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ABSTRACT 
In this paper, we propose a playful tool to predict protein-protein 
docking. The tool uses human bodies to explore better protein-
protein docking, where it offers natural interactions to dock 
protein molecules in a flexible way and playful interactions 
through two users’ cooperative body movements. We present the 
design and implementation of the proposed tool and show 
potential opportunities and pitfalls of the current tool.  

CCS CONCEPTS 
•  Human-centred computing → Human computer 
interaction (HCI); 
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1 INTRODUCTION 
Interactions occur when two or more proteins bind together, 
called protein-protein docking (PPD). PPD can be considered as a 
kind of puzzles to find better combination of proteins [17, 31]. As 
claimed in [17], Guillaume Levieux at al. said the PPD research 
field could benefit from intuitive and interactive tools that lead to 
rapid gains in general knowledge or provide new ideas by trial 
and error exploration. For example, as shown in [34], a tangible 
device is adopted to more naturally manipulate PPD for docking 
proteins. Also, virtual reality technologies are used to make 
manipulating PPD more immersive [9, 23]. 
Several graphical interactive tools have been developed to explore 
PPD [17, 31]. One current significant trend is to develop tools for 
non-researchers, such as Udock [17] and Bioblox [31], to explore 
PPD as a puzzle solving game, and such tools might help promote 
interest in the research field.  
Game-based citizen science tools like FoldIt [6, 16] and EteRNA 
[32] have contributed to accelerate recent science's progress. They 
were paid great attention because non-experts could find new 
scientific facts. However, the approach mainly fascinates only 
hardcore gamers because finding new facts is too challenging for 
casual users and did not fascinate them for long periods. Our 
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approach seeks a new direction to attract casual users to more 
actively contribute to citizen science. 
This paper proposes a playful tool to predict PPD. As shown in 
Figure 1, our tool allows two users to explore PPD cooperatively 
through whole-body actions, similar to dancing movement. The 
advantage of the tool is that the proposed tool uses the entire 
body’s movement to manipulate PPD. The tool is similar to a 
casual game for using human bodies, such as Dance Dance 
Revolution [29]. The approach may attract more users than 
traditional video game-based approaches [12]. Our tool can be 
used to manipulate PPD by two users together through their body 
actions, so they can find more desirable protein docking forms 
through their collaborative dance like body movement.  

2 BACKGROUND 
2.1 Protein-Protein Docking (PPD) 
PPD is a problem to predict a three-dimensional structure of a 
protein complex from the structures of its components. Due to the 
difficulty of experimental methods for protein tertiary structure 
determination, there are more experimentally determined 
structures of single proteins than of protein complexes. In 
addition, recent progress in computational modeling has enabled 
accurate prediction of a single protein’s structure from an amino 
acid sequence [7, 19]. Therefore, there is high demand for PPD, 
which gives important insight into the molecular recognition of 
unknown complexes. The typical use is for drug discovery. By 
using PPD, potential binding sites of disease-related proteins can 
be exhaustively screened without conducting costly biochemical 
experiments. 
In PPD, binding affinity of a docking pose (potential complex 
structure) is assessed by a score based on physicochemical 
properties of interactive residues, such as shape complementarity 
and electrostatic interactions. The major approach for finding the 
best pose is to regard the component proteins as rigid bodies and 
to search all the possible poses in a six-dimensional rotational and 
translational space with a predefined resolution. To conduct the 
search efficiently, fast Fourier transform is used. The approach is 
called rigid body docking, and various tools have been developed 
[9, 17, 31]. Despite its computational efficiency, rigid docking has 
an inherent limitation in accuracy because conformations of the 
component proteins often change upon complex formation.  

2.2 Citizen Science and Gamification 
Citizen science is scientific research conducted by 
nonprofessional scientists [4, 11]. Citizen science is sometimes 
considered a crowdsourcing activity in scientific research, and it 
increases the public’s understanding of science. The purpose of 
citizen science may be for nonprofessional people to voluntarily 
collect data for, share data with, or analyze data for professional 
scientists in the pursuit of contributing toward scientific 
knowledge. Citizen science is also known as crowdsourcing-based 
science; the aim may be to take advantage of so-called crowd 
wisdom, whereby multiple people will be better at solving a given 
problem, or simply to spread the workload.  
Gamification is the practice of making tasks more like games by 
employing game elements [8, 21, 27]. Gamification has become 

common in the private sector and has spread to education, health, 
government, and science, taking advantage of the widespread 
activity of game playing. Additionally, gamification is a good 
method to collect data from crowds [33]. Within the life sciences, 
at the intersection of citizen science, crowdsourcing and 
gamification, there have been many activities where game playing 
is used to solve scientific problems [30]. Such game-like platforms 
are employed in the areas of molecular docking [17, 31]. 

3 BASIC DESIGN 
In this section, we first explain some basic functions to manipulate 
PPD. Then, we present how to navigate the basic functions 
through users’ body actions. Finally, we show our current 
approach to include auditory feedback in the proposed tool. 

3.1 Modelling and Manipulating Molecular Docking 
Visually Modeling Proteins: We use the Protein Data Bank 
(PDB) file that records the three-dimensional structure 
information of a single protein to represent the protein 
information that needs to be displayed and to generate a protein 
model from the coordinate information. This constitutes the 
protein molecule in a three-dimensional space, where PDB is a 
database and a standard data format used in the database for the 
three-dimensional structural data of large biological molecules, 
such as proteins and nucleic acids [3]. The contents of the PDB 
file describe various information about the protein itself, such as 
the amino acid type of each residue constituting the protein, 
coordinate information in three-dimensional space, and so on. In 
our tool, the protein is represented by a light blue and white model. 
The white part represents the atoms in the main chains, and the 
light blue part represents the atoms in the side chains. 
Model Manipulation Functions: The current version of the tool 
supports seven functions. The following five functions are used to 
navigate proteins. A user is able to move the two proteins (Move), 
rotate the side chains of proteins (RSChain), change the viewpoint 
(CView), zoom in/out on the proteins (Zoom) and rotate the 
proteins (Rotate). In addition to the above functions, there are two 
more functions: the first is to change the transparency of the 
protein surface (Trans), and the second is to cut the surface of the 
protein on any plane (Cut). These two functions are especially 
useful for considering better strategies to manipulate side chains. 
Thus, introducing the two functions is essential because 
manipulating side chains is a unique feature in our tool. The 
function of changing the transparency of the protein is shown in 
the upper part of Figure 2. The function of cutting the surface of 
the protein is shown in the bottom part of Figure 2. This function 
is expected to facilitate comprehension of the surface shape at the 
position where the proteins touch each other, and it will thus be 
easier to predict the binding position. Figure 2 is the screenshot of 
the actual tool’s scene. 
Binding Score Calculation: Regarding the calculation of the 
binding score, which is a key component representing the success 
of molecular docking, we used the score function in the protein 
docking software named MEGADOCK [24, 25]. After inputting 
the PDB file of two single proteins for which the tool wants to 
predict complex structure and the moving distance of the three-
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dimensional space and the rotation angle, the binding score 
corresponding to the positions is calculated. 

 
Figure 2: Transparency and Cut Operations 

Prototype Implementation: We have developed three modes of 
the proposed tool: desktop mode, one user body action mode, and 
two users body action mode. All modes use the game engine Unity 
(2018.3.11f1) [35] to visualize PPD. In a desktop mode, we can use 
a mouse and keyboard to operate the above functions, which are 
similar to the other popular related tools Udock and Bioblox. The 
left side of Figure 1 presents a screenshot that a user uses the 
desktop mode, where the slide bars in the screenshot are used for 
implementing the Move, Trans and Cut function, and the user can 
rotate proteins and side chaines by directly dragging them with 
the mouse. The one user and two users body action modes 
navigate protein docking through body actions as presented in the 
next subsection. In the two users body action mode, two users can 
navigate proteins cooperatively, where the first user mainly 
manipulates one protein and the second user mainly manipulates 
another. 

3.2 Manipulating Molecular Docking with Body Actions 
We designed different body actions and poses to operate the 
model manipulation functions presented in Section 3.1. For 
analyzing body actions, we use Microsoft Kinect for the current 
prototype implementation. The current design mainly considered 
how each body action looks like dancing. Figure 3 and Figure 4 
show the body actions used in the current tool. To change the 
view point (CView), a user leans left/right to change the 
horizontal view angle, as shown in Figure 3-a and 3-b, and lean 
forward/back to change the vertical view angle, as shown in 
Figure 3-c and 3-d. A user pulls/pushes his/her hand to zoom 
in/out, as shown in Figure 3-e and 3-f (Zoom). A user also raises 
two hands to go back to the original view point, as shown in 
Figure 3-g. A user moves his/her hand as a cursor and chooses the 
side chain that he/she wants to rotate by making a fist. Then, the 
side chain he/she chooses will start to rotate until the user stops 
fisting (RSChain). The user can rotate the protein by moving 
his/her hand in the desired direction (Rotate). Our tool will record 
the initial and end position of the hand and calculate the rotation 

direction. Then, it is easy to rotate the protein to the desired 
direction with a fixed angle.  

 
Figure 3: Body Actions and Poses used in the Tool (1) 

 
Figure 4: Body Actions and Poses used in the Tool (2) 

 
Figure 5: Using the Tool with Two Users 

A user swipes left/right/up/down to increase or decrease the 
transparency of two protein surfaces, as shown in Figure 4-a, 4-b, 
4-c, and 4-d (Trans). A user kicks left/right to cut the surface of 
the protein and raises the left/right hand to recover the surface, as 
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shown in Figure 4-e and 4-f (Cut). A user waves his/her hand to 
make two proteins closer together, as shown Figure 4-g, squats to 
make them farther apart, as shown in Figure 4-h, and does a T-
pose to let them stop moving, as shown in Figure 4-i (Move). 
In the two users body action mode, two users can operate all 
functions by using the same body actions as one user mode at the 
same time. Figure 5 shows the view to use the tool with two users. 

3.3  Ambient Auditory Feedback Design 
Visual feedback is commonly used for delivering information [20]. 
However, auditory feedback is usually better than visual written 
feedback [18]. In particular, the sound feedback should not disturb 
other people’s activities. We have considered using musical sound 
as ambient audio feedback in the current tool. The current 
prototype changes the music’s speed and tone according to the 
current score because we are aware of the change, but the change 
does not make us uncomfortable. 

4 A USER EXPERIENCE STUDY 
This section reports the potential opportunities of the tool for 
casual users. We hired 15 participants (P1-P15, age m=28.8, 
SD=9.2, 5 females) voluntarily. Each participant was first given 
background knowledge of PPD and took a profiling questionnaire. 
Next, we did a body action tutorial. Then, we let the participant 
experience the one user body action mode of the tool, the two 
users body action mode and the desktop mode in the order. When 
using the two users body action mode, the first user is each 
participant, and the second user is one of authors, where the 
second user helped the first user when the first user did not know 
what to do. Each participant was asked to find a better 
combination of proteins and to try to get higher score guided by 
ambient sound feedback when using respective modes. Finally, we 
conducted interviews with the participants, where we mainly 
asked participants when and where the tool is suitable to be used 
and how the usability of the body action-based gestures and the 
ambient sound-based score feedback.  
Their comments are categorized as follows. For the first category 
of participants’ comments, most of the participants thought that 
science and technology museums, where the related knowledge is 
introduced, are appropriate places to use the tool. Some of them 
also thought another opportunity could be college open campus 
events. In particular, in the biology technology major, the visiting 
students will get interested in the major and be able to better 
understand the field by experiencing our tool. P3 and P7 also said 
“I believe the body action modes are more interesting than desktop 
mode, especially for younger children.” 
For the two users body action mode, most people had a good 
experience when one of the users was a biology expert; he/she can 
use such a tool in the teaching process to guide students to obtain 
a better result, to achieve student’s understanding of the scientific 
field, and to increase their interest. However, P14 said “It is better 
to have an expert person to give a guidance next to them rather than 
play with them as a partner, since it will decrease the participation 
of the game.” Most of the participants hoped to receive a hint while 
using the tool, since they did not know which PPD was better. 

Without background knowledge, some of the participants were 
confused and maybe did not want to have a second experience. 
Second, regarding the design of our body actions, most 
participants thought that it was difficult to remember the actions; 
it will take time to become proficient. Therefore, they 
recommended showing feedback as to which actions they are 
currently taking on the screen, so they will know which body 
action they have done. Additionally, P9 and 14 said “For the two 
users mode, it’s better to separate the functions, for example one user 
controls one protein, and another controls another protein, not 
simultaneously.” On the other hand, P15 said “If I want to use this 
tool for exercise, the movement of the body actions needs to be larger.” 
Most participants also considered that, since body actions are a 
universal language, this tool might be more appropriate in public 
spaces, such as museums and college events.  
Finally, regarding the auditory feedback, most of the participants 
thought using ambient music to represent the scores was a good 
and enjoyable design. They said that they felt a little bored and 
lonely without music. Because they do not need to focus on the 
scores, their concentration will be more focused on the interaction 
with proteins. However, for some of participants, the music’s 
changes were not obvious as they concentrated. P13 said 
“Compared with video games, the direct and intuitive expression of 
scores can motivate people because everyone wants to get higher 
scores, such as using the number of stars to indicate the level of the 
score.” For the two users mode, P5 said “Since I need to 
communicate with my partner, I may ignore the music, so the score 
can be shown through both hearing and vision.” 

5 DISCUSSION AND FUTURE DIRECTION 
From the user experience study, one of the tool's significant use 
cases is to use it with a computational biology expert and a casual 
youth who has interests in recent advanced scientific findings. 
The expert can teach the youth how PPD plays an important role 
in recent and future human progress during their collaboration. 
Our tool may be applied in science museum exhibitions for some 
educational goals. if the visitors experience our tool there, they 
may be interested in this background field and show more 
understanding, with greater possibilities. We like to investigate 
the effects on science education and stimulating reflective 
thinking to understand scientific facts [14, 15, 16] in the next step. 
The comments in the experience study suggest us to reinvestigate 
its current body action-based gesture design. The accuracy to 
recognize the body actions depends on how a user builds a proper 
mental model to manipulate proteins intuitively [1, 2, 28], but the 
current design is not well considered to achieve the better 
accuracy and learnability. In future, we like to redesign body 
actions based gestures on findings in existing work [5, 22, 26]. 
The current experience study did not investigate how a user can 
find better combinations of proteins by using the tool. Especially, 
we do not know how the body action modes are better than the 
desktop mode in terms of challenge-ability to find better proteins’ 
combinations.  The results present that our approach is good for 
casual users, but we currently do not know whether the approach 
is also suitable for hard core gamers.  
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