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Programming education is strongly emerging in elementary and high school. Diversity and inclusion are
important topics, however, insights on suited programming materials for younger learners with visual im-
pairments are lacking. A wide range of programming materials for children exists, diverse in both what is
being programmed (output) and how this is done (input), yet often relying on visual features. An understand-
ing of the usability and accessibility aspects of these different materials is important to inform educational
practice and to increase understanding of what makes programming materials suited for low vision and blind
children. The aim of this study is to explore the usability and accessibility of programming materials currently
used in education to low vision and blind children in the Netherlands. A focus group was conducted with
six teachers or IT experts, all working with the target group in special education. The thematic analysis of
the discussion of 25 materials (including unplugged lessons, robots and robotic kits, block-based and text-
based languages) showed the potential of several materials, especially unplugged lessons, and the continuing
search for suited materials and workforms specifically for the blind children. Furthermore, prioritizing “fun”
and close connections to children’s daily life as well as careful explorations of usability at the cognitive level
came forward as important factors for future research and development in programming materials for low
vision and blind children. These insights can contribute to obtaining an inclusive approach to programming
for young learners.
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1 INTRODUCTION

Programming is being increasingly frequently taught in both elementary and high school, result-
ing in the development of tools and kits, which can generally be referred to as “programming ma-
terials”, targeting this population. Diversity and inclusion have become important topics in this
trend. Although this includes learners with visual impairments [18, 33], specifically younger low
vision and blind children remain underrepresented [22]. Most research has focused on possibilities
and challenges in text-based programming, relevant for the older learners of this group at the high
school and undergraduate level [48]. Attention is starting to be paid to the younger learners (at the
elementary school level, up to around 12 years of age) in the form of exploring the possibilities for
children with visual impairments of popular educational programming tools such as the Bee-bot
or Lego-tools [22], tangible environments in general [38] as well as the development of promising
accessible tools (see for example [32, 33]). Most previous research however targets a specific ma-
terial, whereas a wide range of often different materials are available and currently being applied
in educational practice [56]. A broad exploration of the usability of this range of diverse materials
directly from the experience of their use in the context of educational practice, can serve two main
purposes. First, it can facilitate insights into how the currently in use materials promote or hinder
inclusion within their application in educational practice. This can be helpful for future research
on and development of usable materials. Second, it provides directly applicable suggestions for
teachers working with a child with a visual impairment who have such materials available.

The aim of this study is to explore the experiences and perceptions of teachers in the Netherlands
on the usability and accessibility of programming materials, currently used in education for chil-
dren with visual impairments. The diversity of the group of children with visual impairments, the
wide range of materials available, as well as the current state of programming education (having
been on the rise for a while yet continuing to be in an exploring phase, without a fixed curriculum
being available) together forms a complex topic which asks for different insights to investigate
and build on. Teachers working with low vision and blind children have unique and comprehen-
sive insights into the suitedness of programming materials for these children within the context
of their daily educational practice. Consequently, an open discussion of experiences of teachers
in the form of a focus group can be a valuable contribute to generate views and ideas directly
from practice, that can add to both further research and development and the practice itself. Our
research question is: What are the experiences and perceptions of teachers in special education on
the use of current programming materials for children with visual impairments?

A final note concerns our language use in referring to the learners of our interest. An ongoing
debate exists on appropriate language use when referring to individuals with impairments [46].
Through our manuscript, we follow what is common in the context of our educational practice as
well as in line with the academic literature we build on. We speak consistently of “learners or chil-
dren with visual impairments” and, when applicable, “blind and/or low vision children or learners”.

2 RELATED WORKS
2.1 Programming Tools for Children

Programming education to children as currently being taught from as early as kindergarten can
take diverse forms. A wide range of tools in the form of lesson plans, assignments, and materials of
a different nature are available [56], many of which are currently being used in programming edu-
cation [23]. Lessons and materials have been designed to be specifically accessible or attractive to
children [33, 56], ranging from unplugged lessons where children program each other or the teach-
ers as robots [15], to tangible robots, tools or games such as the Bee-bot or Cubetto, PC or mobile
device applications with visual or block-based programming languages such as Scratch or hybrid
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approaches where physical and virtual parts are combined [56] for example in the micro:bit [44].
In addition, older children are also being introduced to or further taught in programming with
regular text-based environments and languages such as Python, JavaScript, or HTML. For some of
these tools, different input (referring in this context to all operations of programming the material)
and output (referring to the outcome of these operations) combinations are possible, the tangible
micro:bit for instance can be programmed with either a block-based language or JavaScript, and
Scratch can be used to create stories, games, and animations. Some of the tangible kits or tools
also differ in the extent to which they can be assembled or disassembled or whether they have
a display. Currently, the most common for elementary school children are visual or block-based
programming as input, and graphics or robots as output, yet several different types of input and
output are in use [23].

Core features of visual or block-based programming tools (Scratch, Blockly, Alice) are their
puzzle-piece-like blocks that represent units of code, the easy code construction through direct
drag and drop manipulation, the fact that the blocks only snap together if this is grammatically
correct (which reduces syntactic errors), the visible nesting of blocks that indicate the scope, and
the close tie between the code environment and code output that facilitate easy understanding of
cause and effect [32, 33]. Block-based programming environments have been shown to be valu-
able tools in programming education, with students working efficiently and concentrated on as-
signments [39] and learning important computer science concepts [31]. Similar positive effects
have been shown for unplugged activities and tangible tools, especially for younger children un-
plugged being most effective in achieving an understanding of computer science concepts and
tangible tools being most engaging [55]. These insights show the potential of the diverse tools
available, and their possible different strengths.

2.2 Usability and Accessibility of Technology Use

In order to understand and consequently improve the potential of the types of programming tools
described above for specifically low vision and blind children, the usability and accessibility of
these tools should be assessed. These two concepts are widely applied within the topic of technol-
ogy use, including the use of computers in general and specifically programming materials [40].

Generally, usability and accessibility apply to the understanding of the use of products or ser-
vices. The evaluation of usability and accessibility is aimed at making usable and useful technolo-
gies, for all populations [36]. The focus lies on the technology that is used and the context in which
it is used, with at the background cognitive processes such as perceiving and processing informa-
tion through learning, and the use of memory and attention in doing this [12, 35]. Concretely,
usability concerns the extent to which a product or service is easily and intuitively understood
and navigated through, rooted in the operational experience of the user [35, 40]. It includes the
following components:

— Effectiveness: effectiveness refers to the extent to which goals are reached with accurateness
and completeness, including the “quality of solution” and error rate [16].

— Efficiency: efficiency concerns the relation between accuracy and completeness with which
goals are achieved as well as the resources used to accomplish this.

— Satisfaction: the more qualitative component of satisfaction involves the user’s overall com-
fort and positive attitude and generally refers to well-being or fun during its use [16, 40].

The definition and fundamental attributes of usability, though originated in research with adults,
can be easily transferred to the target group of children [35]. Accessibility concerns specifically the
extent to which products or services can be used by as many individuals as possible, and is, though
not exclusively, often applied to the situation of individuals with impairments [40]. Accessible
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products are perceivable: all users are able to perceive the presented information; operable: all
users should be able to operate the interface; understandable: contents and operations should be
within the users’ ability to understand; robust: accessing the content should remain possible as
technologies advance (Web Content Accessibility guidelines).! What this means in the context of
programming materials for low vision and blind learners becomes clear in the description of some
of the known issues below. Various accessibility issues are known from studies into computer use
in general by individuals with visual impairments, including the role of complex factors such as
changes in vision and social issues [45, 51]. The latter refers to the possible experience of the
importance to blend in, and the resulting reluctance to use visible assistive technologies [51].

2.3 Programming Materials and Children with Visual Impairments

Recently studies have started to focus on programming education for younger learners with visual
impairments, often by looking at a specific material, for example the Bee-bot [22], or a specific type
of programming such as block-based languages [18, 33]. Overall it is being stressed that both the
input and output of materials for children rely heavily on visual features, in order to make them
suited and attractive for children [33]. Consequently, many materials, especially the block-based
environments, are seen as not accessible for learners with visual impairments [32, 33]. Confirmed
usability issues are the drag-and-drop interface, the reliance upon the mouse, and the output in
the form of animations [18, 33]. Other types of materials with tangible inputs or outputs, Bee-bot,
Cubetto, and buildable robots such as Lego WeDo, have been proposed or confirmed (in the case
of the Bee-bot, [22]) to be better suited, and teachers are findings ways to compensate for the
inaccessibility of block-based environments [34]. However, many challenges remain. Tangible ma-
terials often contain visual properties to indicate the difference between pieces and how to connect
them as well as in the experience of the outcome [33]. The Lego blocks of Lego WeDo and Lego
Mindstorms for instance are small and difficult to handle [24, 28]. Finally, issues in text-based pro-
gramming are known by older learners and include the use of screenreaders in the programming
environment and language, and problems with navigating through code [1, 2, 18]. It remains open
though whether these same issues apply to the situation of younger learners with visual impair-
ments using text programming. Because of young children’s overall developmental level and their
phase of programming education, other usability issues exist. For all non-English younger learners
for example English text-based languages can be a problem.

Several initiatives have started over the past few years to adapt or design materials aiming to
make them suited for children with visual impairments. This concerns first and foremost block-
based (types of) programming, either by improving the suitability of existing environments [27, 32]
or by designing new tools [33]. These different adaptations and tools include accessible touch
screen block-based environments (Blocks4Al [32]), applications to work with screenreaders in
block-based environments (StoryBlocks, [27]), Accessible Blockly [28], and tangible block lan-
guages (Torino/CodeJumper [33]). They have in common that they build upon the advantages of
block-based environments [32, 33] and address specific issues for children with visual impairments
identified in these environments as specified above. In the case of Lego Mindstorm Robots, both
the input in the form of a block-based environment and the graphical output have been adapted
for low vision and blind children, using adaptations such as a tray to organize building parts, writ-
ten instead of depicted instructions and a text instead of block-based language [28]. In the case of
text-based programming adaptations include the inclusive programming language Quorum [48]),
an Audio Programming Language [45], and tools that provide audio feedback when navigating
through code [5, 49].

https://www.w3.0org/TR/WCAG21/.
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2.4 Accessibility at the Cognitive Level

Finally, a less explored topic within children with visual impairments’ use of programming materi-
als is their conceptual development and mental modeling. It has been pointed out that usable and
accessible technologies involve more than for instance the addition of audio to a visual environ-
ment, and should take into account considerations at the cognitive level of experience and under-
standing [45]. Learning programming involves specific cognitive processes and abstract concepts.
These abstract concepts can be perceived as difficult to begin with [43], but moreover adequately
conveying abstract cognitive concepts to learners with visual impairments is known from other
educational fields such as science [26] and music education [4] to be especially challenging. This is
a complex multifaceted area, but some important considerations can be first of all that concretely
materials or lessons themselves can make use of certain concepts that are primarily visual. A focus
group with high school teachers for low vision and blind students pointed out that in unplugged
lessons visual metaphors can be a problem [48]. When such metaphors are made accessible they
can be understood by learners with visual impairments, but with more difficulty. Second, issues
can arise since concepts such as abstraction are related to the development of visio-spatial mental
modeling and spatial navigation, areas of development where blind individuals can have certain
specificities [52, 54]. In early programming education, more complex and abstract tasks increas-
ingly involve moving away from direct manipulation control (moving a robot step-by-step by hand
across a maze) and toward computational control (constructing a set of instructions and executing
it later on) [25]. Consequently, skills of mental representation and modeling of the assignment and
environment are always involved, yet become increasingly important when cognitive demands of
the task increase [25]. Taken together, the experience at the cognitive level of abstract concepts
and mental modeling for learners with visual impairments is important to explore further, also for
specific materials.

2.5 Summary and Current Research Overview

Together, previous insights and initiatives provided an understanding of several usability issues
and potential solutions, within different aspects of the input and output within the range of mate-
rials available for children. However, currently, many different types of materials are being applied
in education [23, 56] and insight into what is being explored for children with visual impairments
and how this is experienced is lacking. For several reasons such insight into this complex topic
is important. First of all, the majority of children take part in regular education. Although materials
specifically designed to be suited for low vision and blind children can be highly valuable options, it
should be taken into account that the understanding and improvement of most commonly known
and (in regular education) most often applied materials is essential as well to achieve inclusive pro-
gramming education. Second, individuals with visual impairments form a diverse heterogeneous
group [9, 32] with most individuals having low vision and a smaller group being completely blind.
In addition to different individual possibilities, experiences, and preferences in the practical use of
technology [9], differences in mental or spatial models can have a role in this topic, as well as social
issues of wanting to blend in with classmates [51]. Consequently, a valuable addition is the perspec-
tive of teachers, an until now underrepresented element [21]. Teachers, especially those in special
education, can consider this topic from their comprehensive experience of educating low vision
and blind children. Also in a complex topic such as individuals with visual impairments’ mental
modeling, the experience of teachers in conveying abstract concepts can be very insightful.

In order to gain insight into teachers’ experience and perception with current programming
materials in use in the context of educational practice, a focus group with teachers is a suited ap-
proach. A focus group is aimed at gaining insights into perspectives based on personal everyday

ACM Transactions on Computing Education, Vol. 23, No. 1, Article 14. Publication date: December 2022.



14:6 A. van der Meulen et al.

Table 1. Participants of Focus Group

Participant Age Sex Occupation

T1 29 M Teacher, IT coordinator

T2 33 M  Teacher

T3 - A% Teacher, IT advisor, and coordinator
T4 41 M Teaching assistant, teaching support
T5 35 A% Teacher

T6 - M Teacher, trainer, IT advisor

experiences, from a selected group of individuals [17, 50]. It can be especially suited to explore
opinions and perspectives on a complex topic, making use of the dynamic nature of the discussion
and the interaction between participants [17]. This method fits the purpose of gaining a practically
based understanding of how teachers at the moment experience the usability and accessibility of
programming materials for low vision and blind children. In addition to exploring their perception
on established basic elements of usability and accessibility, additional contextual ideas can be gen-
erated on what is most noticeable and relevant at the moment when using programming materials
in the context of the classroom of children with visual impairments. This can be valuable both for
practitioners and for future research on the topic.

3 METHOD
3.1 Participants

The six participants of the focus group all worked in special education schools for children with
visual impairments, as teacher, teaching assistant, and/or IT expert or advisor. Two of the partici-
pants were female, the other four male, and their age ranged from 29 to 41 years old (two teachers
did not provide their age). Table 1 summarizes the background of the six participants. The teachers
worked at three different schools which were all part of one of the two Dutch expertise centers for
people with visual impairments. We selected the teachers based on their experience with teach-
ing programming to children with visual impairments, in their own classess or during workshops
or thematic events. Other specific programming experience or expertise in programming was not
a requirement for the teachers. The expertise center of which these teachers were part of has
five schools (one of which only includes children who also have cognitive impairments). We ap-
proached the other Dutch expertise center as well, however, here teachers indicated to have much
less experience exploring programming for younger children.

The focus group discussion concerned children with visual impairments (low vision or blind),
ranging in age from kindergarten till the end of high school, with a focus on children at the elemen-
tary school level. We included teachers from special education since they have the most experience
with our specific target group. Consequently, the children these teachers work with form a diverse
group with additional special education needs. The latter is not the focus of our topic but can be
kept in mind when interpreting our findings.

3.2 Procedure

One of the research team members, who worked at the Dutch expertise center, recruited the partic-
ipants through their network, contacting them through e-mail. Participants received the informed
consent letter beforehand and were asked to inform the researcher which programming materials
they had worked with together with the children, in order for the researcher to have an overview
of the programming materials that would be discussed. We asked the participants to bring these
materials with them. The informed consent letter explained that the aim of the focus group was to
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gain insight into the interaction of children with visual impairments with programming materials.
Pseudonyms were used in the transcript of the focus group.

The set-up of the focus group, including the selection of participants and topic list as described
below, was aimed at making use of this method to draw personal daily life experiences and more-
over explore these in an interactive discussion [17, 50]. The discussion took place in one session,
organized at the office of the expertise center. The participants were first given some time to read
through the informed consent letter and ask questions, and asked to fill out the informed consent
form. The researcher was present as a facilitator and sat together with the participants around a
table on which all the programming materials brought by the participants and researcher were
laid out. A camera was placed to record the group. The focus group lasted 1.5 hours.

3.3 Focus Group

3.3.1 Focus Group Method and Protocol. Because of the open and exploratory nature of the
research, any form of an unplugged or plugged tool, artifact, environment, or language was con-
sidered a programming material and could therefore be discussed. The term programming material
was not defined by the teachers. However, the starting point was to only discuss materials at least
one of the teachers had worked with themselves together with the target group.

A protocol for the focus group was designed in which six main topics, concerning usability and
accessibility of the materials, were distinguished. These topics were:

— Experience with and characteristics of the material, for example, was a material used in a
lesson series, or in an introductory workshop.

— Concrete usability of the material, for example, how can children handle the different aspects,
primarily the input and output, of the material.

— Working with the material, for example, can children start an assignment with the material,
and how much support is need.

— Workforms the material invites, for example, do children collaborate, do they start to explore
and add their own creativity.

— Presence or absence of fun and comfort, for example, do children enjoy working with the
material, do they get motivated, is it frustrating, is it boring.

— Differences between the children, for example, can all children work equally well with the
different aspects of the materials.

After the introduction, the facilitator asked teachers whether there was a material they would
like to start with. The role of the facilitator was to monitor that the different topics were addressed
for each material and that all materials were discussed, to ask for further clarification or confir-
mation, and to encourage all teachers to participate and to generally facilitate the dynamic of the
session. There was no specific order in which the materials or topics were discussed; the course
of the conversation was followed. During the reflection and closing section, the teachers were
asked to pick a favorite material among the materials discussed and were given space to add other
comments. The materials that were present were not used during the focus group but when a spe-
cific material was discussed it was occasionally pointed at or picked up, or different aspects were
pointed out on the material.

3.3.2 Transcription and Thematic Analysis. The focus group was transcribed verbatim from
the video. We followed a thematic approach to the data analysis, generating themes from the data
related to the interest and topic of the research aim [8, 10]. Both the transcription and thematic
analysis were performed manually. First, a thorough inspection of the transcript was performed,
categorizing the transcript into different sections in line with themes that emerged and labeling
each section with this theme. This was done in two separate ways: based on specific programming
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materials, for instance, labeling all information on the Bee-bot with the label “Bee-bot”, and
using a more open approach where labels directly related to features of usability and accessibility,
for example “working independently”, “intense guidance by the teacher”, “positive experience
material”, were added to the data. Continuing with the open approach, these labels were gathered
under broader themes (“working independently” and “intense guidance by the teacher” were
gathered under the theme “workforms”). All relevant information in the transcript received a
label, making sure that all information was considered in the next steps. Information was only
considered non-relevant if it did not relate to programming education of low vision and blind
children. A second assessor was involved to check the approach of labeling the information from
the transcript. The second assessor independently labeled three excerpts from the transcript, after
which the first and second assessor compared their labels. In several cases, the labels used by
the two reviewers were entirely similar (for example “positive experience” and “difficult for blind
children”). Other labels differed not in the content but in for instance the level of detail (with
one assessor distinguishing two specific detailed types of labels whereas the other assessor took
this together as one). For such cases, the assessors discussed until a consensus was reached. The
overall themes emerging from gathering the labels were also discussed. Finally, the two types
of themes (specific materials and usability/accessibility features) were taken together, using the
themes that emerged from the open thematic analysis as a starting point and complementing
them with material-specific information from the overview per material. Quotes are used to
illustrate an overall view as described for a theme, or to indicate a specific opinion. Since data
derived from a focus group are interactional in nature [47], a reflection of the group dynamics
and atmosphere is helpful to interpret the insights correctly. Consequently, the final section of
the results describes the overall group process and some specific observations. The focus group
was conducted in Dutch. Quotes provided in the results section have been translated into English.

4 RESULTS
4.1 Overview Materials and Themes

In total 25 materials were discussed. Materials were included based on the teachers’ experience.
Table 2 summarizes all materials including their type and whether there are additional parts to
the material. For those materials categorized as “hybrid”, we also indicate whether the input is vir-
tual or tangible. The experience the teachers had in using the materials with the children differed
strongly, however with most materials at least two teachers had more than an introductory expe-
rience. The teachers had above-average experience working with the children with the micro:bit,
Bee-bot, Blue-bot, Scratch, and all four unplugged materials, and they had not worked at all with
the children with the Arduino, Python, Tickle, and Sphero.

The open thematic analysis resulted in the following six main themes, which are described in
more detail below:

— The search for options for blind children/options for low vision children

— Work set ups (collaboration, independence, and instruction)

— Battery of consecutive (types of) programming materials

— Working indirectly with the input

— Transfer and comprehension of the way of thinking and concepts (cognition)
— Subjective experiences of satisfaction, well-being, and fun

4.2 Theme 1: Search for Options for Blind Children/Options for Low Vision Children

One of the most central and recurring themes in how the children interact with the materials was
the difference between blind and low vision children, mostly because of issues and lack of options
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Table 2. Overview of Programming Materials Discussed during the Focus Group

Material Type Type of input if hybrid Combined with

Alive Programming physical not electronics - -

Sandwich Robot physical not electronics - -

Robotdance physical not electronics - -

Hello Ruby physical not electronics B lesson kit

Cubetto physical electronics - -

Bee-bot physical electronics - wooden maze

Sphero physical electronics/hybrid  virtual programmed by Tickle app
Blue-bot hybrid tangible wooden maze, tactile reader, cards
micro:bit hybrid virtual MakeCode environment

Fabel hybrid virtual programmed with block language
Cyberrobot hybrid virtual programmed with app on ipad
Maki Maki hybrid virtual programmed with Scratch

Nao hybrid virtual (input not discussed)

Lego Boost hybrid virtual app on [Pad

Lego WeDo hybrid virtual app on IPad

Snap Circuits hybrid virtual app on IPad

Mambo Drone hybrid virtual programmed with Swift Playgrounds
Arduino hybrid virtual programmed with JavaScript
Swift Playgrounds  virtual/hybrid - used to program Mambo Drone
Tickle virtual/hybrid - used to program Sphero

Scratch virtual - used with Maki Maki

HTML virtual - -

JavaScript virtual - used with micro:bit

Sonic Pi virtual B -

Python virtual - -

the teachers experienced for the blind children. The first four teachers especially expressed their
struggle to find materials equally suited for both low vision and blind children, referring to this as
a continuing search. As one of the most experienced teachers indicated: “Well we had the NAO in
the class the other day, and then you hear some blind children say, yeah, yeah, I do not understand
what was happening on the board. So you are searching, how can you involve them with that, how
can you provide the insights, is this possible, and if yes, how?”

As the example indicates, several materials are less or not at all usable for blind children, often
because of the input. For example, the micro:bit, NAO and Fabel can as outputs be tactilely explored
by blind children, who can trace their movements. The programming itself however, using block-
based environments such as the MakeCode environment for the micro:bit, cannot be followed
specifically by the blind children while according to the teachers for low vision children this can
work. For other materials both the input and output are difficult for blind children. Manuals on the
iPad for the Lego Boost, Lego WeDo and Snap Circuits are very visual and complex, and adapted
forms of the manuals can still only be used by low vision children. The output of the Lego materials,
as well as the Cyberrobot, are also not usable for blind children because the parts are too small.
Snap Circuits are better usable by blind children because the parts can be easily distinguished
tactilely and the pieces are placed in a frame.

Unplugged materials are according to the teachers the only type of tools with which blind and
low vision children can participate equally. Several teachers expressed their enthusiasm about
these tools, stressing the whole class can be involved actively and equally: “It is just really appeal-
ing. It speaks for itself actually, they all have an idea of it. Blind or low vision, it does not matter”.

4.3 Theme 2: Work Set Ups: Collaboration, Independence, and Instruction

The teachers talked about the work set-ups they used in working with the materials, often related
to the options and obstacles in terms of the usability of the materials. First, teachers frequently
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work in a frontal setting (meaning the teacher addresses the whole class together), with the whole
class working together and guided by the teacher. The teacher for example programs on the Di-
giboard while the class works on the code together (using Scratch or a different block code), pro-
gramming different robots as outputs (Fabel, NAO). Other robots are constructed jointly by the
class (Cyberrobot). The Cubetto was explored in a set-up where the teacher interacted with the
material and the children watched and thought along. Second, collaborations between low vision
and blind children are brought forward multiple times as an approach to work around the lack of
usability for blind children. With Snap Circuits the low vision child can follow the manual, while
the blind child can build the output because the blocks and frame of Snap Circuits are tactilely
accessible. With Swift Playgrounds the low vision child can notice typing errors in the code. One
teacher is enthusiastic about this approach, since children enjoy it and experience it as a challenge
to complete an assignment together, but two other teachers prefer that all children can work inde-
pendently. Furthermore, it can be seen that blind children become in this set-up passive and lose
interest: “And just sitting, waiting until your buddy says something, about what’s going on, that
makes them very inactive, and then the interest disappears actually very fast, I have noticed”. Inter-
estingly also one example is given of a duo working with the micro:bit where the blind child is more
advanced and consequently takes the lead. This seems in line with a discussion elsewhere where
several teachers agree that there are certainly some blind children with an affinity with program-
ming who transition well toward text programming, after which they can make good progress.

Furthermore, independently working (individually, but also in pairs or groups without constant
guidance from the teacher) is seen as desirable but at this point difficult. The teachers mention
the Bee-bot and Blue-bot as the only materials with which currently both blind and low vision
children can work by themselves. With little instruction pairs of children can start to explore or
play together. This works well because both the Bee-bot and the wooden maze are tangible, and
the tactile reader for the Blue-bot provides a logical frame suited for blind children to put the
cards in. Low vision children can work independently with other materials as well, once they have
learned the basics. With the micro:bit, Scratch, and Sonic Pi children can work by adding their own
ideas and variation starting from a step-by-step plan, or by starting with a worked out example and
continuing on their own. By themselves, they can explore and improve their code. According to the
teachers, enthusiasm can be seen in the children because they are in charge of their own creation,
also contributing to sharing work with each other and proceeding in collaborations. “That is really
fun, you do the step-by-step plan (in Scratch), and that they then for example a different figure,
they say yeah, can I have a different figure. Yes of course, try, go ahead make a new figure. That is
then possible”, “And then I have, that one blind student worked with the program (Sonic Pi), and
the other I gave a keyboard, and that one made a melody at the keyboard, and then says which
tone that is, and then the blind typed that, and then trying, is that correct, no, not correct...they
really independently made something, a song”.

Finally, overall the teachers also experience that more effort, instruction, and supervision are
needed for blind children. This is also the case for a material such as the Bee-bot. Even though
eventually blind children are able to work with the Bee-bot by themselves, extra context is needed
to explain the idea of the robot and extra time to explore the robot, the buttons, and the maze. The
teachers are searching for ways to give suited attention to the blind child without holding back
the low vision child, giving more intensive support to the blind child, providing more time and
repeated instructions, different assignments, and extended introductions and examples.

4.4 Theme 3: Battery of Consecutive (Types of) Programming Materials

Two teachers summarize the different possibilities of types of materials by placing these materials
in a “programming materials battery”, which other teachers confirm. This battery consists of three
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or four steps in learning programming, with each step being related to a specific type of materials.
The first step is unplugged, followed by block programming (possibly divided into tactile block
programming and simple (“baby”) text programming), and finally by actual text programming. As
mentioned, the teachers are very happy with the possibilities for unplugged, with which almost
all of them have worked. The lessons work well to illustrate how a computer works, to teach
thinking in steps, and identifying mistakes in these steps. One teacher explains how the unplugged
lessons start valuable discussions: “and so you get into really fun situations, that you just talk with
them [the children] about how dumb a computer actually is, right, and how smart we are, that we
just get that step right away and that a computer has to do that all step-by-step, and as soon as
there is just one mistake then it does not work anymore”. Furthermore, the lessons have humor,
keep the children actively engaged, connect to their daily life, and most importantly allow for
equal participation of blind and low vision children. The step of block programming however is
experienced as entirely absent for blind children, which is related to the previously mentioned
search for usable materials.

The teachers stress the importance of block-based possibilities or alternatives for blind children
because of the clear advantages: it builds on the level of unplugged, allows for trying out code
and receiving immediate feedback (in the form of blocks being able to click together) and for the
children to work by themselves. Whereas the next step of text programming has some possibilities
for blind children (for example working with HTML), specific environments (MakeCode, Sonic Pi)
are not usable with screenreaders. Moreover, text languages are complex because of the length of
the commands and the need to be exact in spelling and punctuation. For younger children (middle
of elementary school) this is not suited, and also not all older children get to this step, especially
when there are no options for the previous block-coding step.

4.5 Theme 4: Working Indirectly with the Input

Some materials are accessible in their output but not their input. An example is the micro:bit,
which the teachers see as their favorite material for older children. The output of the micro:bit
is suitable and fun for both low vision and blind children, mostly because of its physical nature
and closeness to children’s daily life (an alarm clock, or Christmas ornament can be created). The
input, however, writing either block-code or text code (JavaScript) in the MakeCode environment
is (with the block-code option) only usable for the low vision children. Teachers describe different
ways to use a material for which the input is not accessible while the output is.

First, the teacher him or herself can do the actual coding with the material, while blind children
use braille to describe the code outside of the material. One teacher used this method to program
the micro:bit with block language in the MakeCode environment. A blind child wrote the code
down in braille, and the teacher converted this exactly as the child had written it in blocks. Another
teacher also used braille working with Swift Playground, where text coding is used. The teacher
made an overview of functions in braille, which the children could select. Second, inaccessible
input can be made usable by adding a text processor (compatible with assistive technologies the
children use, such as a screenreader) next to the code environment. This method was used as well
by one teacher in the MakeCode environment of the micro-bit but then using JavaScript. A blind
child wrote code in Word and copied it to MakeCode. This teacher explored the same approach
with Sonic Pi, with a blind child writing code in Word and copy-pasting back and forth between
Word and the Sonic Pi environment to run and adjust the code.

The teachers are hesitant about especially the approach with braille with the micro:bit, which
has the advantage that it makes it possible for blind children to work with the output, to write
down the steps themselves, and to complete an assignment but has the disadvantage that the
children don’t work directly with the software and need intense guidance. One teacher, who was
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not familiar with the setup of Sonic Pi and Word, became very enthusiastic about this option after
hearing about it from the other teacher.

4.6 Theme 5: Transfer and Comprehension of Way of Thinking and Concepts
(Cognition)

Several times through the discussion the teachers refer to how the different materials can con-
tribute to, or show, children’s understanding of the reasoning and concepts of programming ed-
ucation. The teachers agreed that especially unplugged lessons can work very well in clarifying
“the steps and logical thinking” and understanding of how a computer works: “it works exact, that
you have to be exactly clear, indicate step-by-step. It is perceived as natural and consequently it
really sticks, and they enjoy it”. It is also indicated that even when children cannot directly work
with a material, they can learn about programming by discussing, or writing down, the steps of
a program. The teachers expressed that they had been positively surprised by the understanding
the children showed in logical reasoning and grasping the connection between actions.

In this topic as well, challenges for the blind children were pointed out. Two of the teachers
referred to an issue in conveying the logic of programming to the blind children. Partly, they de-
scribed this in the context of inaccessible or less easily accessible input and output: blind children
cannot be involved sufficiently in discussing the programming steps when working with a block-
based language they cannot see. The basic idea and logic of a plan for the Bee-bot to move toward a
destination is also less directly understood by blind children and requires a step-by-step tactile ex-
ploration of the environment. In addition to these issues, one teacher also considered whether blind
children are less familiar with thinking in steps, to begin with (as he observed when working with
the Bee-bots). In the discussion on unplugged materials, however, this same teacher mentioned he
thought blind children are in fact more used to this step-by-step thinking from their daily life. The
other teachers appeared more in agreement with the latter idea: “but I also think that a blind stu-
dent thinks more about these kinds of things him or herself. A low vision sits here and then goes,
oh, I go to the door, and walks automatically, oh there is the door and there I go too. Whereas a
blind student has to think first, okay, then first I will look for.., then first I will think where the door
is. Then he goes, he goes that way (teacher turns) and then feels.”. Finally, there were mentions of
concepts used in materials or assignments that are very visual in nature and hard to adapt and/or
explain. This included “making half a turn” or “turn toward the window” in unplugged lessons,
and the arrows on the Blue-bot cards. Apart from the visual nature of these arrows, according to
the teachers, it is difficult to understand for blind children how an arrow works, and consequently,
a tangible version of these cards is not a solution. The teachers are experimenting with either L
and R for left and right in braille on the cards or alternative arrow-shapes.

4.7 Theme 6: Subjective Experiences of Satisfaction, Well-being, and Fun

Although as the themes above show the teachers identify several challenges and current problems
in their experiences with programming materials for blind and low vision children, overall they
also emphasize both their own and the children’s enthusiasm. According to the teachers, children
enjoy discovering the connection between input and output, and output in forms close to their daily
life. They also see that the children like the experience of autonomy when they create something
themselves, the creative and active way they can work with the materials, as well as the humor in
some of the unplugged materials and the novelty of some of the robots. One teacher summarized:
“.I think that they are, they are about the programming lessons, in my group very enthusiastic. It
almost does not matter what I use.”

Blind children are a little bit less automatically enthusiastic and involved, and do not like it when
they cannot follow what is happening such as with block-coding on the Digiboard. The children
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in general do not like it when materials are too difficult or when the connection between input
and output is too slow (it takes too long to experience the effect of what they are doing) which is
frustrating for them, when they cannot actively work themselves, and when they are not able to
trace an error.

Though teachers overall agree on children’s experience, there was also some discussion about
the value of specific materials. Snap Circuits and the Lego materials were appreciated by two
teachers whereas one other teacher (one of the most experienced) considered them clearly unsuited
both because of their input and output. The teachers differed in opinion as well on the extent to
which certain materials have the option for more advanced learning and more depth, most clearly
concerning the Bee-bot. The Bee-bot was picked as the favorite material for the younger children,
but especially one teacher was somewhat skeptical about its potential as more than a toy. For the
older children, the micro:bit was picked as a favorite, however only for the low vision children.
The unplugged lessons were also seen as a favorite overall. Finally, one teacher was explicit in that
it was difficult to pick a favorite material, emphasizing both that so many materials worked well
and that actually none could be picked that was equally usable by blind and low vision children:
“So I'll leave it a bit open. I am still a bit like, this..especially if I look at, if I look at the low vision
then I say micro:bit. But I, I look, actually at the whole group. (...) Yes, because I think this is the
best, if you can really do it all together”.

4.8 General Atmosphere and Individual Contributions

Through the focus-group discussion, all participants appeared involved and willing to share their
ideas and opinions, though some teachers (teachers 2 and 4) were more active than others (teacher
5). Overall the teachers had quite strong opinions and ideas and appeared honest, disagreeing with
each other several times and occasionally indicating they just did not have an answer to a certain
question.

Teachers 2 and 4 were most strongly opinionated, but differed in how certain their ideas were.
Teacher 2 was contemplative and mostly seemed to think aloud when expressing his ideas (for
instance on the importance of being able to involve all children equally) while teacher 4 stood out
because of the certainty with which he expressed his ideas. Teachers 1, 3, and 5 all stayed somewhat
closer to sharing their own concrete experiences, but at times were also open to reflecting on other
ideas, either remaining doubtful (about the potential of certain robots) or becoming enthusiastic
about the new ideas or options they had not considered themselves. Teacher 6 appeared to have
the least classroom experience but shared several examples of individual experiences with children.
Finally, most of the teachers knew each other relatively well, and were already together involved
in the topic. On the one hand, this appeared to contribute to a quite easy flow of conversation,
with teachers being able to occasionally refer to specific students as examples. On the other hand,
some of the experiences were similar, lessening somewhat the sharing and emerging of new ideas.
It appeared helpful that the teachers had worked with different age groups and had often also tried
out different materials or the same materials in different set ups.

5 DISCUSSION

The aim of this study was to explore how teachers of children with visual impairments, working
in special education in the Netherlands, experience the usability and accessibility of programming
materials currently in use in educational practice. The focus group conducted with six participants
provides an understanding of how different programming materials are perceived and moreover
what teachers consider and prioritize in their usability experience. Below the insights are discussed,
highlighting the contribution this perspective of the teachers can make.
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5.1 Overall Experience Usability of Input and Output

The teachers explored a wide range of materials with their children, including all types of mate-
rials as previously distinguished [56]. This diversity illustrates the stage of “searching for what
works” the teachers describe themselves to be in (especially for the blind children), and reflects
the general availability and use of materials both for sighed and low vision and blind children at
the moment [23, 33, 56]. Furthermore, virtual or hybrid materials are currently most popular in
elementary school programming education [23] and were also most employed by the teachers of
the focus group. Interestingly however was that relatively few physical electronical and hybrid
tangible materials were mentioned by our teachers. Several such materials exist [56] which seem
intuitively suited for the target group. It is possible the teachers’ overall positive experience of the
Bee-bot and Blue-bot made them less inclined to try out other comparable tools.

A clear distinction could be seen in the experience of the usability of the output and input of
materials. Concerning the output, teachers were relatively positive about the possibilities for both
low vision and blind children. Aspects that contributed here included tangible (Bee-bot, Blue-bot)
and auditive (Sonic Pi) features, connections to daily life (micro:bit, unplugged), novelty of robots,
the inclusion of humor (unplugged), and the possibility for children to add their own ideas and
creativity (Sonic Pi, Scratch). A fast and evident connection between input and output, elsewhere
indicated as a “feature of liveness” [33], can be seen in several of these materials and is also espe-
cially valuable for low vision and blind children. Some of these outputs have already been identi-
fied as suited for children with visual impairments, for instance, the Bee-bot [24]. Most new here
was the enthusiasm about unplugged lessons, which is further discussed below. Concerning the
input, however, more challenges were perceived. Especially in this topic, the teachers stressed the
difference between low vision and blind children, with often the input being not handleable specif-
ically by blind children. Although in the case of block-based programming its lack of suitedness
for children with visual impairments have been widely noted [33], interestingly the teachers of
the current study were quite enthusiastic and positive about the possibilities for specifically low
vision children. This nuance can be valuable because of the known diversity of the group [9] and
the resulting requirement of different possibilities for inputs and outputs. Especially for teachers
in regular education, where block-based programming is currently the most popular material [23],
who encounter a student with low vision it can be good to be aware that block-based programming
is likely accessible for this student.

The teachers experienced a problematic lack of options for the blind children at the level of block-
based programming, which makes it difficult to transfer to text-based programming without this
experience. It might be however that there are options, directly addressing some of the issues for
the blind children, the teachers are not aware of. First of all, the teachers speak of the need for
“tangible block-based tools”, which actually is how the Blue-bot (when used with the reader and
card) and Cubetto have been presented [37, 56]. Second, the type of “easy” text-based programming
the teachers are looking for might be found in a language such as Quorum, also designed to be
inclusive. There might be different reasons why the teachers don’t perceive these tools as options.
The Blue-bot can be experienced as limited in programming options, and the Cubetto was, based on
one exploration, seen as lacking easy or logical use according to one teacher. Several other options
for tangible block-based alternatives, designed for children in general [37] and for the specific
target group [32, 33] as well as Quorum, might not have reached the teachers yet. Consequently, a
practical and comprehensive overview of available programming materials (general and targeted
for the specific group of learners with visual impairment) would be highly beneficial. At the same
time, since it can be expected that this continues to be an evolving field, it can be thought of how
to best keep practitioners informed on new developments.
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5.2 Independence and Instruction in Working with the Materials

The level of independence, the possibility of collaboration, and required instruction all are impor-
tant when assessing the usability of materials within the classroom. First, the teachers considered
children’s ability to work independently an important feature of programming materials which is
currently, especially for the blind children, difficult to achieve. In the case where this is possible,
with the Bee-bot or Blue-bot for younger low vision and blind children, and with Scratch, the
micro:bit or Sonic Pi for older low vision children, the teachers see that children start exploring,
become creative, and feel in charge of their own work. These are all important usability features,
with the experience of autonomy being of particular value for the target group [30]. Furthermore,
the workforms the teachers employ when independent working is not possible at the moment
because of usability issues in the input, include collaborations between a low vision and blind
child or between a blind child and the teachers, as well as the use of additional accessible software.
For the micro:bit as well as for Sonic Pi children can write their code in a separate, accessible, text
editor. These “workaround” methods [1] have been described elsewhere for diverse levels and age
groups. The set up of a blind and low vision child collaborating [33], sighted software developers
assisting blind software developers [2] and the use of a separate text editor [18] all appear common
methods to work around accessibility issues for individuals with visual impairments. The use of
an accessible text editor can also be seen in high school students learning programming [7], a case
study of a blind university student [11] as well as blind professional software developers [2]. There
do not seem to be previous accounts of this method for this age group. Although workaround
methods are also according to the teachers not ideal, mainly because of lack of direct interaction
with the material and risk of passivity for blind children, depending on the specific situation and
value of other features of the material they might be worth considering.

It also seemed teachers were themselves searching for what “being able to work independently”
would mean exactly in this context, and what amount of instruction they find appropriate. For
Scratch, the micro:bit and Sonic Pi they describe a method where the children can work well them-
selves with a step-by-step plan, with an example, and after a first instruction, however for other ma-
terials (Bee-bot) they find the necessary initial instruction for especially the blind children too elab-
orate. Both in the context of special education and in the context of the general programming edu-
cation debate can be found on appropriate instruction [20, 42] in line with the search of our teach-
ers. In special education (not specifically concerning programming lessons), practitioners continue
to search for appropriate tailored instruction fitting the unique needs of specific children [42].
Furthermore, in the field of programming education, as well different teaching strategies are being
debated, with the traditional method of discovery learning being questioned and direct instruction
being presented as an alternative [20]. Evidently, considerations about inclusive programming
materials are directly connected to questions on what is realistic and desirable in terms of
independence and instruction of both blind and low vision children. Further studies on usability
and accessibility could take in a multi-dimensional approach from the start where support and
teaching are incorporated [3, 21], combining ideas from the fields of programming education and
special education.

5.3 Unplugged Programming and the Impact of “Fun”

Two specific topics for which new ideas were generated by our teachers concern the potential of
unplugged tools and the related value of the factor of fun, and considerations for usability at the
cognitive level. The latter is discussed in the next section. Concerning unplugged programming,
the teachers were highly enthusiastic about this approach for low vison and blind children, iden-
tifying it has the only tool with which all children can be equally involved. Unplugged lessons
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for learners with visual impairments have not received much attention (though see [48] on high
school students), perhaps because research for this group often focuses specifically on issues work-
ing with electronics. Unplugged programming however is generally presented as an inclusive op-
tion for programming education, because of its lack of reliance upon computers and relatively easy
adaptability for specific target groups [13]. These features can also be seen in the unplugged tools
the teachers described in this study, which either required already accessible or easily adaptable
artifacts or none at all. Moreover, unplugged programming is a popular and efficient approach
in programming education at the moment [15, 19]. This emphasizes the value of identifying un-
plugged programming tools as an available and suited option when working with learners with
visual impairments in educational practice.

Furthermore, the positive experience of unplugged tools also highlights which features of pro-
gramming materials can increase usability for children with visual impairments. In addition to
unplugged tools being usually easy to handle or adapt, the teachers also stressed the overall ex-
perience of the tools as fun and appealing, including humor and a close connecting to children’s
daily life, and being effective in conveying ideas about computers and logical thinking. “Fun” is
in the case of children a central aspect of the user experience [16, 40, 41]. Also within a learning
context, it is important that experiences are enjoyable and relate to learners’ lives [53]. Specifically
having fun while programming positively effects children’s attitude toward coding [53]. Although
this applies to the general population of (young) learners, it might be all the more relevant in the
case of children with visual impairments. Putting these concrete aspects of user satisfaction of
having fun, experiencing humor, and a close connection to daily life in the foreground can involve
them and counteract some of the more hesitant attitudes described for especially the blind chil-
dren. One of the teachers of the focus group also nicely illustrated how the enjoyment and natural
experience of unplugged tools go hand in hand with their potential to add to the understanding
of programming.

5.4 Experience at the Cognitive Level

The experience of the content of programming at the cognitive level is a largely unexplored
area in the context of programming education for learners with visual impairments, apart from
some suggestions that this level can have a role in usability [45, 48]. Our teachers referred to
both the issue of visual metaphors or concepts within programming tools and possible obstacles
in cognitive processing. Concerning the first point, the example of the arrow concept on the
Blue-bot cards illustrates the complexity of adapting visual concepts since, similar to what has
been previously pointed out [48], tactile versions can be helpful to make the shape accessible but
do not lessen the complexity of the concept itself. Possibly, insights from fields with similar issues
such as science can be helpful [26]. At the same time, however, it is likely that for specific con-
cepts of programming this is a challenging area that requires its own exploration, as the teachers
describe to currently undertake for alternative arrow shapes for the Blue-bot cards. Second, the
teachers also referred to the understanding of the idea of planning a robot to move through an
environment and thinking in steps. Some of the issues here as considered by one of teachers, of
grasping the environment and being hindered by the lack of a direct overview as a sighted person
has, can be related to mental modeling and spatial navigation challenges. Challenges in this area
for blind individuals are known to exist but are highly dependent on specific tasks, situations,
and individual factors [52, 54]. Interestingly, our teachers mostly agreed upon the idea that blind
children could have some advantages in their cognitive understanding because thinking in steps
is more natural to them as they make their way through an environment for instance. Ultimately,
these ideas are very tentative (also taking into account that the challenge of understanding a robot
moving through an environment was pointed out only by one, strongly opinionated, teacher), but
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can be seen as interesting starting points to further explore how considerations at this level for
children with visual impairments could concretely become apparent in the practice of working
with different materials. For instance, it can be investigated what sort of environment for a
Bee-bot or Blue-bot can be most easily grasped or mentally represented by blind children. From
the perspective of evaluating materials it is also worthwhile to note that the possible advantage
the teachers described of blind children’s ability to think in steps might be activated especially
in the sort of assignments that connect well to their daily life experiences, stressing again the
value of this feature.

5.5 Takeaways for Educational Practice

Finally, some practical suggestions can be given for those working with low vision or blind children
on programming education, concerning both the choice for and way to work with materials.

— A lot of potentials can be found in the currently available programming materials to be
applied in education for children with visual impairments, with some materials being quite
readily available to be used (unplugged lessons, Bee-bot for the low vision and blind children,
block-based programming and the micro:bit for some of the low vision children).

— When materials are not (completely) usable, work-around-methods can be considered as the
next best thing. These can include collaborations between low vision and blind children, as
well as the use of word processing software compatible with a screenreader to write the
code in.

— The introduction and assignments of programming activities can be embedded in children’s
familiar daily life experience, in order to engage them and connect especially the blind
children to the idea of programming, computers, and robots. Including humor and prioriti-
zing, initially, to have fun can also positively impacts children’s attitude and involvement.
Furthermore, it can be helpful in introducing abstract concepts to blind children.

— Providing elaborate direct instruction, tailored to the specific needs of certain children, can
be worth giving some priority to and could work better than having children discover on
their own with “in the moment support”.

5.6 Limitations, Future Directions, and Conclusion

This study has some limitations. First, the small scope of the research, focusing on the experi-
ences of a specific group of teachers, is in line with the aim at gaining an in-depth and explorative
perspective of the teachers’ own ideas and direct experience. This limits generalizability, the selec-
tion of materials included, and furthermore implies certain specific, technical information (such
as with which version of materials teachers worked, or with which specific device or browser) is
lacking. However, the wide, directly practical experience these teachers have to offer, both with
children with visual impairments in general and with exploring programming with this group, can
be seen as a vital element in gaining an understanding of how to optimize accessible programming
education. The fact that some materials have not been explored by the teachers also points to the
need to consider how best to keep the educational practice up to date on the continuously develop-
ing availability of programming materials for children. Second, a possible disadvantage of a focus
group is that participants might not express their honest opinions. Although the influence of the
set-up cannot fully be ruled out, the teachers appeared open and honest. This could be seen in the
fact that they indicated when they had an idea or experience different from the others, and that
they also indicated when they felt they could not answer something. Third, the transcript of the
focus group was processed following the steps of the method of thematic analysis. There is some
interpretation in this process of determining and labeling the excerpts. However, the steps of
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labeling all information and gathering the labels under themes [8, 10] were carefully followed and
a second assessor was included in determining the correct labeling of the themes. Finally, although
most issues that the teachers brought up directly concern the visual nature of materials or under-
lying concepts, it can be taken into account that certain materials also have challenges related to
age or level and not specifically to vision. Specifically assembling robots and working on large and
complex Lego projects [6] as well as the illogical working of the route of the Cubetto [14, 29] have
been identified as difficult or problematic for children in general.

Several directions for future research can be pointed out. First, also when the aim is to identify
materials suited for all children, it can be worthwhile to look into both possibilities and challenges
for specific subgroups. This includes the potential of block-based programming for low vision
children, and the specific challenges at the cognitive level for blind children. Concerning the latter,
the complex area of understanding blind children’s mental modeling and spatial navigation can
be further explored in the context of specific programming assignments. Further, since unplugged
programming has the potential as a highly suited inclusive tool, future studies could examine in
detail the usability and accessibility of different unplugged materials for the group of low vision
children as a whole. Second, the perspective of teachers in regular education would be an impor-
tant addition. In this situation, where usually one blind or low vision child would work together
with sighted peers, similar but also new questions arise on how to accommodate specific supports
and facilitate collaborations. Related, assessment among sighted peers provides insights on their
experience of the type of materials evaluated here, especially when working with a peer with a
visual impairment and/or with a slightly adapted material. Finally, several of these directions as
well as the general inquiry into inclusive programming materials can be addressed using struc-
tured observations of low vision, blind, and sighted children, and further, by connecting the use
of materials to lessons, assignments, and instructions.

The perspective obtained through the experiences and ideas of teachers have worked in the
practice of programming education with low vision and blind children, first of all, points toward
concrete insights on the usability of the types of materials currently being used in education. Es-
pecially the value of unplugged lessons, but also the potential of work-arounds methods for in-
accessible input and the suitedness of blockprogramming for low vision children are suggestions
that can be directly made use of in educational practice. Furthermore, general considerations use-
ful for the research and development of inclusive programming tools include the impact of fun
and daily life connections, adding to an overall motivating and attention grasping experience, and
careful explorations of aspects at the cognitive level. Second, both the ideas of the teachers and
their tone/overall expression of searching highlight points of attention surrounding these concrete
usability options. Most important here are the availability of and knowledge on different options,
and the role of instructions and related possibilities of independent working when learning pro-
gramming with different materials. Overall, adding to the knowledge that is growing on specific
(often technical) issues with programming materials for low vision and blind children, further as-
sessments could benefit from a comprehensive approach, taking into account dimensions such as
how a material conveys programming concepts and the instruction surrounding the material.
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