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Abstract: During their education, the future industrial and interaction designers are 
increasingly faced with constructing fully or partially functional physical prototypes. 
As physical computing involves interaction with the physical world through sensors 
and actuators, combined with abstract data-memory, these pose additional 
difficulties for learning. While flowcharts have been useful for learning programming, 
we posit that using flowcharts alone are not expressive enough to efficiently help 
learn physical computing. In this paper we present Bodygramming, to help the 
design-students understand how a programs function, from the perspective of the 
program in a physical computing device. In essence, Bodygramming means acting out 
the behaviour of a program step-by-step, by following the instructions written on 
magnetic flowchart cards. The acting enables the experience of how the 
asynchronous activities are related to the behaviour of the code, in a relatable human 
pace. Bodygramming suggests an alternative way to understand basic programming 
concepts and abstractions. 

Keywords: Bodygramming, Flowchart, Computational Thinking, Physical 
Computing, interaction design 

1. Introduction 
During their education, the future industrial and interaction designers are increasingly faced with 
constructing fully or partially functional physical prototypes. Thus, the role of industrial- and 
interaction designers has been evolving to the point that being conversant in programming logic has 
become a useful skill for a designer. This role includes learning the basics of programming, and at 
least being able to understand how the behaviour in interactable devices is formulated. The 
introduction of Arduino (Igoe, 2007), in its many forms, has made physical computing applicable to 
different topics, such as with Smart Textiles (Buechley, Eisenberg, Catchen, & Crockett, 2008). There 
are design research fields that often utilise physical computing, such as Research Through Design 
(RTD)  (Zimmerman, Forlizzi, & Evenson, 2007) and Constructive Design Research (CDR) (Koskinen, 
Zimmerman, Binder, Redstrom, & Wensveen, 2012). Furthermore, the notion of 'embodied 
understanding of practice' (Adams, Daly, Mann, & Dall’Alba, 2011) suggests that a designer should 
have practical knowledge, and extending this knowledge towards cross-disciplinary understanding is 
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beneficial. While multidisciplinary design education (‘Multi-disciplinary design education in the UK. 
Report and recommendations.’, 2010) has been recommended, there have already been educational 
experiments on a larger scale (Fleischmann, 2014), which support the need for expanding the design 
education. 

As physical computing involves interaction with the physical world through sensors and actuators, 
combined with a more abstract data-memory, these pose additional difficulties for learning. 
Representations such as flowcharts and pseudocode are good for explaining programming concepts 
for beginners. However, used alone they are static and abstract as metaphors, compared to an active 
program running on Arduino. As such, they do not adequately explain how a repeatedly looping 
program interacts with data, and how the inputs and outputs relate to the overall program flow. We 
interpret these as a need to build up the practical foundations for cross-disciplinary understanding in 
design education and propose that a future design professional should have at least a basic fluency in 
understanding and communicating basic engineering concepts, such as programming. When taken to 
a classroom setting, the design students thus have a need to learn prototyping skills in practice. With 
regards to programming, one effective way for teaching has been the use of flowcharts  (Hooshyar, 
Ahmad, Nasir, Shamshirband, & Horng, 2015). However, we posit that using flowcharts alone are not 
expressive enough to efficiently help learn physical computing. 

Bodily acting is supported by neurophysiological research, with a broad background suggesting that a 
body is a 'social entity' (Borghi & Cimatti, 2010), implying several perspectives for enforcing the 
learning experience through acting out in a group setting. Additionally, there is already evidence that 
moving (and dancing) might be useful as a way to visualise abstract concepts, such as cellular and 
molecular processes (Flink & Odde, 2012). However, introducing too many novel elements to the 
learning process might lead to problems: "If material cannot be learned without the simultaneous 
assimilation of multiple interacting elements, it is likely to be assumed that the material contains 
difficult concepts that are hard to understand" (Sweller, 1994). Thus, our setting aims to be minimal 
in the addition of new elements to learn, with the only genuinely novel aspect being the introduction 
of the program elements. By turning this around, we aim to reduce the cognitive load of learning by 
utilising commonly known everyday items, which the students are already familiar with, as the 
elements of learning. 

In this paper, we present a method for learning physical computing through bodily engagement in a 
design-orientated setting. To address these problems enjoyably, a method called Bodygramming was 
developed. It allows the students to observe how a program is executed, through acting out the 
flowchart behaviour. We discuss our findings on the utilisation of the method on a course in design 
education, suggesting the usefulness of the method for learning the basics of physical computing. 
The work presented here has been developed and utilised in practice in two prototyping courses, in 
Aalto University (Finland) and Syddansk Universitet (Denmark). This paper draws from the 
experiences from the former. 

2. RELATED WORKS 
2.1. DESIGN AS A COMPUTATIONAL FIELD 
Our educational setting for physical computing is deeply rooted within constructive design research 
(Koskinen et al., 2012), with a structure suggested loosely following the structure of the interactive 
prototyping course (Koskinen, 2009). However, instead of having six blocks in the course structure, 
we have simplified it down to three phases. As such, the focus is on the development of functional 



Bodygramming. Embodying the computational behaviour as a collective effort 

3	

prototypes, with programmable functionality based on digital electronics. The course begins with the 
parallel tasks of learning basics of electronics and programming and creating the concepts. This initial 
phase is followed by a prototyping phase, culminating to an end with the user evaluation using the 
prototypes. 

Learning is very much hands-on activity, where the students build small programmable digital 
sketches from the beginning. The students conduct background research based on ideation, conduct 
a field study, and develop their concepts based on them. They will then implement one of the 
concepts and attempt to evaluate those in the field. The students participating may have minimal 
programming experience if any. Thus, the students have to be able to manage aspects of form-giving, 
developing functionality, and conducting evaluations. As physical computing involves interaction 
with the physical world through sensors and actuators, combined with more abstract data (processor 
memory), these pose additional difficulties for learning. As the course requires the students to 
develop prototypes to real-life situations in a relatively short time-frame, they must be able to 
quickly learn the basics of programming, so that there’s time to create a prototype fit for user 
evaluation. The methodology presented in this paper focuses on the early steps of the learning, 
conducted parallel to the background research and concept creation. The principal methodology 
used in the actual prototyping-phase is based on a combination of flowcharts and state-machines 
(Newman, 1968), as well as traditional design tools such as storyboards (Curtis & Vertelney, 1990), 
scenarios (Carroll, 2000) and experience prototyping (Buchenau & Suri, 2000). Thus, Bodygramming 
should support those aspects. 

Within computer science, the process of understanding computation with some societal concerns 
has seen increasing interest since 2006, when Jeannette Wing discussed the notion of computational 
thinking (CT) as a way of approaching practical work (Wing, 2006, 2008). Having been described as 
the ability to work with a conceptualising mind, being able to abstract systems to emphasise 
essential details (ibid.). To elaborate on CT, and in addition to describing practical concepts of 
computational thinking, Hu (Hu, 2011) argues that this kind of thinking approach is connected to 
other fields of research, and that “ability to think critically, not the labelling of a thinking process” 
(ibid.) is what makes it meaningful.  This perspective has been further expanded to CT-practices 
(Weintrop et al., 2016). 

We interpret these as a need to build up the practical foundations for cross-disciplinary 
understanding in design education and propose that a future design professional should have at least 
a basic fluency in understanding and communicating basic engineering concepts, such as 
programming. When taken to a classroom setting, the design students thus have a need to learn 
prototyping skills in practice. With regards to programming, one effective way for teaching has been 
the use of flowcharts (Mikkonen, 2012). However, we posit that using flowcharts alone is not 
expressive enough to efficiently help learn physical computing in design. There have been different 
attempts to solve the issue of learning physical computing with manual, hands-on cards. I/O cards 
(Carneiro & Li, 2011)utilised several pre-made cards with descriptions of functionalities of physical 
computing components. These could be placed on different objects to develop and discuss the 
properties of the intended prototype. Tiles (Mora, Gianni, & Divitini, 2017) on the other hand, 
proposes a method and a large set of card with which to design IoT-concepts. The cards have been 
classified into seven different groups, each with a different purpose. Group four describes 
'connectors', which also contain logic operators. In addition to the cards, there is a clear set of steps 
for their use. These tools are intended for ideation, and to provide cues and information for 
development and learning. While useful in that context, our intended use places less value for 
providing starting points towards ideation. 
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In order to teach programming in the course, we have reproduced a set of cards, following the 
Flowcards-method mentioned earlier (Mikkonen, 2012), in order to utilise them to create a simplified 
version of structured flowcharts. They are practical for learning programming in a group setting, 
being magnet-based cards useable with a whiteboard. As the cards can be re-written with a non-
permanent marker, they are flexible to use on different levels of abstraction. Thus, for our purposes 
they are dynamic enough to be updated on the fly: a single card with an abstract description of 
behaviour can be replaced with a group of cards, each with specific instructions. The cards have 
some basic rules, such as limited branching (only one branch from any single branch-card, and only 
to the right), as shown in Figure 1. There is no limit to the number of branches in one row. However, 
the cards have some rules for returning: a branch can return only to a column of the originating 
branch, or to a left-hand side branch which begins and ends at the same horizontal level as the 
branch in question.  

  
Figure 1. Basic Flowcard-shapes, a diamond for a question and boxes for processes, which can be written on with a 
whiteboard marker. The cards have magnets, which allow the use with a whiteboard. 

2.2. Body-usage 
The use of the designer’s own body is not a novel concept in design or design education. One of the 
most well known is probably the Experience Prototyping (Buchenau & Suri, 2000) mentioned earlier. 
However, bodily engagement as a design tool has also been explored for the development of 
everyday robotic devices (Sirkin & Ju, 2014). They focus on bodily improvisation over several stages 
in the design process, while also utilising traditional means such as storyboards. Role-playing and 
acting out have been used in a mobile context (Iacucci, Kuutti, & Ranta, 2000), and is useful for the 
development of interactions as well (Buxton, 2007). In fact, there has been considerable work done 
to create a framework of 'Embodied Design Ideation' (Wilde, Vallgårda, & Tomico, 2017). Thus, we 
suggest that having experience with bodily engagement is useful for the design profession, and might 
be even needed as a skill. Furthermore, we directly see it as an interpretation of the 'embodied 
understanding of practice' (Adams et al., 2011). 

We focus on using the body as a translation tool for learning, rather than using the body as a tool for 
ideation in learning. Full-body Interaction for abstract learning has been explored in a detailed 
review (Malinverni & Pares, 2014), with several guidelines. The paper claims, "For metaphors to be 
correctly understood, they need to be based on strongly shared socio-cultural references". This need 
suggests that for a person to act with different objects, regardless of the socio-cultural background, 
physical objects and the spatial surroundings must be uniform in their use. Thus, a physical 
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representation of information storage, i.e. a variable, could be a physical container, such as a box. As 
only one instruction of a typical program has access to a variable at any given time, only one actor 
should access the metaphorical physical container at any given time.  

Furthermore, others should not be able to see what is inside the object, unless it is their turn to 
access it. Similar logic can be applied to inputs and outputs, sensors and actuators. The metaphorical 
equivalency suggests that spatial considerations may have relevance as well. There would be a 
physical 'place and order' for the pieces of code (instructions) that make the program, which in our 
case would be represented by a queue of students. Spatial thinking has been discussed as an 
essential factor for learning abstract concepts, "probably as important as verbal and mathematical 
thinking, for success in science, technology, engineering, and mathematics" (Newcombe, 2010). Even 
though the most significant benefits seem to be gained at the earlier stages of education career, 
challenging spatial thinking through metaphors may be useful for learning in our context as well. 

However, while discussing input-systems for the interaction, the review-paper (Malinverni & Pares, 
2014) also claims that "the definition of the input represents a fundamental starting point". In our 
translation to the embodied program context, this suggests that the simulated physical inputs to the 
acted program have clear limitations. Thus, such inputs can only be read by the students acting out 
the code, and that the student as observers clearly can see an external entity which affects the input. 
Learning using embodied interaction has been used to learn ratios in mathematics (Howison, Trninic, 
Reinholz, & Abrahamson, 2011). The system focused on using arm-movements for setting the ratios, 
by using a Wii-remote based system, with a display for feedback. In the paper, the authors suggest 
"Plausibly, certain mathematical concepts may be difficult to learn because our everyday experience 
fails to provide suitable dynamic imagery". Like maths, programming has similarly abstract concepts, 
which we claim are easier understood by embodying the program. The idea of computer-assisted 
learning might be useful to learning programming, such as using Scratch (Resnick et al., 2009). 
However, we have intentionally focused on a manual, non-computerised system. In our opinion, the 
abstract flexibility of a whiteboard and a pen is difficult to overcome. 

As one method of evaluation, we use design guidelines for developing effortful embodied interaction 
for learning, which were created from existing design frameworks (Lyons, Slattery, Jimenez, Lopez, & 
Moher, 2012). These guidelines suggest considering effort on several factors, such as of both the 
spectators and the performers, mapping the system, and the variety of activities. The general 
guidelines ask to consider three perspectives of the activity, and the specific guidelines have more 
detailed suggestions; we thus list three of the specific guidelines for later evaluation. "S1. Task 
difficulty should be structured to restrict the range of possible arousal, so as to better support 
memory formation.", "S2. Aligning the physical activity with a progressive narrative with a start and 
an end may contribute to memory formation.", "S7. Users should not know how much effort or time a 
task will take, or they will inconsistently perceive the degree of effort." Even though the system is 
based on computer system design, we use it to evaluate Bodygramming as an embodied system. 

3. BODYGRAMMING 
3.1. Purpose 
The primary purpose of Bodygramming is to help the design-students understand how a program 
functions in physical computing, where the simple microcontroller-based devices are often used. 
Microcontrollers, and programming systems such as Arduino, are very low-level devices. Thus, there 
is a relatively small amount of automation in the programs that are written in the introductory 
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courses, i.e. the program behaves almost directly according to the lines of code that the student can 
easily see.  Bodygramming addresses several areas related to physical computing and low-level 
programming, which are present in a typical Arduino-program. Primarily, it shows how each 
instruction or line of code is executed separately, and that the overall behaviour is based on the 
same instructions running in a loop. Each student acts out a separate part of the program, and the 
loop is executed, i.e. acted out, several times. Thus, the overall behaviour changes based on the 
varying results of the same decisions the students act out during each successive loop. 

In essence, Bodygramming means acting out the behaviour of a program step-by-step, by following 
the instructions written on flowcards. Each student has a numbered flowcard, contents of which they 
will act out when it is their turn to do so. This acting-in-group allows each student to observe the 
functionality of the program mechanics, as the representative and metaphorical real-world 
embodiments of the individual instructions. The equivalence of a 'bodygram' of students to a 
flowchart is shown in Figure 2., with a commonly used program for small classes. 

 

 
Figure 2. A top-down representation of a student 'bodygram', with the corresponding flowchart. 

Bodygramming aims to address several areas related to physical computing and low-level 
programming, which are present in a typical Arduino-program. Primarily, it shows how each 
instruction or line of code is executed separately, and that the overall behaviour is based on the 
same instructions running in a loop. Each student acts out a separate part of the program, and the 
loop is executed, i.e. acted out, several times. Thus, the overall behaviour changes based on the 
varying results of the same decisions the students act out during each successive loop. 
Bodygramming also draws attention to how a microcontroller manipulates the data. Data can be 
linked to the inputs and outputs but is typically related to storing variables. Bodygramming 
represents the inputs and the useable memory as tangible concepts, through the use of physical 
boxes and small objects, while the outputs are actual functional interactable devices. Only those 
students who have a card related to the data can interact with the box contents or a device, while 
others are not allowed to access them. 
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3.2. Bodygramming in Action 
The exercise is used as the first thing after the initial lecture, and the students start learning physical 
computing through practice. The teacher sets up the space for the exercise and assigns the 
Flowcards, each card with an individual instruction, to each student. In the space, there is at least 
one controllable light, such as a ceiling lamp, and plenty of room for the students to stand in two 
lines and observe the activity. The teacher sets up a 'counter-box' and a 'switch-box', along with 
some randomly available small objects that can be put to the boxes during the exercise. The 
'counter-box' and the 'switch-box' are easily available containers, such as cardboard boxes. These 
should be deep enough that the contents are not clearly visible, except when looked at from above. 
The space should have a whiteboard to facilitate immediate visualisation of the Bodygrammed 
program so that the students can place their Flowcards to it in the correct order. 

  
Figure 3. Bodygramming Setup. Red students each have one flowcard with written instruction. ‘Boxes’ represent memory 
and contain information that some red students may interact with. The ‘lamp-controller’ (in purple) can be given commands 
to control the lamp, to indicate that the hardware has specific commands.  User (in green) acts independently from any 
other student and represents an input. 

Depending on the number of students participating in the course, the total amount of cards can be 
adjusted prior. Usually, the teacher acts as the user, and the boxes are on the top of a table. The 
students with the cards controlling the light can also control the light switch directly. If there is an 
excess of students, additional roles can be given, such as to manage the boxes, to act as a 
controllable 'output-device' such as a lamp-controller, and to even act as the user.  An example of 
such a situation, with the 'bodygram-hardware' configured, i.e. extra students set to stand to be 
easily observable, as shown in Figure 3. 

The teacher keeps the pace as needed, and corrects any mistakes made by the students. The queue 
is started from the card labelled 1. and progressing forward as dictated by the instructions in the 
cards, and the results derived from the activity of the 'user'. The queue runs forward student by 
student, without any backwards loops except the from the end to the beginning. This behaviour is 
identical to the use of Flowcards, which do not allow smaller backwards loops. If there are several 
cards on the same row, numbers are augmented with a letter, in a growing order to the right. 
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Steps for the individual student: 

• Read a card instruction loudly 
• Perform the instruction in the card 
• Select the next in line and pass to them any results gained during performing 

3.3. Addressed Issues 
There are three main microprocessor actions where Bodygramming is useful for explaining the code 
execution, which in our opinion are the basis for managing initial steps towards prototypical 
complexity. From the perspective of the students, the memory is represented as a box. The box was 
selected as a metaphor for practical reasons: high sides obscure the contents but allow writing the 
'variable' name on the side. It also emphasises that the contents remain unaltered over successive 
loops unless interacted explicitly with. 

To convey an image of how a processor handles branching on an instruction level, the branches and 
decisions are acted as a student selecting the next student to act. A student with the branch-card has 
to take a look at the box contents or read the input directly, making the decision based on personally 
acted-on knowledge. Thus, the difference is on 'passed-on' volatile information and the more 
definite, variable-stored 'stable' information. This possibility for variation allows the branching to 
utilise direct input reading, as well as using the inputs through a variable. The same goes for 
manipulating, e.g. the control register of the processor; however this level of detail is not typically 
required in a design education context. As the inputs can change at any time (i.e. be volatile) during 
the operation of a processor, different ways of branching can be used to illustrate how the data can 
be used, and how it becomes useable. 

If the program is controlling an output, the student with a card containing an output-control 
instruction will physically control the example-device. To explain the use in Bodygramming, a device 
with an on/off -switch is used. This device is typically a desk-lamp, or, e.g. a two-state switch 
controlling the lights on the hallway or the classroom. To accurately simulate an output-device, the 
behaviour during the activation must be considered.  

3.4. After the Exercise 
After the Bodygramming exercise has been run for several enough loops that the students expect 
what will happen, the acting is stopped. The students are then instructed to set the Flowcards to a 
whiteboard in the correct order, verifiable through the numbers and letters in the cards’ corners. The 
teacher connects the programs branches and jumps while explaining how the physical exercise is 
represented in the simple instructions written to each Flowcard. 

Bodygramming has been primarily used to show how a simple user-activated timer works, but also 
for other things, such as for receiving data over serial communication. The exercise along with the 
different products that could utilise such program in practice are discussed with the students. 
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Figure 4. Input-math-output, an example of a typical program. The numbered flowcards form a program for a light-timer, 
which can be then programmed afterwards. 

 
Figure 5. The students evaluating the Flowcards as a team. Each group interacts with their own set of cards in front of a 
whiteboard, with the goal of making a program with a specific behaviour. Earlier 11-card example is left for reference in the 
middle. 
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An example of a common flowchart is shown in Figure 4., with a commonly-used 'input-math-
output'-programming approach drawn for support. The figure also shows the individual numbered 
Flowcards, combined with hand-drawn jumps and the returning loop, which the teacher draws while 
explaining their purpose. This teacher-led activity is then followed with a set of simple exercises 
using the Flowcards, where the students make similar but simple algorithms in teams, as shown in 
Figure 5. In the figure, the 11-card Bodygramming exercise can be seen in the middle of the 
whiteboard. The algorithm-tasks are selected so that they can be implemented in practice with 
Arduino in the following exercises, but the primary purpose is for the students to discuss the 
behaviour made using the cards.  

3.5. An example of interfacing with the memory 

 
Figure 6. Accessing a memory in four steps, with the memory represented by a box on a table. This activity shows that only 
those instructions that access the memory can read or alter it, while the rest of the instructions have no direct interaction 
with it. 

An example of how the exercise works in practice is shown in Figure 6., with all the students being 
able to observe the tasks at hand, as well as the locations of the interactable 'hardware' in the 
classroom. Each student has been given a Flowcard with an individual flowchart instruction, 
represented in white. The grey students represent the flowchart elements which have been already 
acted out, while the green ones have not yet been active. On the top left, a student has just finished 
her task (student in yellow), and the next student in line begins by reading his Flowcard (student in 
blue). The blue-student instructions say that the student should "set a flag-bit", which in practice is 
equal to accessing the processor memory, represented in reality by the blue box. Thus, the student 
walks over to the box, preparing to insert one object (represented in purple) inside, as shown in the 
top-right. The student accessing the ‘memory-box' is shown in the bottom-left corner, with the 
insertion of an object from the table to the box being equal to setting a flag, or a bit in a variable. 
Having completed the memory access, the student returns to the line, and the next one starts to 
prepare for his task (student in red). It should be noted, that the items outside the box, on the table, 
are not considered existing from the program's point of view, unless inserted into a box. 
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4. EVALUATION 
To evaluate how the students have perceived Bodygramming in relation to the flowcharts and 
learning physical computing, an invitation to participate in  an online survey was sent to the students 
from the 2012 - 2017 classes. The Bodygramming-exercise and the Flowcards have been in use since 
2012, so the answers are somewhat comparable over the years. They were asked to write about 
what they remember about the course. After that, to write about their experiences with flowcharts, 
state machines, and storyboards as a basis for making a program for Arduino. In addition to this, 
teacher observations are noted. 

4.1. Results 
The survey was answered by 16 students; therefore, it must be understood that the findings are only 
partially representative of the overall student mass. The essay answers indicate very positive 
memories with almost all of the students who answered (15/16). "[The] course was the best course 
at the [university] which I accomplished" (P5), and "It was a wonderful, really intense course" (P4). 
The aspect of intensity, being demanding or specifically remembering it as time-consuming was 
mentioned in roughly one-third of the answers (5/16).  "It was a very busy course but in the end a 
very rewarding one that was among the best I have taken at masters level. Personally, the learning 
outcomes were much deeper than any other course I have experienced in the industrial design 
department" (P12). 

The learning programming was mentioned in almost all of the generic answers (14/16). Some started 
from scratch, "I remember learning about the very basics of "if" "then" code which really helped me 
understand the basic logic used within computing of varying degrees" (P2) and "Basically I had no 
idea of coding and language. From [course], I understood basic concept of coding" (P9). However, the 
course was also useful for those who had already had prior experience with coding, "I had some 
experience with programming from before, but I had always dived right into the code instead of first 
plotting out the program using flowcharts. Learning how to make those turned out to be really useful 
in designing and verifying how the program should work even before a single line of code was 
written. It gives you sort of a quick bird's eye view of what you're doing" (P13). However, one 
comment summarises the learning experience as "You taught everyone how to code in less than a 
month that was something none of us felt we could do. But we did it and we excelled" (P7). 

While Bodygramming exercise was mentioned by two of the students while asked in general, it was 
mentioned by two more when asked about flowcharts. The mentions varied from a little more than a 
memory to a clearly positive experience. "I remember acting as codes on day 1. I guess that was 
helpful but it's very basic" (P6). "The basic concepts were well-illustrated with different metaphors, 
games (students representing blocks of code), simple steps for getting started with coding and easy 
exercises with Arduino…" (P11) and "Moving from physical game to flowchart to code was helpful in 
piecing together bits of information that were hard to remember together simultaneously" (P1). 

4.2. Teacher observations 
In addition to the findings, the teacher has made several subjective and independent observations. 
The students, in general, seem to be enjoying the activity and have fun doing it. They do seem to be 
having surprises on seeing how simple the individual steps are, and the exercise does seem to take 
away some mystery from the programming. During the exercise, the students have made some 
mistakes, such as acting the instruction without speaking aloud, acting by assuming the box contents 
(remembering, deducing, or just being mistaken), i.e. not checking the box and making a wrong 
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branch. These are corrected immediately, and the exercise generally continued until no mistakes 
happen. 

5. Discussion 
While such a low amount of answers is only indicative, it does suggest further research 
opportunities. The teacher has made several subjective and independent observations, which 
corroborate the survey findings. It should also be noted, that the student mass has been generally 
selected along the same guidelines. This uniformity may form a unique and specific group, and 
therefore must be understood to homogenise the participants in some qualities. The students, in 
general, seemed to be enjoying the activity and had fun doing the Bodygramming acting out. Their 
experience typically started with confused standing, then transformed to organised acting out, 
where one could see if something went or was amiss. They did seem to express surprise upon seeing 
how simple the individual steps are, and that put together, they make a sensible structure. While the 
overall learning experience has been reported as very positive, it is difficult to say how much 
Bodygramming actually influenced the learning. However, the students with very minimal 
programming skills did manage to learn how to code, and the majority remembered the flowcharts 
and their usefulness. Bodygramming as an activity was not the first memory of the teaching, nor has 
it been intended as such. When specifically asked, the majority of the students who answered did 
remember it. It could just be, that after the students focused on the real programming, the 
experience of Bodygramming may have been mixed with flowcharts, and thus became less relevant 
to remember. Regardless, this may suggest it to be of relevance in computational thinking (Wing, 
2008), specifically in learning abstraction and modelling aspects (Weintrop et al., 2016). 

While it appears to work well together with Flowcards (Mikkonen, 2012), it might be adaptable to, 
e.g. Tiles cards (specifically group four, connectors) (Mora et al., 2017), or any other similar system 
with 'if-then'-logic. The teacher involvement is essential during the Bodygramming, as guidance is 
needed to immediately rectify the mistakes during the acting. These usually get straightened out by 
going through the program loop several times: one loop is needed to just to get the hang of it, 
learning the switch locations and basic operation of the cards. Bodygramming fits embodied learning 
guidelines (Lyons et al., 2012),  as each student has to act as a spectator and as a performer: the 
activity provides both perspectives and requiring the students to put themselves in different roles. 
However, as Bodygramming is not intended to be an isolated activity, it needs to be followed up with 
the physical prototyping through incremental activities. The acting enabled the experience of how 
the asynchronous activities are related to the behaviour of the code, in a relatable human pace. 

The teacher can control the exercise by acting as the user. In that role, the teacher can prolong or 
shorten the exercise duration, in order to clarify the repetitive behaviour and to prevent boredom. 
Most importantly, the teacher can emphasise the asynchronous aspects between input and the 
internal behaviour of the processor. This emphasis can be accentuated by deliberately 'switching the 
input on' at different times, or by doing it unnoticed from students. Placing focus on this aspect also 
further underlines that the looping structure will eventually take care of the changed input, even 
though it would be acted on at a singular moment during Bodygramming. 

We can examine Bodygramming through the embodied learning guidelines (Lyons et al., 2012). The 
effort required by each student is similar: as each student has to act as a spectator and as a 
performer, the activity provides both perspectives and requiring the students to put themselves in 
different roles. However, the mapping of the overall output (the code) is done in two ways, first by 
acting out the program behaviour several times and secondly by placing the cards to the wall at the 
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end. As the students are first required to act, follow and think through the Bodygramming exercise 
before seeing the actual flowchart, they go through different metaphors for understanding the 
behaviour of the code. Task difficulty is limited and predetermined, so this should support memory 
formation according to S1. Similarly, for S2, the act of bodygramming has a definite start, an acted 
out activity which is visible and ends with a visual representation of the activity. As the students are 
not informed of the activity before-hand, S7 will be automatically fulfilled by their own experiences. 

However, as Bodygramming is not intended to be an isolated activity, it needs to be followed up with 
the physical prototyping and incrementally building exercises. The basic concepts were mentioned to 
be well taught in several answers, and the metaphors were seen important for learning. The acting 
enabled the experience of how asynchronous activities are related to the behaviour of the code, in 
relatable human pace. Would Bodygramming be capable of giving students a new way of expressing 
their ideas? While our method was not utilised in suggesting novelty for interactions, future research 
can approach this through experience prototyping (Buchenau & Suri, 2000). Others seem to promote 
this possibility, and even suggest being open-minded for an alternative expression in science: 
"Perhaps the dancers have injected a new idea into the process" (Flink & Odde, 2012). Finally, while 
not explored as such, the methodology interesting to evaluate at the elementary school level, to be 
combined with activities related to computational thinking (Wing, 2008).  

6. Conclusions 
In this paper, we have presented Bodygramming, a method for acting out the dynamic aspects not 
visible with a static flowchart. The method was used with Flowcards, used for creating flowcharts in a 
classroom setting. Our findings suggest Bodygramming to be an enjoyable and playful way to relate 
to physical computing basics. As Bodygramming addresses different abstractions through the 
embodied experience, it provides an alternative way to understand basic programming concepts. 
Acted out decisions become meaningful, as the results are linked to the successive loops. Future 
work should be on exploring Bodygramming at different educational levels and group sizes, as well as 
exploring the use in the context of parallel and non-localised systems, i.e. how to design for IoT. 
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