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ABSTRACT 
Shape-changing interfaces (SCI) are rapidly evolving and 
creating new interaction paradigms in human-computer 
interaction (HCI). However, empirical research in SCI is 
still bound to present technological limitations and existing 
prototypes can only show a limited number of potential 
applications for shape change. In this paper we attempt to 
broaden the pool of examples of what shape change may be 
good for by investigating SCI using Science Fiction (Sci-Fi) 
movies. We look at 340 Sci-Fi movies to identify instances 
of SCI and analyze their behavioral patterns and the context 
in which they are used. The result of our analysis presents 
four emerging behavioral patterns of shape change: (1) 
Reconfiguration, (2) Transformation, (3) Adaptation, and 
(4) Physicalization. We report a selection of SCI instances 
from Sci-Fi movies, which show how these behavioral 
patterns model functionalities of shape change and what 
they can do. Finally, we conclude by providing a discussion 
on how our results can inspire the design of SCI. 
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ACM Classification Keywords 
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INTRODUCTION 
Shape-changing interfaces (SCI) are introducing new 
interaction paradigms through dynamic affordances, shape 
actuation, and deformability, which are redefining the way 
in which we interact with computers. For instance, SCI can 
afford new gestures through the use of malleable and soft 
materials (often referred to also as Deformable Interfaces), 
which allow users to input through stretch, bend, twist, or 
squeeze (e.g., see [39,41]).  

Several prototypes of SCI propose the use of dynamic 
actuation and physical shape change for various purposes 
(e.g., [6,7,24,25,43,46]); these work show how the dynamic 
affordances [11,15] provided by SCI can radically change 
the relationship between users and interactive interfaces. In 
light of the new interactive possibilities offered by SCI 
various studies have systematically investigated new input 
modalities that use shape change [1,27,40,44], while others 
measured the emotional response of users to SCI [28]. Also, 
models of shape change and frameworks that can help the 
design of SCI are emerging [30,31].  

However, in spite of the increasing number of studies and 
technical endeavors, our understandings of what SCI are 
good for is still limited, and the relationships between shape 
change behaviors and their functional purposes are still 
unclear. We want to look at SCI from a perspective that is 
not only bound to the technical limitations imposed by 
prototyping, so as to broaden our view on what shape 
change and SCI can do.  

We argue that Sci-Fi, and specifically Sci-Fi movies, may 
represent a valid source of information in that respect, due 
to their creative and inspirational approach towards the 
vision of future technology. Also, Sci-Fi movies often 
provide concrete scenarios that contextualize the use of 
forthcoming technology [34]. Furthermore, it has been 
shown how a reflective approach to design [2,37,48] and 

     
Figure 1: Four SCI behavioral patterns: (a) Reconfiguration, (b) Transformation, (c) Adaptation, and (d) Physicalization. 
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studies of HCI inspired by Sci-Fi movies [5,14,33] can be 
used to inform concretely the design of technology and help 
envisioning how they will be used in the future.  

We present an analysis of 340 Sci-Fi movies through which 
we identified 101 instances of SCI and analyzed them using 
thematic analysis [35], and affinity diagraming similarly to 
previous work on proxemics [10]. Our work contributes the 
following to the field of shape change: (1) an analysis of 
SCI instances from Sci-Fi movies that describes four 
behavioral patterns of shape change and what they can do, 
and (2) a discussion of how our results can inspire the 
design of SCI, as well as to help better understanding the 
relationship between certain shape change behaviors and 
functional purposes. Our contributions are mainly directed 
towards designers of interactive interfaces to inspire them 
in the design of future SCI. 

RELATED WORK 
We position our work in relation to (1) shape-changing 
interfaces and (2) interactive interfaces investigated through 
science fiction, especially Sci-Fi movies. Next, we review 
related work in both areas. 

Shape-Changing Interfaces 
Previous work with SCI showed how interactive interfaces 
that use dynamic actuation and physical shape change could 
be used for various purposes. For instance, SCI have been 
used as shape-changing mobile phones to express particular 
emotions through motion, such as avoidance or approach 
[12]. Other work show how a shape-changing faucet can be 
used to make users aware of water consumption [38], or 
how a shape-changing display could physically augment 
graphical contents through shape actuation [7]; such 
displays could be used to physically explore data [36], or 
for navigating on shape-changing maps [23]. Among the 
various applications proposed by existing prototypes are 
also pneumatically actuated lamps [45], shape-retaining 
interfaces [6], shape-changing robots [4,21,22], actuated 
garments [29], and broad range of shape-changing mobiles 
[8,9,17,18,20,26,27,47].  

However, existing prototypes of SCI provide examples of 
shape change that are limited to the present technological 
advance. As a consequence, many applications and contexts 
for the use of shape change are still unexplored or remain 
conceptual (e.g., Ishii’s Radical Atoms [15]). Because Sci-
Fi movies are free from such technical limitations, we argue 
that they might show us new and unseen examples of shape 
change. Furthermore, no previous work on SCI has tried to 
analyze the relationship between shape change behavior of 
SCI and their functionalities, or gathered insight from Sci-
Fi movies and tried to use them to help and inspire visions 
of future design for SCI. 

Sci-Fi Movies and HCI 
Sci-Fi movies have been used in previous work in HCI as 
source of inspiration and information. These studies often 
highlighted how Sci-Fi movies can represent a valid source 
to investigate future technologies, in which they creatively 
inspire the vision of future technology and often display 

their use into context. Previous work investigated the link 
between real world and Sci-Fi technologies, showing how 
the fictional and the scientific fields can mutually influence 
each other. Schmitz et al. [33] carried out a survey on how 
the design of technology in HCI can be influenced by Sci-Fi 
movies. Their work shows how Sci-Fi movies often 
anticipate future technologies and influence audiences’ 
expectances towards them. For instance, they point out how 
the TricoRder appearing in Star Trek: Next Generation 
anticipated technology like PDA already in 1987. Kurosu 
investigated user interfaces (UI) that appeared in Sci-Fi 
movies and analyzed their feasibility in real-life [19]. His 
analysis produced two main points of reflection: (1) it 
seems that technological advance in HCI influences the way 
directors design technologies that appear in Sci-Fi movies, 
and (2) Sci-Fi movies can provide a clear context to help 
designers and researchers in HCI imagining the role of 
future technology.  

Sherdoff et al. presented results from a five year’s 
investigation on Sci-Fi movies [34] from which they outline 
insights for designers of interactive technologies. The 
authors define four ways in which Sci-Fi influences 
designers: (1) Inspiration, (2) Expectations, (3) Social 
Context, and (4) New Paradigms. In synthesis, the authors 
explain that Sci-Fi has directly inspired the technological 
development of certain interactive interfaces (e.g., Xenotran 
Mark II), providing expectations for future interactions 
(e.g., the Star Trek communicator anticipating the Motorola 
Star-TAC), depicting the social contexts in which the 
interfaces are used, and proposing new paradigms of 
interaction (e.g., Minority Report and its mid-air input).  

Finally, Figueirado et al. analyzed 24 Sci-Fi movies [5], 
from which they collected and categorized a compilation of 
hand gestures and interactions. Their work is an example of 
how Sci-Fi movies can be used as research material to 
concretely inspire designers on new input methods for 
interactive interfaces.  

The work that we present in this paper is inspired by the 
above-described work, which used Sci-Fi movies to 
investigate and inspire the design of interactive interfaces in 
HCI. We apply the same principles to investigate shape 
change and SCI, hoping that the creative output of Sci-Fi 
movies will help us understand design implications that can 
be academically and practically applicable. 

METHOD 
We perform a large-scale analysis of 340 Sci-Fi movies 
selected among those released between 1920 and 2015. We 
choose to look at Sci-Fi movies in which they visually 
represent their speculations on future technologies, and 
exclude other mediums (e.g., Sci-fi literature), so as to be 
able to identify instances of SCI with less ambiguity (see 
[23]). Next, we (1) provide the rationale for our movies’ 
list, (2) explain how we identified and coded instances of 
SCI, and (3) describe the method that we used to analyze 
the data from the coding. 



 

Movies Selection and Sources 
We initially identified 375 Sci-Fi movies for our list, which 
we compiled from two main sources (1) Wikipedia and (2) 
IMDB; however, 35 movies could not be accessed because 
they were either not available online or they could not be 
found on physical supports (e.g., DVD). After an extended 
online and offline search we managed to collect and include 
340 Sci-Fi movies in our list. Our list includes movies that 
were released between the earliest years of Sci-Fi 
cinematography (1920) until the present days (2015), which 
portray the future of humankind and their technology. We 
did not include TV-series into our list for the present work, 
in which we decided to focus on feature films only. All 340 
movies were accessed either through YouTube or through 
personal archives. The movies from our personal archives 
were acquired through years of collections and the ones that 
were not present in our personal archives were legally 
acquired online.  

Defining SCI for Our Analysis 
By looking at the framework proposed by Rasmussen et al. 
[30], we noticed that shape change can happen primarily in 
two ways: (1) apparently, as the effect of physical and 
esthetical distortion, or (2) structurally, as the effect of 
structural reconfiguration or collapse. For instance, in the 
Rasmussen et al. framework a shape change in appearance 
would be a change in form (e.g., a cube that turns into a 
sphere, see [13]), while a change in structure would be a 
change in spatiality, where individual and modular 
elements affect a global shape by changing their spatial 
configuration (see [41, 48]). Therefore, in order to qualify 
as a SCI in our coding the interfaces appearing in the Sci-Fi 
movies have had to show at least an apparent or a 
structural type of shape change.  

Movie Analysis 
Two authors watched the 340 movies present in the list, 
each watching one half of the movies (i.e., 170), and were 
instructed to code instances of SCI that showed either a 
change in appearance or structure, or the both. The two 

authors also crosschecked their respective coding to make 
sure that there were no missed instances. All the identified 
instances were coded into excel sheets, which included (1) 
the titles of the movies, (2) the years of production, (3) the 
timestamps of the scenes where the SCI instances appear, 
(4) the years in which movies are set, and (5) the types of 
shape change (inspired by [30]). The excel sheets 
containing the coding can be downloaded as a .zip file at 
the web link: http://www.giovannimtroiano.com/s/SCI-FI-
Analysis.zip.  

Each author watched the movies at a faster speed (i.e., 8x) 
as suggested by previous work [5]. To visualize the movies 
at a faster speed the two authors used: (1) a Chrome plug-in 
called Video Speed Controller, and (2) PotPlayer. Among 
the 340 movies analyzed, 61 movies contained instances of 
SCI. We analyzed the trend of SCI instances in Sci-Fi 
movies according to the movies’ years of production, and 
found that the number of Sci-Fi movies containing 
instances of SCI increases almost twice between the years 
1990 and 2015 (Figure 2). The trend emerging from our 
analysis seems to be in line with Kurosu’s observations 
[19], which suggest that technological advance in real-life 
influences the design of technology that appears in Sci-Fi 
movies and vice-versa. 

SCI Analysis 
Before starting the affinity diagraming sessions, two 
authors looked at the excel sheets and further discussed 
which instances should be considered SCI. The discussion 
was iterated two times, after which we finally identified a 
total of 101 instances of SCI. The 101 instances of SCI 
were analyzed using affinity diagraming and clustered into 
specific groups; we used the online software Mural.ly for 
our affinity diagramming. The analysis approach that we 
used for our affinity diagraming sessions was inspired by 
the semi-structured qualitative studies described in The 
Encyclopedia of Human-Computer Interaction [35], and 
especially by the thematic analysis method. At the first 
session, we went through all the instances, starting to group 
them individually, and move the instances from one group 
to another. At this stage we did not discuss the validity of 
the groups, but rather let them emerge naturally. After five 
sessions (iterations), we finally identified four main groups 
that describe behavioral patterns of SCI: (1) 
Reconfiguration, (2) Transformation, (3) Adaptation, and 
(4) Physicalization.  

 
Figure 2: A graph showing the number of Sci-Fi movies 

containing SCI instances from 1920 until 2015, divided per 
decades (except for 2000-15).  

 

 
Figure 3: From the movie Total Recall (1:00:06) a shape-
changing mask that disassembles automatically (a). From 

the movie Terminator 2 (2:10:49) a robot that re-assembles 
its foot displaying a fluid-like behavior (b). 

 



 

Furthermore, we divided each group into sub-groups, and 
identified 10 different functionalities and context of use for 
shape change that are supported by the behavioral patterns. 
The analysis took approximately between two and three 
weeks to be completed. Next, we present the four 
behavioral patterns and the relative sub-groups. 

SCI BEHAVIOURAL PATTERNS 
The Sci-Fi movie analysis revealed 101 instances of SCI 
from which we identified four main behavioral patterns: (1) 
Reconfiguration, (2) Transformation, (3) Adaptation, and 
(4) Physicalization. Each behavioral pattern presents 
various examples that show what SCI can do and in which 
context. Next, we describe each behavioral pattern in turn. 

Reconfiguration 
Reconfiguration expresses the capacity of a SCI to change 
in formation or to reconfigure its structure. We report 
example of such SCI from Sci-Fi movies, that show how 
reconfiguration helps various functionalities of shape 
change, such as assembling or disassembling, restructuring 
the configuration of physical environments, or extending 
interactive functionalities (Figure 3).  

Assembling / Disassembling 
SCI that assemble were depicted in Sci-Fi movies as 
interfaces made of modular elements that can change their 
configuration or re-assemble, for instance to match 
particular shapes or to reveal internal parts. We found an 
example of such SCI in the movie The Adventures of Pluto 
Nash (2002) where nine balls automatically gather into a 
triangle shape at the center of a pool table every time users 
need to restart a new match. The movie Terminator 2 
(1991, Figure 3, b) shows an instance of a shape-changing 
robot that can automatically re-assemble individual parts, 
such as arms, hands, the head, and other bodily parts when 
these are into close proximity. This particular example 

shows a SCI that has the capacity of changing its physical 
state from solid to fluid; that can allow the shape-changing 
robot to sneak through narrow door gaps or to re-assemble 
its body in a fast and organic-like way. A particular 
instance of assembling SCI appears in the movie The Time 
Travellers (1964), where cables made of smart material 
automatically combine together when users place them 
close to each other. Finally, the movie Man of Steel (2013) 
shows a shape-changing helmet made of modular elements 
that automatically assemble from a thin frame when the 
user wears it around the neck.  

SCI that disassemble show the same shape change behavior 
as the ones that assemble but achieve the opposite. In the 
movie AI: Artificial Intelligence (2001), a robot opens up 
and splits its face into two different parts to let the user 
access internal components (Figure 4). Another instance of 
SCI that disassembles appears in the movie Total Recall 
(1990), where a three-dimensional mask collapses its shape 
automatically to let a user reveal his identity (Figure 3, a).  

Reshaping Environments 
Some of the Sci-Fi movies from our list presented instances 
of SCI as shape-changing environments, which could 
reconfigure some of their elements or their entire structure 
for protecting privacy, redecorating rooms, or saving space. 
In the movie Babylon AD (2008) a SCI acts as a shape-
changing wall that automatically expands (with an 
accordion-like motion), to separate rooms when users need 
privacy. The movie Cloud Atlas (2012) shows a shape-
changing room made of several SCI (e.g., chairs, walls, and 
the floor), which change their shapes, textures, and colors to 
change the configuration of the entire room (Figure 5).  

 
Figure 4: From the movie AI (0:03:38) a robot disassemble its 

face and reveals hidden components. 

 

 
Figure 6: From the movie Judge Dredd  (0:07:48) a 

microphone pops out from the frame of the helmet to 
amplify the voice of the user. 

 

 
Figure 5: From the movie Cloud Atlas (1:02:18) a shape 
changing room (a) before reconfiguration, (b) and after. 

 

 
Figure 7: From the movie Futureworld (0:06:10) a shape-

changing table that rises interactive monitors in the middle. 

 



 

Finally, the movie Things to Come (1936) shows how shape 
change features are used to reveal new architectural 
elements in a house, such as bed, sink, and mirrors that 
extend from the walls automatically when users are into 
close proximity with them.  

Revealing Interactive Parts 
These particular instances showed SCI that posseses 
interactive elements embedded into the original interface 
and that reveal themselves to the user when needed; this 
behavior can make a SCI a multi-purpose interface.  Such 
SCI instances appear in the movie Judge Dredd (1995) 
where a helmet automatically pops out a microphone for the 
user when he or she needs to amplify their voice (Figure 6). 
Another example SCI that reveal interactive parts appears 
in the movie Futureworld (1976), where a regular table 
transforms into an interactive TV station through a movable 
section placed in the middle (Figure 7).  

Transformation 
Transformation expresses the capacity of a SCI to change 
in form and in appearance. We report examples from Sci-Fi 
movies that show how by mean of transformation a SCI can 
camouflage with the surrounding environment or morph to 
embody multiple functionalities into one location.  

Camouflage 
SCI that camouflage are changing their appearance in order 
to hide or integrate with the surrounding environment; this 
behavior is similar to the ones of animals who camouflage 
to save their lives from predators We have found two 
examples of this kind of SCI. In the movie After Earth 
(2013) a user is wearing a whole-body suit that changes its 
shape, texture, and color when entering a forest; the suit 
changes from red to green and grows a moss-like kind of 
texture to imitate the surrounding natural environment. In 

this case the shape-changing feature of the dress allow the 
user to camouflage with the surrounding nature, hiding 
from wild animals and potential enemies. Another example 
of camouflage SCI is shown in Terminator 2 (1991), where 
a shape-changing robot melts its body or pops out a relief 
texture in order to camouflage with a floor (Figure 8).  

Morphing 
Morphing can change both the structure and the appearance 
of a SCI. This type of transformation can also radically 
change the functionality of the SCI, for instance by 
morphing the hand of a robot into a pin, a cutting tool, or a 
weapon (Figure 9, a). The movie Transformers (2007) 
presents instances of SCI as anthropomorphic robots that 
can morph into many different interfaces, for instance to be 
used as a car or as a radio depending on user’s necessity 
(Figure 9, b).  

Another example of morphing SCI is shown in the movie 
Judge Dredd (1995), where a user is pulling the ends of a 
metallic wallet to transform it into a small gun (Figure 10). 
The movie Interstellar (2014) shows a morphing robot that 
can extends its structure to have prehensile arms and being 
able to lift objects (Figure 11, a). The same robot morphs 
from a rectangular shape into a star-like shape to be able to 
move faster when having to rescue a human from drowning 
(Figure 11, b).  

Adaptation 
Adaptation expresses the capacity of SCI to adjust their 
shape, so as to fulfill users’ needs or adapt to specific 
situations. For instance, SCI as self-adjusting garments can 
dynamically fit the body of various users with different 
body-builds. We report examples of such SCI from Sci-Fi 
movies that show for instance how expansion or reversing 
types of shape change can be used in the context of 
adaptation.   

  

 
Figure 8: Form the movie Terminator 2 (0:53:15) a robot 

changes from a floor into a human-like shape (a), (2:12:55) the 
same robot changes texture to camouflage with the floor (b). 

 

 
Figure 10: From the movie Judge Dredd (0:18:44) a user is 

transforming a wallet (a) into a small gun (b). 

 

 
Figure 9: From the movie Terminator 3 (0:28:52) a robot 

morphs its hand into an electronic pin for computer hacking 
(a). From the movie Transformers (0:32:18) an 

anthropomorphic robot morphs into a radio (b). 

 

 
Figure 11: From the movie Interstellar (1:11:07) a robot 

extends part of his body to have arms (a) (1:11:21) the same 
robot shifts into a star-like shape to move faster (b). 

 



 

Finding the Intended Shape 
SCI can use their dynamic features in order to find an 
“intended” shape. Sci-Fi movies showed examples of such 
SCI as shape-changing garments that automatically find the 
appropriate shape to fit the body of a user. We saw two 
examples of such SCI from the movie Back to the Future II 
(1989, Figure 12), where a user wears a jacket that 
automatically fits the sleeves to the length of his arms, and 
a pair of shoes that automatically tightens to his feet as he 
wears them. Other examples of SCI that adapt shape to the 
user’s need were shown in Sci-Fi movies as shape-changing 
beds.  

A bed or a resting surface that possesses shape change 
feature can find an appropriate shape to best accommodate 
the user’s body. We saw two distinct examples of this kind, 
one in the movie 2001 A Space Odyssey (1968), a user 
talking through an intercom needs to move his head up to 
be able to look at the screen; the headrest of the bed 
automatically elevates to lift his head (Figure 13). A similar 
SCI is shown in the movie The Wolverine (2013), where a 
paralyzed user is lying on a shape-changing bed that moves 
his body through several rods that actuate and move 
simultaneously.  

Expanding 
Two Sci-Fi movies showed SCI that dynamically expand 
and increase their size to fit particular user needs. The 
movie Spacehunter (1983) shows a self-unfolding sleeping 
bag that automatically expands for the user when he or she 
needs it. Another example is shown in Back to the Future II 
(1989) where a user has a telescopic baseball bat that can be 
automatically enlarged by tightening the grip (Figure 14). 
Because they can shrink or enlarge, the two instances 
presented above can also be described as space-saving SCI.  

Reversing Shape 
Two movies from the Terminator saga show SCI as shape-
changing robots that can reverse their shape in order to 
adapt to different situations. The movie Terminator 2  
(1990) shows a humanoid shape-changing robot that 
reverses its entire body after a violent collision with a wall 
(Figure 15, b). In Terminator 3 (2003) a shape-changing 
robot reverses the position of its waist to be able to trap a 
person behind using the legs (Figure 15, a).  

Physicalization  
Physicalization expresses the capacity of a SCI of extruding 
shapes from its surface to physicalize digital information or 
to ultimately generate physical matter. We report examples 
from Sci-Fi movies of such SCI that show how 
physicalization can help shape-changing displays 
representing urban configurations to users, or how to 
physically materialize  data from the surface of the display.  

Representation 
By mean of physicalization a SCI can become a display that 
uses shape change to generate physical visualizations. The 
movie X-Men (2000) shows an instance of such display, 
which extrudes the map of a city for users that need to study 
its urban conformation (Figure 16); this shape-changing 
display is similar to existing prototypes [7]. Another shape-
changing display that is capable of physicalization appears 
in the movie Man of Steel (2013). However, this shape-
changing display is not constrained to a tabletop surface, 
but it can grow around users and surround them at 360 
degrees while generating physical contents (Figure 17).   

 
Figure 12: From the movie Back to the Future II (0:13:38) a 

shape-changing jacket adapt its length to the arms of the 
user (a), (0:08:34) self-tightening shoes adapts to the foot’s 

size of the user (b). 

  
Figure 14: From the movie Back to The Future II (0:17:41) 
a telescopic bat that automatically shrinks or enlarges when 

the user tightens the grip. 

 

 
Figure 13: From the movie 2001 A Space Odyssey (1:04:52) a 

shape-changing bed lifting up the user’s head. 
 

 
Figure 15: From the movie Terminator 3 (1:20:30) a 

humanoid robot reverses its legs to catch a person behind 
(a). From the movie Terminator 2 (2:14:11) a humanoid 

robot reverses its body shape after hitting a wall (b). 

 



 

Materialization 
In the movie Man of Steel (2013) one instance of SCI 
brings shape change to the extreme end of content 
materialization. The movie shows a shape-changing display 
that can physically generate matter from its surface (Figure 
18). This particular shape-changing display acts like a very 
fast 3D printer, which generate physical data that the user 
can detach from the display and use as stand-alone object or 
interface.  

DISCUSSION 
We have analyzed instances of SCI from Sci-Fi movies in 
order to broaden up our vision of what shape change can do 
and in which context. The SCI were analyzed with respect 
to the behavior that they displayed and how they helped 
particular functionalities of shape change. Next, we discuss 
our work in relation to previous ones in the field of shape 
change and elaborate on how they can help the design of 
SCI. Finally, we discuss how the behavioral patterns listed 
in our results can apply to existing prototypes.  

Shape Change Behaviors and Functionalities 
Theoretical and reflective research on SCI has produced 
various frameworks [30] and models [31] of shape change, 
in order  to systematically describe SCI design features. In 
particular, Rasmussen et al. [30] identified eight types of 
shape change and various shape change parameters, and 
reported a number of examples from previous research that 
contextualize their use. Our work complements these 
reflections, but rather focusing on the behavioral qualities 
of SCI and the way in which they can fit to a particular 

context or application. For instance, we know that SCI can 
change in orientation or volume [30]. Our results show how 
these two types of shape change were used in Sci-Fi movies 
in the context of adaptation, where a shape-changing bed 
adapts its orientation to find a good position for the head of 
the user, or how a shape-changing garments (e.g., a jacket, 
a pair of shoes) change their volume and length in order to 
fit (adapt to) the body structure of different users.  

Previous work questioned how certain behaviors of shape 
change could serve functional purposes that can go beyond 
design inspiration [30], and sought to see more exploration 
into the effect of shape transformations, and how they could 
be used for that matter. In response to these reflections, our 
results include examples that show functional uses of shape 
transformation and its effect on SCI. For instance, we show 
how in Sci-Fi movies transformation, and specifically 
morphing, could be used to embed multiple functionalities 
into a single SCI interface, for instance by transforming a 
wallet into a gun or a robot into a radio.  

Rasmussen et al. [30] report an example of a SCI using 
spatial reconfiguration, where an array of 740 spheres is 
used to create a kinetic sculpture that has the shape of a 
BMW car [49]. In our results we report an example from 
Sci-Fi movie that shows how this behavior was used for a 
clear functional purpose; the example shows a number of 
spheres that automatically assemble in a triangular shape on 
a pool table, so as to let users restart a new game without 
having to replace each sphere manually. 

Shape-changing display that can physicalize data already 
exist [7,36], and research has proposed data physicalization 
as a potential application for SCI [16]. However, existing 
prototypes can only achieve 2.5 dimension of extrusion and 
most current applications are limited to that configuration. 
The examples that we report from the Sci-Fi movie Man of 
Steel shows future technology where the display is capable 
of generating physical visualizations that extend beyond 
2.5D. The shape-changing display can surround users at 
360 degrees, or even generate physical matter from the very 
surface of the display (Figure 18).  

In conclusion, the results emerging from our analysis show 
how certain types of shape change might fit well particular 
shape change behaviors (e.g., change in orientation to 
adaptation), and how their combination can help particular 
functionalities of SCI (i.e., finding an intended shape). In 
that respect, our analysis presents contextualized examples 

 
Figure 18: From the movie Man of Steel (0:10:13) a shape-
changing display that generates physical matter (a), which 

can also be dethatched from the surface (b). 

 
 

Figure 16: From the movie X-Men (1:08:40) a shape-changing 
display is used to physically visualize the urban conformation 

of a city. 

 

 
Figure 17: From the movie Man of Steel (0:45:33) a shape-

changing display that dynamically generates 3D content and 
surrounds the users. 

 



 

of shape change functionalities and applications, which can 
be practically used by designers of SCI as inspirational 
material.  

Furthermore, even though some of the examples from Sci-
Fi movies that we show introduce technologies that might 
not be available any time soon (e.g., the Radical Atoms–
inspired display from Man of Steel), they still represent 
valuable and inspirational material that can be used by 
designers in the development of potential future 
applications for SCI.  

Using the Behavioral Patterns to Analyze Existing SCI 
Our results describe behavioral patterns of SCI that were 
inferred by looking at and analyzing fictional material. 
However, the four behavioral patterns listed in our results 
can also be used to analyze existing prototypes of SCI. Let 
us take as a first example the work TRANSFORM by the 
Tangible Media group at MIT [42]. If we analyze the 
functionalities of this particular SCI, we can see how some 
of the behavioral patterns described in the present paper 
apply to those functionalities.  

TRANSFORM is capable of adaptation, in which the 
surface of this SCI can conform its shape to the one of the 
objects that users place onto it. For instance, if a user places 
an orange on the surface of TRANSFORM, the interface 
will adapt its shape and generate a concave area that acts as 
a container for the orange. The surface of TRANSFORM is 
also used to physicalize information through shape change 
and motion. For instance, the surface would generate 
dynamic wave-like patterns to physically represent 
particular sounds, such as sine waves or drum beats.  

Another example of how our results apply to existing SCI 
are earlier work in the field of robotics that have proposed 
self-reconfiguring robots [3,32]. These work show how 
shape reconfiguration and assembling behavior are key 
with robots that need to be adaptable to various tasks and 
different environments. The same authors introduce 
modular robots called Crystalline [32] and show how their 
robotic system can transform a dog-shaped interface into a 
couch-shaped interface. This example displays the same 
behavioral quality as the morphing instances of SCI that we 
presented earlier in our results section.  

The SCI examples listed above (i.e., TRANSFORM, 
Crystalline) are just few of the existing prototypes in the 
filed of shape change and robotics. However, it is possible 
to see (with only two examples) how the behavioral 
patterns emerging from our analysis are already featured by 
existing SCI, as well as how the behavioral patterns can be 
used to 1) analyze shape change behaviors of existing SCI 
in a more systematic way and 2) help defining the main 
“character” or functionality of a SCI (e.g., adaptive SCI, 
morphing SCI).  

Therefore, although being mainly of inspirational nature, 
our results can also be used for performing systematic 
analyses of shape change. We would like to encourage 
other researchers in the field of shape change to use our 

results in their work, and possibly integrate more behavioral 
patterns derived from further research on SCI, which may 
also use other source material (e.g., existing prototypes of 
SCI, Sci-Fi literature or TV-Series). 

Limitations and Future Work 
The present paper has a number of limitations that we aim 
to overcome in future work. Our work presented a large-
scale analysis of 340 Sci-Fi movies that aimed to identify 
instances of SCI, in order to reflect on their behaviors and 
functionalities. While this material allowed us to identify 
four behavioral patterns of SCI and a number of examples 
show what they can do, our investigation deliberately 
focused on Sci-Fi feature films only.  

Therefore, our results are limited to the source material and 
it does not include many other sources that might be 
relevant for SCI. For instance, we did not consider existing 
prototypes in our analysis. Including existing prototypes of 
SCI in future investigation might unfold behavioral patterns 
and their relationship to functionalities that are not present 
in our results. Future work should include these sources to 
unfold more behaviors of SCI.  

The present work provides reflective material that is based 
on speculations of future technology from Sci-Fi movies. 
Our results can be considered mainly inspiring for designers 
of SCI, and help them reflect on how certain shape change 
behaviors can better fit or help particular functionalities. 
However, at this stage we cannot claim the practical 
applicability of our results to real design practices. A 
logical next step for future work would be to conduct 
design-based workshops on shape change, where designers 
can use our results to design SCI. In this way we might be 
able to validate our results and show how they could be 
practically used in the design process of new SCI.  

CONCLUSION 
We have presented a large-scale analysis of 340 Sci-Fi 
movies produced between 1920 and 2015 that identifies 
instances of SCI, describes their behavioral patterns, and 
how the behavioral patterns model or help functionalities of 
shape change. Furthermore, the SCI instances have served 
as reflective material to better understand the relationship 
between particular shape changes proposed in earlier work 
and functional purposes of shape change.  

Finally, we concluded by discussing our results in relation 
to previous work with shape change, showed how they can 
be used to inspire the design of new SCI, as well as to 
explain behavioral patterns of existing prototypes of SCI. 

We hope that our results will help and inspire researchers 
and designers in the field of HCI and shape change when 
thinking about the design of future SCI. 
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