots, in
particular, can also boost motivation and engage children in science and technology [1, 3, 15]. While some of these
programming environments are already being used in schools, prior research has reported numerous accessibility
concerns as most cannot be used by children with disabilities. For instance, a main focus on visual feedback makes
interaction very difficult – if not impossible – for children with visual impairments [9, 11, 14, 15]. As a result, novel
research prototypes that leverage and promote other senses and abilities have been implemented [7, 12, 13]. Despite the
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emergence of innovative solutions, these are mostly available in research contexts and therefore it is not clear how
instructors are currently teaching computational skills to children with disabilities.

In this paper, we explore the current strategies employed to teach computational concepts to young children, by
interviewing six IT instructors from different schools in Portugal. In particular, we wanted to understand their teaching
strategies, what concepts they teach and which methods they found most important. Most importantly, we wanted to
understand their prior experiences teaching children with disabilities, the technological barriers they (and children)
face, and their vision for an inclusive classroom.

2 METHOD

We conducted in-person interviews with six IT instructors, aged between 22 and 57, teaching computing classes (P1-6)
to children with ages ranging from 6 to 12 years old. Their experience in computing/programming ranged from 1 to
37 years. While two of them were teaching mainstream classes, four only had experience in extracurricular courses.
Mainstream classes had an average of 30 children in the classroom, whereas extracurricular classes had 3-12 children in
the same room. All the conducted interviews were audio-recorded and transcribed along with emotional expressions.
Data was then subject to a thematic analysis.

3 FINDINGS

3.1 Practices and Strategies in Teaching Computational Concepts

Teaching Strategies All of them found that presenting the goal of the lesson at the start of class was helpful to students:
“I would say what we were going to do, a game, an app, that the goal was that" (P4). Four out of six instructors mentioned
that the lesson plan should start with basic concepts and as the class evolves the complexity would also increase: “We

start with very short things and as the year goes on [...] the more complex the task would be" (P5). P1 and P5 prefer having
short-term projects to teach a concept that students then have to apply and P3, P4 and P6 start by giving a challenge
where children need to understand the concept they are going to use: “I would try to explain a lot... make them feel they

really need to know [that concept]" (P3).
Connection to Real-World Experiences All IT instructors highlighted the importance of making associations to

the real-world and daily life: “Everything we can explain with things from daily-life, I think it’s easier for children" (P6).
For instance, P1 describes an example “[the robot] count, for example, if you were a firefighter, [...] how many people are

in that building, to let you know how many people need to be saved. [...] because [the robot...] is on a mission and we’re not

seeing what dash is seeing, it needs to count the number of [people] detected with its sensors and return that value to us".
Exploration and Use of Concrete material To introduce programming concepts, two participants said they

first started with an exploratory class, “the first lesson is the exploratory lesson [...] explore and teach me what you

have discovered" (P2). The participants mentioned when learning a new concept “more concrete examples help them

understand"(P6). P3 mentioned that “I always try to fit in with what they like and with real life. And always making

associations of concepts with other things that are easier for them to understand.". P5 also highlighted that she makes
children use their body to reinforce this connection to real-world knowledge “[...] another thing I do [...] is using the
body so that they can minimally dimension the space, namely, for example, doing routines of [... ] walking around this table

[...] in which they have to schematize the number of steps, so they understand how many steps, their foot size.".
They also mentioned that the use of concrete material in teaching has several advantages, in particular, facilitating

abstraction and allowing to “interact with the environment, with the inputs themselves"(P1); and “the robot allows
2
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visualization of the output" (P1). One of the participants also mentioned that tangibles excite students, and: “they would

get motivated and learn more easily" (P3).
Analogies to Previous Knowledge All IT instructors mentioned the importance of using analogies for teaching

programming concepts, especially complex ones. P2 emphasized that “the little ones have this need to relate everything
they learn with something they already know” - P2.

One of the most mentioned analogies by instructors was related to teaching the concept of variable, for instance, P4
that uses a box of pens/beads, and explains to children “this is a box, it keeps things, but only keeps one at a time” or P1
that explains: “the pants pocket can be a variable, and therefore I keep putting cards in my pocket to count the number of

trees I saw and therefore my pocket serves as a variable [...] I put cards whenever I see something, I can go putting cards or

taking cards out of my pocket. And so I get to the end and I know how many trees I saw because I count the number of cards

[...] and this is a variable.
P2 said that to teach the concept of algorithm, she use the analogy of the cake recipe, of changing a light bulb, the

GPS: “GPS teaches you the way, street by street, go that way,[...] he is teaching you the algorithm”. P1 referred to the
glossary for teaching the loop, a book about a cat looking for mysteries for debugging, a deck of cards and library
for sorting, recipes for algorithms and functions and song-chorus also. For instance, P1 uses a storybook to explain
debugging: “a kitten who was very curious and was always solving mysteries, to explain what debugging was. [...] When

debugging we are always looking for clues and trying to solve, improve, and we are always trying to see how the program

improves”.

3.2 Accessibility of Computing Classes

Accessibility is an AfterThough. All participants stated that accessibility was not a particular concern in their
classes, even though they all had taught students with special needs. Their experience was mainly related to children
with a Functional Neurological Disorder such as Autism Spectrum Disorder, Attention Deficit Hyperactivity Disorder
and Asperger Syndrome, and few had experience with children with sensory impairments, such as children with hearing
or with visual impairments. IT instructors mentioned that besides the fact that technology is not accessible yet for
children with special needs, IT instructors do not have special training (although they have the support of special needs
(SNE) educators in reference schools) to provide children with an optimal learning experience. Participants referred to a
lack of pedagogical training which lead them to adapt their classes based on their prior experience and SNE suggestions.

Participants mentioned that their lesson plan was visually demanding and acknowledged that their classes were not
inclusive, mentioning that they did not have the tools to be accessible for children with vision impairments: “The course
I was teaching was not accessible at all (...) because it was very visual.. the components, everything"(P3).

Teaching children with mixed-abilities. All participants mentioned that each child and class were different and
they preferred to adopt strategies for students with greater difficulties (whether they have disabilities or not) – such as
giving extra time or assigning pairs with different knowledge levels – rather than reducing the content: “So I am not

being reductive in terms of subject matter, the only thing I’m giving them is more time" (P5). Overall, the general class
dynamics did not change due to having students with disabilities, but participants mentioned several approaches, with
different levels of inclusiveness, such as having “his father was always with him" -P1, “assigning a pair is often a good

idea. There is the concept of pair programming" -P2; move the student to a class of a lower level “pass him on to the kids

class which is something more visual" - P6; and give the student the freedom to manage their time autonomously,“in a

more autonomous way on his part, he would explore things on his own" -P3.

3
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Although participants mentioned they have previously taught students with hearing, visual or motor disabilities, they
did not have much experience doing it and the necessary tools, such as accessible hardware. In those cases, students
used their own tools, such as a “laptop because it had software that had a much better magnifying glass than ours alongside

a specified color scheme" (P2); and “an adapted mouse" (P4) for a student with a motor impairment.
Tangibles for accessibility All instructors highlighted the potential of tangibles to teach computational concepts.

When talking about children with disabilities, participants focused mostly on the advantages for children with visual
impairments. In particular, tangibles have the potential for multimodal feedback, which may ensure solutions that
fit classes with children with mixed-abilities. P1 highlighted that children with visual impairments could leverage
both touch and sound, for instance when interacting with a robot: “the robot moves and they go after it and change

positions". As an interactive tool, robots can also support multiple functions that children can program themselves:
“children can program the sound [...] also have lights" (P1). In addition, robots were mentioned also as a way to promote
“collaboration between colleagues" (P5). In fact, tangibles in general may be an important tool to promote collaboration
between mixed-ability students, as long as it is available to all students.

Another advantage of tangibles is to provide a physical history of actions, which may be beneficial for children to
keep track of prior actions and to be always aware of the context.

4 CONCLUSION

We interviewed six instructors to investigate the current strategies for teaching computing skills to children aged 5-12
years old. Particularly, we aimed to understand what concepts are taught and how. Furthermore, our goal was to get
their perspectives on accessibility by going through their prior experiences with children with disabilities, focusing on
the methods used to teach children with mixed-abilities.

All participants had different experiences and, therefore, unique teaching strategies and approaches. Thus, future
tools and technologies should strive for flexibility to accommodate multiple teaching practices. Nevertheless, instructors
often start with fundamental concepts such as sequences and conditionals, and progressively move to more complex
ones, like debugging, variables, and functions. IT instructors afford children to explore the coding environment and
to use concrete material to facilitate abstraction. They mentioned the importance of connecting the learning goals to
real-world experiences and of using analogies to children’s previous knowledge to facilitate young children’s learning
and engagement. Future technology developments should explore the connections between children with real-world
experiences, analogies to children’s previous knowledge and the use of concrete objects. IT instructors adapt their
classes depending on the students, their difficulties and special needs, consistently suggesting accommodations for
children with special needs. They preferred to adapt tasks, and the duration of an activity, and use different tools rather
than reduce the content or the concepts to be taught. However, they acknowledged that current practices are not suited
for the inclusion of children with special needs since the tools and materials are not accessible.

All participants saw the potential in adopting tangibles as a teaching and inclusion tool for mixed-ability classes,
particularly robots. Instructors highlighted that tangibles are engaging and motivational for children, promote col-
laboration within the classroom, and allow children with (visual) impairments to better contextualize what they are
programming.
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