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Fig. 1. Flowboard is a system to learn embedded coding based on the flow-based programming (FBP)
paradigm. Its hardware combines a large iPad Pro with an Arduino and switchboard circuit beneath it and
a breadboard on each side. The user develops her code using Flowboard’s visual FBP editor on the iPad.
Electronic components for sensing (input, left) and actuation (output, right) are plugged into the breadboards
and linked seamlessly to processing nodes on the screen via two duplicate rows of I/O pins next to the iPad.
Parallel processes are easy to code: Here, a physical button (top left) controls what is written to a serial OLED
display (bot. right), a force sensor (left center) dims an LED (right center), an on-screen slider (top center)
controls a servo, and a 3-axis accelerometer (bot. left) is connected just to see its sensor values live (bot. left).
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Toolkits like the Arduino system have brought embedded programming to STEM education. However, learning
embedded programming is still hard, requiring an understanding of coding, electronics, and how both sides
interact. To investigate the opportunities of using a different programming paradigm than the imperative
approach to learning embedded coding, we developed Flowboard. Students code in a visual iPad editor
using �ow-based programming, which is conceptually closer to circuit diagrams than imperative code. Two
breadboards with I/O pins mirrored on the iPad connect electronics and program graph more seamlessly
than existing IDEs. Program changes take effect immediately. This liveness reflects circuit behavior better
than edit-compile-run loops. A first study confirmed that students can solve basic embedded programming
tasks with Flowboard while highlighting important differences to a typical imperative IDE, Ardublock. A
second, in-depth study provided qualitative insights into Flowboard’s impact on students’ conceptual models
of electronics and embedded programming and exploring those.

CCS Concepts: • Human-centered computing! Human computer interaction (HCI); User studies;
Interactive systems and tools; • Applied computing! Interactive learning environments.
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1 INTRODUCTION
Beginner-friendly embedded development environments like the Arduino IDE (Integrated Develop-
ment Environment) have greatly lowered the threshold for makers to create interactive artifacts [14],
to integrate electronics into the physical world, and thus realize the idea of Physical Computing
[12]. They have become a main ingredient of Science, Technology, Engineering, and Mathematics
(STEM) education [40]. However, learning embedded development remains inherently challenging,
as it requires an understanding of (a) coding, (b) electronics, and (c) how code and electronics
connect and influence each other [34, 42].

While HCI research has a long tradition of improving the first aspect of the coding user experience
(see [38] for an overview), and several research projects [18, 53, 54] have tackled the second aspect
of helping learners with the electronics design side of their work, we set out to address the third
aspect: to help students better understand the interplay between the hardware and software sides
of their work and develop a more integrated understanding of embedded programming.
To provide us with new room to improve this aspect of the learner experience in embedded

development, we decided to use �ow-based programming (FBP) instead of the traditional imperative
programming as the underlying programming paradigm (Fig. 1). The initial reason was that a
program graph of connected processing nodes in FBP resembles the concept of an electronic circuit
in hardware more closely than sequences of commands in imperative programming.
However, we quickly realized that FBP possesses properties that also allowed us to improve

learning embedded coding in other ways:
� It made it natural to create a live IDE. Liveness is defined as the property of an IDE that
lets program changes take effect immediately. This mirrors the experience of changing an
electronic circuit, and users of embedded programming IDEs expect them to be live [13].
� FBP also enabled a more seamless arrangement of electronics and code: We define seamlessness
in embedded programming as reducing the gap, both physically and conceptually, between the
software and hardware parts of a project, creating an integrated embedded coding experience.
For example, the physical Arduino pin connectors in our Flowboard prototype (Fig. 1) are
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right next to their virtual representations in the programming editor on the iPad screen (the
actual Arduino board is hidden inside the Flowboard case).
� Finally, coding parallel independent processes is trivial in FBP, even together with another
person, and again closely resembles building several parallel circuits in electronics (Fig. 1).

We created Flowboard, a flow-based embedded IDE using these concepts of liveness and seam-
lessness, to explore these opportunities. It is primarily aimed at children starting to learn embedded
programming in informal learning scenarios. We evaluated it in two studies with high school
students.

In the remainder of this article, we first review related work on simplifying embedded develop-
ment for learners, before describing the concept, design, and implementation of Flowboard. We
then report on two user studies. Study 1 evaluates basic Flowboard use and confirms that students
can solve embedded programming tasks with Flowboard, while highlighting important differences
to a typical imperative IDE for embedded programming, Ardublock. The second, in-depth study
provides qualitative insights into how using Flowboard impacts students’ conceptual models of
electronics and embedded programming. Finally, we conclude with a discussion of the limitations
of our work and suggestions for future research.

Our key contributions therefore are

� the Flowboard system concept and open-source functional hardware and software prototype
that offers flow-based programming for Arduino embedded development with the qualities of
seamlessness and liveness. We propose FBP as an alternative paradigm for learning embedded
programming that has received little attention so far.
� the results of two qualitative user studies, with the first showing Flowboard’s utility as a
learning tool for embedded development, highlighting differences to an imperative IDE, and
the second providingmore in-depth insights into how Flowboard and the flow-based paradigm
impacts students’ perception and learning of electronics and embedded programming.

Parts of the technical description of Flowboard were published as a nonarchival Interactivity
demonstration at the CHI 2019 conference [11]. All other content of the present article, including
the two user studies, is new. To enable replication, further research, and classroom use, all parts of
Flowboard are available as open-source1 (archive also provided as a supplement).

2 RELATEDWORK
We structure our review of related work according to the three areas for improvement identified
above: First, since Flowboard does not focus on supporting the hardware side of electronic circuit
design specifically, we provide only a brief overview of projects in that area, most of which could be
combined with Flowboard’s approach. Second, we take a closer look at the software side and review
projects employing �ow-based programming, in particular in learning environments.We then discuss
projects that, like Flowboard, aim primarily at reducing the conceptual gap between hardware
and software in learning embedded programming. Finally, we look at research studying how
learning systems in physical computing, embedded programming, and electronics affect students’
perceptions. We distinguish between physical computing—the entire range of programming that
involves a variety of sensors and actuators rather than just a computer with (touch)screen, keyboard,
and mouse [12]—and embedded programming, in which code is always developed for and uploaded
to a separate microcontroller.

1https://hci.rwth-aachen.de/flowboard
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2.1 So�ware: From Blocks to Flow-Based Programming

Physical computing in general, and embedded programming in particular, come with additional
challenges regarding programming the circuits built [10], which underlines the importance of
developing usable and e�cient tools for these development tasks. Consequently, on the software
side, various research approaches to improve the coding experience, especially for beginners and
children, have also been applied to embedded IDEs.

One of the �rst toolkits intended to lower the threshold to physical computing is Phidgets [20].
Its collection of sensor boards is connected to a (Windows) computer without the need for soldering
or breadboards. The code, however, is developed and runs on the connected PC, e.g., in Visual Basic,
which sets this project apart from embedded programming situations in which the resulting code
is uploaded to and executed on a standalone microcontroller.

An approach popularized by projects such as Scratch2 is to replace the text editor in an IDE with
a graphical editor that lets the learner assemble statements visually asblocks. This aids learners
by removing the need to know the vocabulary of programming language statements by heart
and by removing the issue of syntax errors, such as a missing semicolon after a statement. The
block-based approach has been carried over to embedded development by projects like the Scratch
extensionScratch for Arduino (S4A)3, the Java-basedArdublock4, and theModKit5 IDE used in
robotics education. LAWRIS [3], a rule-based web learning platform for Arduino, uses the widely
adopted open-source visual block-based programming editorBlockly6 and limits itself to four
input and output devices to reduce complexity. Other Arduino-like platforms like the micro:bit7

or Calliope8 also use block-based editors and have been used to teach embedded programming in
schools [9].

However, the projects above rely on the traditional imperative programming paradigm. Under-
standing the sequentiality of statements in imperative programming is a major challenge [48],
especially for young learners. This has inspired environments that use the �ow-based programming
(FBP) paradigm [36] instead. Johnston et al. [23] provide a comprehensive overview of advances in
FBP research. In FBP, programs are not sequences of commands but a network of processing nodes
connected via their inputs and outputs. Data �ows through this network, each node changing the
data based on its type and parameters. This paradigm closely resembles many physical processes,
from biological signaling in neural networks to signal �ow in analog and digital electronic circuits.
Unlike in imperative programming, expressing parallel processes within one program is straight-
forward [23]. In commercial IDEs, FBP has been used for decades across a broad range of domains,
from scienti�c experimentation (LabVIEW [52]) to interactive music and multimedia installations
(Max/MSP9) and mobile UI design (Facebook's Origami Studio10). FlowHub11 uses FBP to create
distributed data processing systems and internet-connected artworks, while XOD12, Micro�o 13,
and iStu� [5] employ FBP for maker-friendly embedded development. However, these do not take
advantage of the opportunities of seamlessness or liveness we identi�ed.

2https://scratch.mit.edu
3http://s4a.cat
4http://blog.ardublock.com
5https://www.modkit.com
6https://developers.google.com/blockly/
7https://microbit.org
8https://calliope.cc/en
9https://cycling74.com/products/max
10https://origami.design
11https://�owhub.io/ide/
12https://xod.io
13http://micro�o.org
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Livenessin an IDE describes its ability to provide immediate feedback of the e�ects of code
changes without the need to go through the edit-compile-run cycle explicitly, and has been shown
to help developers [25]. It is an especially good match for embedded development because basic
electronic components also process and react to incoming electric signals immediately. Hence, the
hardware side of such projects is naturally �live�. FBP is particularly suited to support liveness
by continuously evaluating the current program graph and available input data and updating the
output data of each node accordingly. With Quartz Composer14, Apple introduced a live visual FBP
editor to create graphics processing pipelines in its Xcode development environment. Facebook's
Origami Studio, originally built on top of Quartz Composer, is a modern live �ow-based IDE.
However, these live IDEs do not support embedded development.

2.2 Hardware: Electronic Circuit Building Support

Numerous researchers have looked at supporting electronics design and learning. Avilés and Cruz
[4] use a markerless Augmented Reality app on a smartphone to visualize otherwise invisible or
hard-to-see information, such as the current �ow through a circuit or the resistance of a component.
Instead of adding an AR layer, Toastboard [18] instruments a breadboard to continuously sense
voltage levels on each row. When the user duplicates her circuit in a graphical desktop editor,
the system can detect errors and provide potential solutions, simplifying debugging the circuit.
CircuitSense [54] automates this process further by electrically sensing and identifying a core
collection of electronic components as they are plugged into a small breadboard. This lets the
system derive a virtual representation of the populated breadboard for the popular Fritzing [24]
circuit design software, which also helps share the circuit online.

TinkerCAD15 is a web-based design tool that can also simulate, among other things, Arduino
microcontroller boards. This enables makers to create and test circuits online, by programming the
virtual Arduino using regular code or using a block-based language similar toArdublock16. Another
web-based simulator is Wokwi17 which can simulate various microcontrollers and provides code
for working examples. The editor provides suggestions when coding and is capable of including
external libraries. AutoFritz [27] supports users building virtual breadboard circuits using an auto-
completion approach to help avoid mistakes. Similarly, CurrentViz [53] measures and visualizes
current �ow in the user's circuit ubiquitously, and CircuitStack [50] replaces the cluttered and error-
prone jumper wiring on a breadboard with a custom inkjet-printed conductive sheet, with traces
derived from the schematic, to place beneath the breadboard. Lin et al. [26] used semi-structured
interviews with printed circuit board (PCB) designers to gain better insight into their work practice
and identify challenges and opportunities for future PCB design tools.

2.3 Bridging the Hardware-So�ware Gap

This third challenge of simplifying the understanding of code and electronics in embedded develop-
ment is what Flowboard also aims at. One way to address it is abstraction: TAC [2], for example, lets
the user specify the desired system response to particular inputs abstractly in a �ow-based graphical
editor, then presents a set of possible circuit designs that implement that behavior, complete with
matching embedded textual source code, from which the user can choose based on criteria like
component cost, etc. The user then just needs to build the chosen physical circuit. While convenient,
this hides the actual electronics and embedded coding details from the user, making it unsuitable
for learning those concepts. Similarly, Scanalog [47] uses programmable analog hardware and a

14https://developer.apple.com/documentation/quartz
15https://www.tinkercad.com
16http://blog.ardublock.com
17https://wokwi.com/
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�ow-based desktop UI to let users interactively design and tune analog signal processing circuits,
supporting assertions alerting the user to conditions like exceeding a voltage limit. Here, the user
no longer creates a circuit from discrete hardware components, again limiting its use in learning.

Bifröst [33] instead combines an instrumented breadboard with code instrumentation to provide
a side-by-side view of electrical signal activity, Arduino source code lines, and variable values. While
it does not provide an easier way to enter source code, it positively a�ects the embedded debugging
process. Wifröst [34] successfully expands this approach also to integrate debugging support for
network code. Finally, without leaving the imperative programming paradigm, ElectroTutor [51]
provides support to follow a test-driven development approach across both software and hardware
development, with positive impact on users' ability to complete introductory tutorials.

2.4 Studies of Learning Embedded Development

Improving the learning experience with a tool requires gathering knowledge of its impact through
studies with learners. Below, we highlight relevant related work that illustrates how to extract such
knowledge in the domain of learning to code, particularly for embedded development.

In the `Art' of Programmingproject, Moskal et al. [37] requested study participants (�rst-year
students) to draw what they imagine when asked, �What does programming mean to you?� The

Fig. 2. A comparison of related projects that aim to help with embedded development. For each project, we
list its underlying programming paradigm, where its main focus for support lies, and whether it supports
liveness and seamlessness.
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authors found that there was only one person in the image in most drawings, suggesting that social
aspects were not essential and people mostly program on their own. The idea of pair programming
seemed not to be present, although working in groups is known to promote discussion about the
task. We adopted their drawing method for our second study.

With Physical Computing (building embedded systems with sensors and actuators that can sense
and in�uence their physical environment) [39] having become a part of STEM education, Przybylla
and Romeike[41] developed requirements for tools to explore this topic in schools. They found
that while students enjoy the experimental approach of Physical Computing to get in touch with
electronics, current practices may emphasize making and tinkering with electronics too much for a
structured learning experience.

Dasgupta et al. [15] focus onRemixing, the process of reusing and reworking existing artifacts.
They consider remixing important and powerful for learning, especially in social interactions. Their
results from a study using Scratch indicate that remixing programming code helps learners to
develop computational thinking concepts. Other research projects using Scratch [16, 31] also show
the importance of online communities and sharing knowledge with others for a better learning
curve. Based on Piaget's learning theory [49], Bergner et al. emphasize the need of working actively
with a system to learn it properly [7], which supports the idea of integrating Physical Computing
into education. Maloney et al. [29] found that a live environment without run/edit loops such as
Scratch supports users exploring and tinkering while programming.

More recently, a study [13] investigated how programming physical computing devices is im-
pacted by live programming. It compared programming the BBC micro:bit18 device either with the
MicroBlocks19 live programming environment or the default MakeCode20, The authors found that
non-live environments can become used less as users expect liveness while performing embedded
programming. Liveness impacts children who are programming embedded components, and the
authors emphasize the importance of understanding the impact of liveness on learning physical
computing in future studies.

In all, our review of related work indicates that the potential of �ow-based programming to
support embedding programming in a more integrated, seamless, live, and possibly collaborative
manner has not been fully explored yet (Fig. 2). This motivated us to study this potential further by
designing, implementing, and studying the Flowboard system described in the following sections.

3 FLOWBOARD DESIGN AND IMPLEMENTATION

Below, we describe the conceptual design of Flowboard, its system architecture, implementation,
and a usage scenario. Full details for replication, such as source code and hardware design �les, are
available in the open-source documentation21 (archive also provided as supplement).

3.1 Flowboard: Conceptual Design

Flowboard's hardware and software design is based on the concept of �ow-based programming. The
list for requirements de�ned that Flowboard should consist of simple and commercially available
materials, integrate live coding, link electronics and programming seamlessly, and be easy to
replicate. Our goal was to support learning in an explorative way, by enabling people to learn about
embedded programming without prede�ned tasks and steps [44].

Flowboard o�ers a visual, �ow-based multitouch editor on a large iPad for coding. Program
graphs are created from a library of processing nodes that each process data depending on their

18https://microbit.org
19https://microblocks.fun/
20https://scratch.mit.edu
21https://hci.rwth-aachen.de/�owboard
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type. Nodes are connected by drawing virtual wires between node outputs and inputs, along which
data �ows. Electronic components are plugged into two breadboards next to the iPad. The left
breadboard is used for buttons, sensors, and other input devices. The right breadboard is used for
LEDs and other actuators and output devices. This supports a uni�ed left-to-right data �ow from
the input electronics through the program graph to the output electronics, corresponding to the
established direction of signal �ow in electronic circuit diagrams.

The program graph is evaluated constantly, and drives an Arduino Uno board hidden beneath
the iPad. The user does not need direct access to the Arduino board since its I/O pins are brought
out twice, once on each side of the iPad, so each pin can be used for input or output as needed to
keep an overall left-to-right signal �ow. These hardware I/O pins are placed directly next to their
virtual counterparts in the visual editor, creating a moreseamlessview of the entire system, and
removing a frequent source of errors in embedded development. Changes in the program graph
take e�ect immediately, creating alive IDE to match the live behavior of the electronics hardware.

3.2 Flowboard: System Architecture

The Flowboard system consists of the editor running on an iPad, an Arduino board, two breadboards,
and theswitchboard, a custom printed circuit board that ensures that each Arduino pin is only
connected to either the pin on the input or output row at any time using a series of solid-state
switches controlled by another microcontroller (Fig. 3). The iPad editor controls the Arduino and
the switchboard via Bluetooth.

The Arduino is running our modi�ed version of the Firmata22 protocol sketch. With Firmata, the
iPad editor can set and read Arduino pins, and trigger more complex operations like controlling
a servo or reading an I2C device, through serial commands sent via Bluetooth. In addition, we
extended the protocol to cover additional electronic components. Similarly, the iPad editor also
controls the switchboard using Firmata. Using a real-time protocol like Firmata enables Flowboard
to become alive environment. Unlike in other embedded FBP environments, such as MicroFlo
or XOD, in Flowboard, there is no need to compile and upload the current program graph to the
Arduino each time the code is changed. Changes to the program graph are live immediately because
the iPad editor interprets the graph continuously, sending corresponding Firmata commands to
the Arduino to achieve the appropriate behavior. The device then computes the function the
corresponding node implements on the updated arguments. One or possibly more results of the
computation are forwarded to the node's output in the process.

Of course, there are also downsides to this system design: The Arduino cannot be disconnected
from the iPad to run the program graph in standalone mode, as is possible with standard embedded
IDEs. There are also limits to the real-time performance that the Bluetooth connection supports. For
our use cases of learning and beginning development, these issues were not critical. However, we
discuss possible ways to also generate Arduino standalone code underFuture Work. Flowboard aims
to facilitate exploration of embedded programming for learners, which usually revolve around small
and simple coding projects. Nevertheless, Flowboard's conceptual design allows integrating any
other microcontroller that can provide pins to the user. The design and software (e.g., the Firmata
protocol) would just need to be adapted regarding the number of pins and their characteristics (like
analog or digital).

Flowboard is also not `Turing-complete', but for its intended usage this was not our goal. Still,
the embedded system can be extended to commands and calculations the iPad can o�er. Therefore,
the power is not limited by the Arduino but can be as complex as the iPad is capable of, using
its processing and memory resources. Of course, the output of Flowboard is limited to what the

22https://github.com/�rmata/protocol/blob/master/protocol.md
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Fig. 3. Flowboard system architecture. The Arduino pins are brought out to the input and output side of
the Flowboard via the switchboard, which controls the connection to either side. The iPad runs the visual
flow-based editor, and communicates with both the Arduino and the switchboard via Bluetooth using the
Firmata protocol [11].

Arduino can control, but a complex command running on the iPad could be black-boxed again to
make the Arduino able to show the result, e.g., using a small screen.

Finally, Flowboard currently does not provide options for traditional troubleshooting of code,
but these could be adopted from other visual FBP enviroments.

3.3 Flowboard: Hardware Implementation

We chose to run our editor on a large tablet instead of a desktop because the resulting system lies
�at on the table when used. This allowed for a system design in which users place the electronics
directly adjacent to their program graph, creating a more seamless development space. Touch-based
interfaces have also been found to support more natural interactions that can support certain
learning activities [19, 22], and multitouch supports the collaboration of collocated users more
readily than a single-user desktop app [35].

3.4 Flowboard: Language, Visual Editor and Layout

Flowboard provides access to all digital and analog I/O pins on the Arduino except D0 and D1, which
are required for serial Bluetooth communication. However, most Arduino projects avoid using
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Fig. 4. Flowboard's editor a�er launching. Virtual I/O pins are visible on the le� and right. The bo�om menu
is only visible while the user picks a node to add to his program [11].

these pins for precisely that reason. By default, the switchboard connects all I/O pins to the input
side, matching the behavior of the Arduino and its ATmega microcontroller. If a user connects to a
virtual output pin in the visual editor, the editor automatically instructs the switchboard via Firmata
to toggle the corresponding electronic switch. Green LEDs on each pin indicate which direction
is currently active. No explicit user action is required for this switching. The two breadboards
have their power rails connected to the Arduino to power the user's circuits. For untethered use,
especially in the classroom, the Arduino, switchboard, and breadboard circuits can be powered
through a rechargeable power bank in the frame connected to the Arduino power jack. Alternatively,
the system can be powered via the Arduino USB connector. Since the iPad turned out to last long
enough for our sessions, it is not currently connected to the rest of the circuit electrically, although
charging it through the power bank is possible.

Below the screen, a hardware toggle switch lets the learner disconnect power from the bread-
boards while inserting or removing components, reducing the risk of short circuits. The Arduino
is not powered down by this switch to avoid disrupting the live processing of the Firmata sketch
running on it (an even safer design is discussed inFuture Work). The Flowboard case is lasercut
from plywood and consists of three layers. Its bottom layer contains the custom switchboard circuit
board, cabling, and battery. The middle layer supports the iPad and breadboards. The top layer has
cavities for the breadboards, the external pin row connectors, a power switch, and the iPad itself.

ACM Trans. Comput.-Hum. Interact., Vol. 1, No. 1, Article 1. Publication date: January 2022.



Flowboard: How Seamless, Live, Flow-Based Programming Impacts Learning to Code for Embedded Electronics 1:11

The three layers are held in place by the walls of the case. The rear wall has a connector for USB
power and a power switch to turn o� the power bank after untethered use.

Our Flowboard programming language is most similar in scope to other existing embedded FBP
IDEs such as XOD23 and Micro�o24. The UI layout di�ers from other tools but the basic concept
behind the nodes is similar. Besides standard nodes for basic mathematical and logical processing
functions, it includes nodes to work with more complex electronic components, such as RGB LED
strips using WS2812 controllers, servo motors, and serial OLED displays using I2C communication.
Initially, the editor displays an empty canvas to place nodes and connections on (Fig. 4). Virtual
representations of the I/O pins appear on both sides, aligned with the corresponding hardware
pins next to the iPad. A virtual pin is greyed out if the physical pin is currently connected to the
other side by the switchboard. Active pins are thus indicated both physically by their green LED
and virtually by not being greyed out on screen. Behind the scenes, the iPad does not program the
Arduino by uploading code as usual, but interacts with it by sending con�guration commands and
receiving results over a wireless serial interface. To maximize screen space for the program graph,
the node menu on the bottom is visible only while adding a node. The menu contains shortcuts to
categories for experienced users, but scrolling sideways shows all available node types. The visual
editor was implemented in the Swift 4.2 programming language as an app for iPad tablets running
iOS 12 or later. The user can interact with the editor via touch, providing an easy way to arrange
nodes on screen and connect them with each other and the virtual pins. The editor space can be
zoomed out to have more space for nodes and zoomed in again to work on single nodes more easily.

3.5 Programming Primitives

Resnick and Silverman[43] stated that the programming primitives�the `black boxes' chosen�have
to be designed carefully, as these determine what is visible to novices, and what they can explore
and understand with them. Flowboard's primitives are block-shaped nodes consisting of prede�ned
input and output ports. These inputs and outputs have a name and type (typical data types such
as string, integer, etc., as used in traditional programming languages like Java), but the type is
hidden from the user. Each node is designed to ful�ll a function, e.g., anif condition (Fig. 7), and
presents all elements (such as parameters) required to use the function. The user can con�gure
these elements via touch input. On the bottom, Flowboard's editor provides a menu holding the
library of nodes that can be dragged onto the editor's canvas (Fig. 4 and Fig. 5). The output values
of a node are the results of its internal logic: a computation that uses the node's respective values
at the input ports. Nodes are immediately live when appearing on the canvas and are initialized
with default values.

The editor provides well-established programming primitives, such as anif statement andgreater
thancomparison, but also includes nodes designed speci�cally for talking to electronic components
such as a servo motor or buzzer (see Fig. 7). In total, Flowboard currently o�ers 25 node types in
�ve categories for programming. Users can connect node ports and pins by drawing lines either
between an input and output port, between an input pin and input port, or between an output port
and output pin (see Fig. 5). For this, both drawing directions are possible. A connection between two
components can be overwritten by drawing a new connection starting from an output port. When
these connections are established, data �ows from the output to connected inputs. An output can
connect to multiple inputs, but inputs only accept one connection. Small triangles next to a node's
port visualize the direction of the data �ow. Flowboard provides a type-safe snapping mechanism,
i.e., only valid connections can be established. Flowboard's editor provides explanations for node

23https://xod.io
24http://micro�o.org
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Fig. 5. Flowboard's editor for the programming task: make an LED shine weakly resp. brightly, depending on
whether a force sensor exceeds a threshold. In comparison to figure 4, pin 10 is greyed out as input pin on the
le� as it is used as an output pin on the right [11].

functions via an `information' button next to each node type in the menu. These buttons explain in
detail what the node type is capable of, including usage examples with sample input and output
values.

3.6 Flowboard: Usage Scenario

Michael and Anna, two 14-year old students, found an �electronic dice� circuit online that uses LEDs to
indicate a random number rolled. For their favorite board game, they would like to build their own
variant that can roll numbers from 1 to 10 instead of 1 to 6. They have had a basic programming class
at school but found the complex language and many syntax rules intimidating. They have heard of
Arduino boards and are interested in learning how to use one for their project.

To get acquainted with Flowboard, they �rst follow a �Getting Started� tutorial to create a circuit
that lights up an LED when pressing a force sensor hard enough. They plug a force sensor and resistor
in series into the left `input' breadboard, creating a voltage divider, and use a jumper cable to connect
the center of that divider to a physical input pin marked with a tilde¹�º indicating that it can read
analog voltages (Fig. 6 and Fig. 8). Since Flowboard is a live IDE, the virtual input pin on the screen
edge immediately starts displaying the voltage applied to that physical pin as an integer.

Anna presses down on the sensor, watching the numbers on the virtual pin, and the friends determine
a value of 500 as a suitable threshold to turn on the LED. Next, they add a Greater-Than node in the
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