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ABSTRACT

The depictions of advanced devices, innovative interactions and future technologies in science fiction
are a regular topic in popular news and tech magazines. While actual studies concerning the usage of
science fiction in computer science research are scarce and if any, rely mostly on anecdotal evidence
and scattered oral accounts, such investigations are critical to better understand the potential
utility and latent shortcomings of science fiction for computing research, innovation and education.
Through a content analysis of science communication, this dissertation endeavors to shed light on
the relationship between both domains.

Based on a dataset of n=1647 computer science publications, retrieved in the IEEE Xplore
Digital Library via a faceted, full-text search for ‘science fiction’, this dissertation presents a study of
science communication. A random sample of n=500 records of the principal dataset is subjected to a
detailed, qualitative content analysis over 10 variables, including an inter-rater agreement evaluation
of n=125 publications between two raters for two interpretative variables – the type of research
paper and the contextual usage of the science fiction referral.

The results of the study show that science fiction, in the grand scheme of things, is a niche topic
in computer science research. Within that margin, however, the results demonstrate that science
fiction referrals appear primarily in opinion-type research contributions, most often for reasons of
drawing inspiration and innovation into the research paper.

In addition, the analysis of science fiction referrals, across paper types and contexts over time,
indicates a transition and diversification from initially, informal contributions toward later on, a
broader diversity of research publication types. Also, the study shows that science fiction films
are more often referenced than science writings. Most recently, in publications from 2014-2017, an
emphasis on a broad and diverse set of concrete, visual, science fiction – potentially indicating a
shift away of scientists from written, interpretative science fiction – can be observed.

The analysis of the most frequent, specific science fiction referrals reflects a narrow, mostly
western-originated selection of the most popular, influential and iconic science fiction authors,
writings, films, and characters of the 20th century, among those, Isaac Asimov and Arthur C. Clarke,
William Gibson’s novel Neuromancer, the Star Trek and Star Wars franchises and Stanley Kubrick’s
2001: A Space Odyssey, including its main antagonist, HAL 9000.

The results and implications of this study can guide computer scientists and educators to
consciously utilize science fiction in their research and scholarship and therefore, contribute to
forthcoming, innovative HCI and computer science research, application, and education. In addition,
the results provide insight into the appropriation of popular culture within a technical-oriented,
professional, academic science communication repository. Building upon extensive prior work, this
dissertation moreover provides a methodological framework, which allows the meaningful discovery
of interdisciplinary relations between computer science research and culture & art.
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PREAMBLE

The role of science fiction (SF), and especially science fiction movies and shows (SFMS), to inspire
and generate real-world technological developments is slowly understood and occasionally utilized by
human-computer interaction (HCI) researchers, user experience professionals, and science educators.
Nowadays, through the proliferation of cinematic special effect technologies and means of digital
distribution, SFMS are available to audiences around the globe in the blink of an eye.

Specifically, depictions of future HCI and soon-to-be technologies can be found in great numbers
in SF writings and films. These examples, and the occasional oral account, do provide partial
evidence that SF might be a factor in driving real-world inventions and innovation. As such, the
possibilities of this repository of SF / SFMS for science and technology research and development
(R&D) are increasingly recognized, discussed and applied by experts in science and closely related
science, technology, engineering and mathematics (STEM) fields.

This study engages with SF / SFMS and explores its uses in academic communication over time.
In a concise manner, the structure of this dissertation can be summarized in the following fashion:

- Chapter 1 gives an introduction to SF, SFMS and the relationship of SF, SFMS and science
and technology in the context of HCI and computer science research.

- Chapter 2 provides the significance and contribution statement and introduces the research
rationale of the study, including the research aims, research objectives, and research questions.

- Chapter 3 provides the background as a theme-oriented literature review on the topic of HCI
and SF (Section 3.1) as well as a methodological background (Section 3.2) with a focus on
text retrieval and content analysis.

- Chapter 4 presents the methodology in a comprehensive description, including an overview of
the research process and details on the search and retrieval approach, sampling, coding scheme
and subsequent descriptive and qualitative content analysis.

- Chapter 5 provides the key results, based on a review of a cache of n=500 computer science
research publications, among those, insights on the uses of SF / SFMS in different research
contributions as well as evolutionary trends over a period of more than 7 decades.

- Chapter 6 presents an inclusive discussion and outlines the limitations of the study.

- Chapter 7 provides the conclusions of this dissertation and in addition, envisions future work
in the context of SF / SFMS and computer science / HCI research.

- Appendix A provides the full results of the study in form of exhaustive frequency tables.

- Appendix B provides the peer-reviewed work, earned press and extramural research funding in
the context of this dissertation.
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CHAPTER 1
INTRODUCTION

This chapter provides a foundation for the dissertation. Section 1.1 begins with a brief overview of the

history and themes of technology depiction in SF / SFMS. Section 1.2 present a more contemporary

view, including the latest developments and tangible outcomes of exemplary crossings of SF / SFMS

and state of the art computer science research.

1.1 SF Movies and Shows

A rich literature [86, 114, 140, 141, 142, 272, 289, 306] exists on the history of SF, SFMS and the SF

�lm genre and its evolution. This history begins in the 19th century and runs to the present day.

For instance, Johnston's [142] review of the history of SFMS identi�es four distinct periods in

parallel to paradigm shifts of the movie themes and stories within each era. These paradigm shifts

are inevitably tied to external factors, including, but not limited to, the technological limitations of

movie production itself (silent movie era, color television, computer-generated imagery (CGI), digital

distribution), the overall geopolitical environment (e.g. the cold war/atomic era con�ict between the

United States of America and the Soviet Union) or, according to Johnston [142], the technological

climate, including and expectations and fears of the general public.

In the period from 1895 to 1950, the genre originated and invented itself. Movies themes were

diverse and focused on scientists (mostly portrayed as evil at the time, though recently transformed

into more mixed or positive representations [87]), automatons, spaceships, technological uncertainty,

the arti�cial creation of life and general scienti�c progress; all laying out the initial conventions what

would later be known as SF �lm.

The next big development occurred in the period from 1950 to 1970. In these decades, American

SF �lm depicted the geopolitical con�icts and societal fears at the time, for example, urban legends

of UFO sightings (commonly referred to as �ying saucers), the beginning of the aerospace race

between the USA and the Soviet Union and other cold war tropes.

In the decades from 1970 to 1990, and with respect to the successful moon landing of Apollo

11, American SF cinema depicted new and elaborated imaginations of space travel and political

con�icts, such as seen in theStar Wars franchise or theStar Trek universe. Furthermore, special

e�ect technology became a commonality of the production of SFMS, such as the motion control

technology in 2001: A Space Odyssey [166] or the extensive CGI Computer-generated Imagery

(CGI) sequences in the originalTron movie.

Johnston's [142] investigation into the genre history of SFMS concludes with the decades from

1990-2010 and observes a diversi�cation of the genre moving away from:

1
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�[...] previous de�nitions of science �ction as grand displays of `industrial light and

magic' (citing Sobchack [306, p. 282] concerned with (and containing) special e�ects,

technology-based narratives, and science-led plots, were no longer an accurate assessment

of genre boundaries (if, indeed, they ever were).�[142, p. 105]

In contrast to a chronological analysis, Perkowitz [248] analyzes the SF �lm genre from a thematic

perspective. Based on a dystopian point of view, the author delineates Hollywood movie themes and

presents numerous examples of SF movies which depict various threats to mankind.

Among others, Perkowitz [248] introduces movie subjects which range from alien encounters

and invasions (e.g. The Thing From Another World [240], Independence Day [96]), to

the consequences of a planetoid, asteroid or comet collision (e.g.When Worlds Collide [209],

Armageddon [33], Deep Impact [180]).

Man-made threats to humanity, such as the consequences of overpopulation of the planet (e.g.

Soylent Green [109]) or rapid climate change (e.g.Twister [79], The Day After Tomorrow

[97]) are also common themes in SFMS. More examples of topical focal points in his review of

American SF �lm are nuclear fear and destruction (e.g.On The Beach [162], The Sum Of All

Fears [273]) as well as genetic modi�cation, cloning and viral outbreaks (e.g.Jurassic Park [307],

Gattaca [233], Outbreak [250]).

The most important topical domain in Perkowitz' [248]) overview, in the context of this disserta-

tion, is the group of SFMS which depict advanced technologies, such as sentient Arti�cial Intelligence

(AI) and super-computers, robots, virtual or augmented realities, as seen inI, Robot [259], The

Matrix [340],Blade Runner [291] orColossus: The Forbin Project [284]. In the latter part

of his review, Perkowitz [248] discusses SFMS which either, portray science and scientists reasonably

accurate or, misrepresent basic scienti�c principles false, ultimately emphasizing the positive and

negative impacts SFMS can have on the cinematic audience and as such, the general public.

While an accurate and precise de�nition of the SF movie genre seems already di�cult enough

given the outlined genre history and diversity of themes and topics it entails, de�ning the concept

SF itself seems an even more challenging undertaking, as Gunn and Candelaria [124, p. 5] state that:

�[...] the most important, and most divisive issue in science �ction is de�nition.�

A variety of sources, such as SF dictionaries [260], SF authors [21], SF fan sites and collections

[63, 337], critics, �lm researchers and futurists [83] in the history and philosophy of science o�er

a multitude of de�nitions and classi�cations to choose from in an attempt to de�ne an illimitable

�eld. According to some sources, SF dates back as early as 2AD with the Greek travel taleA True

Story [281], a work consensually accepted as the �rst known writing with basic �ctional elements,

for example outer space travel and interstellar con�icts. Among many other de�nitions, the Oxford

English dictionary [243] describes SF at present as:

�[...] �ction based on imagined future scienti�c or technological advances and major social

2
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or environmental changes, frequently portraying space or time travel and life on other

planets.�

Gunn and Candelaria [124, p. 6] describe SF as:

�[...] the branch of literature that deals with the e�ects of change on people in the real

world as it can be projected into the past, the future, or to distant places. It often

concerns itself with scienti�c or technological change, and it usually involves matters

whose importance is greater than the individual or the community; often civilization or

the race itself is in danger.�

Robert's [272] cites three seminal, increasingly complex de�nitions of SF:

�In 1979, Darko Suvin de�ned the genre as a literary genre whose necessary and su�cient

conditions are the presence and interaction of estrangement and cognition, and whose

main formal device is an imaginative framework alternative to the author's empirical

environment.� [272, p. 7]

In 1997, Gwyneth Jones puts special emphasis on the `science aspect' as:

�[...] `science' in science �ction has always had a tacit meaning other than that commonly

accepted. It had nothing in particular to say about the subject matter, which may be just

about anything so long as the formal conventions of future dress are observed. It means

only, �nally, that whatever phenomenon or speculation is treated in the �ction, there is

a claim that it is going to be studied to some extent scienti�cally�that is objectively,

rigorously; in a controlled environment [. . . ].� [272, pp. 9-10]

In 1995, Broderick's de�nition draws from concepts found in literary criticism and de�nes SF as:

�[...] a species of storytelling native to a culture undergoing the epistemic changes impli-

cated in the rise and supersession of technical-industrial modes of production, distribution,

consumption and disposal. It is marked by (i) metaphoric strategies and metonymic

tactics, (ii) the foregrounding of icons and interpretative schemata from a collectively

constituted generic `mega-text' and the concomitant de-emphasis of `�ne writing' and

characterization, and (iii) certain priorities more often found in scienti�c and postmodern

texts than in literary models: speci�cally, attention to the object in preference to the

subject.� [272, p. 12]

In addition, Sobchack's [306] highly citedScreening Space provides a plethora of de�nitions of

the genre as well. Even so, an epistemological inquiry into the various aspects, dimensions, and

conceptualizations of the term `science �ction' is not within the scope of this introduction, SF is

without a doubt, closely knotted to advanced and emerging themes in technology and in particular,

3
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computers. Furthermore, utopian or dystopian visions of future societies with a lack of technical

plausibility and scienti�c verisimilitude seem to be a regular part of modern SF narratives as well. In

this regard, the SF genre has as well been di�erentiated between `hard' and `soft' SF by Samuelson

[282], stating that:

�[...] the label `hard SF' has been applied to tales in which scienti�c theories and

technological applications get a signi�cant share of attention.�

For the purposes of this dissertation, SF and SFMS are viewed in accordance with the de�nitions

provided by Johnston [142, p. 1] which emphasize the technological key aspects of SF, expressed for

example:

1. by SF writer John Wyndham, who:

�[...] felt it presupposed a technology, or an e�ect of a technology [. . . ]�

2. Kingsley Amis, who de�ned SF as:

�[...] a hypothesis on the basis of some innovations in science and technology [. . . ]�

3. or John W. Campbell Jr. describing it as:

�[...] an e�ort to predict the future on the basis of known facts.�

In the end, Johnston [142, p. 22] summarizes SF as:

�[...] a genre that marries a scienti�c or technological premise with imaginative specula-

tion.�

In the light of the previous introduction to SFMS and general SF, it seems consensually accepted

that SFMS commonly depict yet to come societies and their usage of advanced, emerging, future and

�ctional technologies. In contrast to scienti�c documentaries or educational teaching media, SFMS

disregard � to a larger or lesser extent � accurate scienti�c logic and explanations for the purposes of

a simple and consumable movie narrative or an episodic format, typically for a mass audience with a

focus on entertainment. A strong emphasis on the potential of future technologies, interfaces, and

Human-computer Interaction (HCI) are found to be a very popular and common theme in SFMS.

In comparison to SF literature, a di�erent medium where the reader of a story uses his or her

individual cognition and imagination to picture the narrative, actors, devices, interactions, and

technologies, SFMS have a di�erent set of constraints. SFMS must visualize �ctional elements to

some extent in order to depict a believable, soon-to-be future vision for the audience within an

enclosed feature-�lm movie or episodic television (TV) format.

On one hand, SFMS might limit or even mislead the individual imagination of the viewer due to

the constraints of the medium format itself as well as the depicted technological and metaphysical
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assumptions within the movie narrative or diegesis. On the other hand, the made-up, explicit

visualization of these elements SFMS can serve as powerful showcases of future devices, interactions

and information and communication technologies (ICTs) to not only the general public, but researchers

as well. This `trade-o�' of a�ordances and constraints amid both medium formats (SF writing versus

SFMS) is accordingly observed by Johnson [140, p. 98]:

�The �lmmaker is less fortunate: he must show the invention, and he must show it

working�.

The proliferation of technological advances in the professional entertainment industry, such as chroma

key compositing and CGI as well as the digital distribution of media through online streaming

services only augments the quantity, quality, and global distribution of SFMS to even unparalleled

audiences at the present time [142, p. 40]:

�Technology is a central conceit within science-�ction analysis: whether re�ecting a

societal uncertainty over new developments (cloning inGattaca [233]; surveillance

techniques in The Truman Show [345]), considering how consumer technologies might

portray capitalist ideology (the Gap advertisements inMinority Report [308]; fashion

in High Treason [46], or using spaceship-based exploration to investigate repressed

areas of human consciousness (Event Horizon [16], Sunshine [49]). On the level of

production, technology has been key to how �lms are able to depict these science �ctions

and, in terms of dissemination and exhibition, new devices have fueled an interest in

how viewers use technology and how media technologies have fueled theories around

intertextuality.�

Original depictions of future HCI and soon-to-be technologies can be found in great numbers in the

evergrowing repository of more than 100 years of SFMS. As Johnston [142, p. 21] states:

�[...] advances in science and technology appear to mimic earlier science �ctions (heart

transplants, genetic manipulation, mobile phones, space travel).�

Johnson [140] provides additional examples of SFMS which anticipated emerging real-world tech-

nologies. For instance, the early 1909 SF short movieThe Battle Of The Clouds [43] depicted

according to Johnson [140, p. 4] the:

�[...] Zeppelin bombing raids and aerial dog�ghts of World War I.�

More examples are 1932sF.P.1 Doesn't Respond [130], which visualized platform superstructures

in the oceans similar to present day oil drilling rigs orDestination Moon [251], which portrayed

modern day space exploration.

It is important to note that SFMS do not necessarily always precede emerging technologies and

can be of reactionary nature as well. According to Johnston [141, 142], the mid-century, post-World
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War II Japanese `Godzilla' movies and later-on, Western `Mars-based' SF �lms in the 2000s were

merely reactions towards the consequences of atomic bombings in the former, and responses to the

National Aeronautics and Space Administration (NASA) Mars Path�nder mission in 1997 in the

latter instance.

One of the earliest, most visceral examples of a �ctional technology (at the time of the movie

production) is depicted in the German dystopian SF dramaMetropolis [174], which originally

imagined and introduced video phone calls as early as in 1927, see Figure 1.1a, page 7.

Roughly forty years later in 1968, Stanley Kubrick's seminal, epic SF dystopia2001: A Space

Odyssey [166] was released and depicted an advanced and sentient AI to support the crew of the

�ctional spaceship `Discovery One' on a Jupiter exploration mission. The Heuristically programmed

ALgorithmic computer (HAL) is portrayed as an ubiquitous and embedded computer system within

the imagined spaceship. HAL's main function is to provide support to the crew on a longitudinal

space exploration mission, which is the movie's main plot. The depiction of the supercomputer is an

extraordinary example of a �ctional AI which has the ability to think, reason, communicate and

emphasize with the crew through a perfect natural language interface (NLI). In a dystopian plot

twist, HAL is facing a potential shutdown and goes into self-preservation mode in order to defend

himself against the crew by lethal force. This forces the astronauts aboard to deactivate HALs

`cognitive circuits', which results in the shutdown of the rogue AI, see Figure 1.1b, page 7.

Among others,2001: A Space Odyssey portrayed advanced HCI technologies, including speech

recognition and synthesis or the �rst computer-human chess game. Furthermore, it is important

to note that at the time of the movie release (1968), comparable real computer technology was

quasi-non-existent or merely at a very early prototypical stage. For example. the Harpy speech

understanding system [360] had a very limited vocabulary of 1011 words in comparison to a seemingly

in�nite vocabulary of HAL in 2001: A Space Odyssey .

In the early 2000s, one of the most famous examples of a SF movie, which has had a reported

impact on HCI research, isMinority Report [308]. The movie depicted in 2002 yet to come multi-

touch interfaces, advanced gestural interactions, personalized advertising and advanced biometrics

(Figure 1.1c, page 7). Director Steven Spielberg's science and technology advisor John Underko�er,

a Massachusetts Institute of Technology (MIT) researcher who later became an entrepreneur through

his work on Minority Report [210], is credited with the creation of a variety of innovative hand

gestures for the motion picture.

Black Mirror , a British SF anthology, is one of the latest examples of a SF show, which

powerfully introduces upcoming HCI technologies and consequential etho-social e�ects, such as

controversial end-of-life technologies or the issue of social media stigmatization and online blackmail.

For example, the �rst episode of season threeNosedive [355] is set in an alternate reality where an

individual's reputation solely depends on an omnipresent rating system utilizing pervasive, mobile

devices. If one's social credit falls below a certain threshold, due to `inappropriate behaviour', access
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(a) Videophone system inMetropolis � © Universum Film UFA

(b) Depictions of HAL 9000 in 2001: A Space Odyssey � © Warner Bros. Entertainment Inc.

(c) Minority Report gestural interface � © 20th Century Fox

Figure 1.1: Selected SF Movies portraying HCI and CS technologies
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to basic and advanced public services as well as social circles becomes restricted. A recent realization

of such a system is de facto China's Social Credit System, which has been recently scrutinized for

transparency and fairness and found to be asymmetry by design [99]

While the purpose of the episode is clearly the examination of an alternative dystopian reality, an

elitist and emotionless society without compassion for the weak, the ICTs, interfaces, and interactions

which empower the status quo are powerfully visualized to such a rich and plausible extent that the

resemblance to modern social media interfaces and/or rating-, voting- or dating applications cannot

be denied (Figure 1.2 on page 8).

Figure 1.2: Black Mirror social rating system � © Endemol Shine UK/Channel 4

For more visualizations of HCI in SFMS, a repository of examples are referenced in Shedro� and

Noessel's works [299, 298, 239] and the accompanying website [238], which both provide reasonable

overviews given the sheer amount of SFMS available up to this day and time.

The actual transition of future technologies, devices, and interactions initially depicted in SFMS

into real-world expectations, concepts, and prototypes and ultimately consumer products can

similarly be sketched out. For instance, the invention of the �rst commercial cell phone is attributed

to Motorola inventor Martin Cooper [61], which in turn has been inspired by the Star Trek

communicator (Figure 1.3a, page 9):

�Cooper has stated many times that watching the original Star Trek series was absolutely
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