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General Introduction TC "General Introduction" \f C \l "1" 
This thesis provides insights on 3-D technology as a science-based innovation. It limits itself to 3-D cinema and a short section on 3-D television.

Hollywood is taking big steps towards offering more movies in 3-D. Many theatres have already converted into a digital format that, among others, can be used to show 3-D. This is, however, a costly investment. Do theatre owners try to offer an experience that can not be beaten by home cinema installations? On first sight, there seems to be no escaping this evolution. Is the re-release of movies like Star Wars 3-D and Titanic 3-D irrevocably looming at our cultural horizon? If we believe George Lucas and James Cameron, the respective directors of these films, this is certainly the case. According to them, 3-D is as a new technology the future for the industry. But is this indeed true?

Is there a future for 3-D cinema or will this technology gradually fade away, never to be seen again? This is the question this work investigates and hopes to answer. Specialists are at opposite ends when it comes to this the survival of 3-D, and it is therefore even more interesting to look closely at the data. In the process of finding an answer on  how 3-D cinema will evolve in the future, it is important to start with collecting information on how 3-D cinema has evolved in the past. Therefore, the evolution of 3-D will be examined and research will be done into possible patterns of cause and effect. 

Further on, one might wonder whether 3-D is really as striking as the cinematographers would like us to believe. Is 3-D really as succesful as is often claimed? It is a fact that upcoming movies are increasingly released in 3-D. When people go to the cinema, they often have no choice but to watch a movie in 3-D, because most films are presented solely in this format. The possibility exists that cinema’s are trying to push a new product into society, aiming for a  total acceptance, but leaving customers no choice but to adapt to this growing market or stop going to cinema.

The questions that will be examined are: why do cinema’s introduce 3-D films? Will 3-D technology become the future of cinema? How has 3-D evolved in the past? Are there recognisable patterns of cause and effect in the 3-D evolution? Is 3-D really accepted by the audience, or is the increase in attendance for 3-D movies the result of  lack of alternatives?

These research questions will be examined by starting with a literature study on innovation. Since 3-D cinema is an innovation, a definition of the phrase ‘innovation’ will be formulated, and insights into patenting will be given, as protecting innovations is important.

In a second chapter, there is a historical study, followed by an exploration into what has already happened in the past First of all, the history of 3-D will be explored from its creation until now. This work discovered that the evolution of 3-D cinema shows a birth, a first boom, a fall, a rebirth, a revival and a second boom; a description will be given of all these phases. Through all these periods, this work will also take a closer look at the different technical methods that can be used to create a 3-D illusion and it will try to give a detailed explanation of why 3-D cinema went through all these different stages. 

The historical study showed that the evolution of 3-D is characterized by two boom periods. A double boom theory (Schmoch, 2007) will be elaborated in the third chapter. In the double boom theory, both technology push and market pull are taken into account. The double boom theory indicates a double boom through patenting, publications and sales. A more detailed information will be given in this chapter.

In chapter 4, data collection will be done according patens, publications and news of 3-D cinema. In chapter 5, there is a data collection of 3-D sales. These findings will be compared with the theory of the double boom.

However, 3-D cinema is a technology that replaces 2-D cinema. Therefore, there are underlying processes in sales and this will be examined in chapter 6. The turnover versus production costs, the return on investment and the turnover of 3-D versus 2-D will be explored. Important discoveries concerning the popluarity of 3-D are done in this chapter and therefore some aspects of the theory of the double boom will be questioned.

Finally, the 3-D facts will be examined in chapter 6. Moreover, the creative use of 3-D and its limitations will be discussed. Further on, a word will be said about 3-D television. This chapter closes with a health study which reveils some health issues that might influence the future of 3-D television and games.

To conclude, all findings will be put together for that pupose to answer the research questions.

Chapter 1

Innovation TC "Chapter 1

Innovation" \f C \l "1" 
As 3-D is an innovative technology, the emphasis here will be put on innovation theories. Innovation is known to be a driver of wealth, growth and profitability which importance has increased over the years (Solow, 1956; Solow, 1957; Baumol ,2004). This is why the concept of innovation will be examined in the proceeding parts of this work.

First of all, this chapter will deal with a general overview of the existing literature and discuss the work of the most influential authors in the domain of new technologies. A definition of the phrase ‘innovation’ will be formulated. Secondly, insights will be given about patenting by discussing the importance to protect innovations. 

1.1 
General concept of innovation TC "1.1 
General concept of innovation" \f C \l "2" 
Innovation involves scientific or engineering research to establish a new technological idea and to develop that idea into a commercial product or service. A result of innovation is that new products or processes gradually replace older technologies. This process is costly, as firms must learn these new technologies, purchase new equipment, and adapt it to their specific circumstances (O’Sullival, 2008).

Schumpeter (1912) provided two types of agents that form the key to innovation: the entrepreneurs and the imitators. The entrepreneur is an exceptional individual that changes techniques of production and imitators follow these entrepreneurs. This concept is explained in Schumpeter`s theory of `creative destruction`. Creative destruction can be problematic because radical changes create and destroy at the same time (Schumpeter, 1912). Examples are: ipods, which are substituting CD’s, whom in turn replaced the cassettes. Another example which is more relevant for this study, is the 3-D cinema technology that is possibly replacing the 2-D cinema. Analysts are not yet sure if this is indeed the case, therefore this is one of the points of interest that will be discussed during this thesis. 

In the following years, Schumpeter moved away from his own formulation. He recognized the importance of specialized R&D departments within large companies in the innovation process and noted that these R&D departments, and not small entrepreneurs, were the driving force behind innovative activity. These R&D departments could be seen as ‘entrepreneurs’ according to Schumpeter (1947; 1949).

According to Baumol (2004) Schumpeter’s latest theory was wrong. He believed that both agents that Schumpeter provided were important, but in a different way. According to him, small firms are better positioned to create breakthroughs, whereas large firms are more effective in creating aggregated incremental improvements
. Both kinds of innovations can have significant consequences (Baumol, 2004). Despite the fact that 3-D cinema is created by large firms, this work considers 3-D technology as a breakthrough, because 3-D was a breakthrough in the 50’s. 3-D is thus not a small improvement, because the 3-D camera was invented simultaneously with the original camera and is not an improvement of the then existing techniques, as can be read next chapter.

Baumol`s `free market engine`(2004), further describes the relation between the so-called entrepreneurs and the large companies with R&D  departments. The `free market engine` offers a solution to the statement that large companies tend to become lazy in the search for breakthrough technologies. Free entry ensures new market players with new ideas for new technologies, which increases the pressure for incumbents to remain competitive in the innovative field. In this sense, innovations are being used as both a defense mechanism to protect oneself against rivals, and an offense mechanism to attack and eliminate others. One way to protect new technologies from competitors is applying for patents, which will be discussed further on.

Further, Baumol also believes that universities and governments play an important role. Universities do research on many fields and innovation is stimulated by its results. Governments for example can provide conditions that encourage entrepreneurship and investments. They can also enable free access to certain markets. At the same time governments create a framework for property rights (Baumol, 2004). Property rights are very important in a R&D environment as inventions are in need of protection. This will be discussed later on.

With this in mind the term ‘innovation’ will be defined. This thesis will take a closer look at the definition that was provided by O’Sullivan (2008) in his work ‘defining innovation’ on page 5, that is phrased as follows:

“Innovation is the process of making changes, large and small, radical and incremental, to products, processes, and services that results in the introduction of something new for the organization that adds value to customers and contributes to the knowledge store of the organization.”
This definition does not suggest that innovation occurs exclusively to products or that it must be radical. Nor does it suggest that innovation is exclusively for large organizations or single entrepreneurs. Further it suggests that innovation is as relevant for a university or a government as it is for a business. Among academics there is a difference of opinion about what the term ’innovation’ really means. This definition gives the general concept of innovation and can be used in a very broad context. 
1.2

Protecting 3-D innovations TC "1.2

Protecting 3-D innovations" \f C \l "2" 
An invention is a creation by a person, whereas a discovery pre-existed to the findings of this person. There are different means to protect new inventions. Examples of innovation policy instruments are: patents, prizes, subsidies, grants, universities and public laboratories (Guellec, 2007). In this thesis, the focus will be on patents.

The ‘natural rights’ theory of both Locke J. and Hobbes T. sees patents as a reward for the inventor, rather than an incentive serving society’s interest. Opposite, the ‘utilitarian theory’of Bentham J. and Mill J. considers knowledge as a public good, which makes imitation easier. In this sense,  patents are a response against imitation to encourage protection of inventions as a policy instrument used by society (Guellec, 2007). In this thesis, the natural rights theory will have a higher priority. 

Studies show that patents are effective in encouraging innovation in scientific industries such as pharmaceuticals or chemicals, but only have little direct effect in other sectors. The easiest way to indentify innovation is by means of patent statistics. 

Chapter 2

A Historical Background TC "Chapter 2

A Historical Background" \f C \l "1" 
To make an estimation of how 3-D cinema will evolve in the future, it is important to start with collecting information on how 3-D cinema evolved in the past. Possibly there are patterns of cause and effect in the past that can help to determine how the future will progress. This chapter will therefore start with  an overview of the history of 3-D. This section will be strongly linked to the work of Lipton (1982; 2007) 

These days, 3-D cinema has been promoted as a new invention of the last decade (Hall, 2004). In the first part of this chapter, this assumption will be examined; some attention will be given to the rise of 3-D, as knowing where it all started is important. Surprisingly, the assumption that 3-D has risen in the past ten years may immediately be rejected, as the first 3-D film already played for an audience in 1922 as will be explained later on in this chapter.

Further on, the stages of the evolution of 3-D cinema will be described. After the birth, 3-D cinema had its first boom in the 50s, which was followed by a sudden fall. After a certain period, a rebirth became visible which may result in a second boom. This chapter will also try to discover why 3-D cinema went through all these different stages.
2.1 
The birth of 3-D (1833-1950 TC "2.1 
The birth of 3-D (1833-1950" \f C \l "2" )
As was mentioned before, the first 3-D film already played for an audience in 1922, which is remarkable seeing as today 3-D is being promoted as a new invention (Hall, 2004). In appendix I will be explained how 3-D cinema can be achieved and it reveals its often unmentioned past. A distinction will be made between the general invention of stereoscopy, and the actual application of 3-D cinema. During the birth of 3-D cinema three different systems were used to make and show 3-D films: the anaglyph method, the eclipse shutter method and the polarization method. All of these will be examined in further detail. Other methods were also invented, but could never be commercialized. In the following section, these three methods will be compared to the recently used methods.

2.2
The first boom of 3-D (1952-1953) TC "2.2
The first boom of 3-D (1952-1953)" \f C \l "2" 
Research shows that 3-D cinema was already successful in the 50s. This first boom of 3-D is remarkable because, as was stated earlier, 3-D is promoted to be a recent invention. The previous parts of this thesis prove that 3-D technology was already a success decades ago. This first boom in 3-D cinema will be examined in this section with a focus on the reason of the boom and the way it progressed.
2.2.1

Reason TC "2.2.1

Reason" \f C \l "3" 
Between 1946 and 1952, attendance in American theatrical cinemas nearly halved, from 82.4 million visitors in 1946 to 46 million visitors in 1952, mainly due to the growing popularity of television, which was a major competitor in the entertainment industry. There were rumors about shake-ups and labor cutbacks. A new breakthrough was necessary to capture the attention of the audience once again (Hall, 2004).

In the early 1950s, the film industry was finally convinced  that the polarization method was a good strategy to get people back into the stereoscopic theater. Cinemascope, Cinerama, and the dual-camera projector system for stereoscopic films were created, thanks to the introduction of Ansco Color (and subsequently Eastman Color materials) because Cinemascope, Cinerama, and the dual-camera projector systems would not be able to work with older technologies. It are all technologies that are created to make movies for wide screens (Zone, 2007; Lipton, 1982).

2.2.2

Progress TC "2.2.2

Progress" \f C \l "3" 
In 1952, Cinerama
 opened its doors. On November 27, 1952, the first American feature film was made in color and 3-D, Bwana Devil, that was shown in Los Angeles and made use of the polarization method. This method is still the standard for theatrical presentations. Bwana Devil became very popular and made $700,000 in one week  (Zone, 2007; Lipton, 1982; Lipton, 2007).

It seemed to be the end of a silent era and a new 3-D trend was rising. Nevertheless, the industry was unprepared. According to Hall (2004), only one studio, Paramount, had a 3-D projector on hand, made years before. In 1953, the studios filmed three hundred movies ;15% of these were released in 3-D (Limbacher, 1968). Many studios were converting to stereo, this means that the theatre rooms in a cinema are provided with technical aspects to show 3-D movies.

In 1953, the film House of wax made by Warner Brothers was the first 3-D feature using recorded stereophonic sound. A second groundbreaking feature in this year was the first Colombia pictures film released in 3-D: Man in the Dark. In the same year 1953, Universal-International released their first 3-D feature: It Came from Outer Space, using stereoscopic sound. Paramount's first feature, Sangaree, followed this release. The Walt Disney Studios also introduced their first 3-D movie in 1953, namely Melody, which was later shown at Disneyland's Fantasyland Theater in 1957. 20th Century Fox produced their only 3-D feature, Inferno in 1953 (Zone, 2007; Lipton, 1982; Thompson & Bordwell, 2009).

2.3
The fall of 3-D (1953 -1981 TC "2.3
The fall of 3-D (1953 -1981" \f C \l "2" )
After the boom, 3-D cinema almost disappeared. Only nine months later after the start of the rise of 3-D cinema, the stereoscopic film-boom came to an end. This rapid decline can be explained by four reasons:
1. Competition

2. Low Quality

3. No novelty 
4. Problems with depth perception 

These will now be discussed in more detail.
2.3.1

Competition TC "2.3.1

Competition" \f C \l "3" 
First of all, there was a rival to 3-D technology, namely anamorphic cinema (a cinematography technique used to capture a widescreen picture on standard film) in the period of the boom. The Robe, which premiered in 1953, was the first feature film released in this format and that was filmed using an anamorphic lens. Its synchronization and quality was better than that of 3-D, thus making anamorphic cinema a potentially powerful competitor (Zone, 2007).

During the boom of 3-D, some producers expressed little interest in stereoscopic systems and were more interested in anamorphic technology and its successor: Cinemascope. Cinemascope was created in 1953 by 20th Century Fox and was designed for shooting wide screen films (Zone, 2007).

There was no single initiative to combine Cinemascope and 3-D until the sixties, when a film called September Storm was released. Exhibitors felt uncomfortable with the system that combined large screens and 3-D and moved their focus towards successful widescreen formats such as Cinemascope instead (Zone, 2007).
2.3.2

Low quality TC "2.3.2

Low quality" \f C \l "3" 
Another serious problem that 3-D cinema faced was low quality. This section will focus on how low quality led to the decline of 3-D, and why it existed at all. Low Quality is an important issue as it leads to headaches and eyestrains. A study (Jones et al., 1954) shows that 25% of the stereo films in 1953 were irritating for the eyes. These stereoscopy problems also caused sensations similar to those experienced in motion sickness, and were a consequence of a mismatch of perception due to low quality. 

2.3.2.1

The need for 3-D glasses TC "2.3.2.1

The need for 3-D glasses" \f C \l "4" 
The first cause of low quality in 3-D technology, was the need for 3-D glasses to watch stereo films. The main source of complaints originated when people who wore normal glasses were inconvenienced with the extra and uncomfortable pair of 3-D glasses. The public’s complaints focused on the stereo glasses, who were considered to be a major obstacle as people believed that 3-D glasses were the reason for the eyestrains they were experiencing (Lipton, 1982). The stereoglasses therefore seemed to take the blame for the problem of low quality, but the industry, who had a better insight in this matter, was aware of another problem that caused eyestrain. This will be discussed below. 

2.3.2.2

Technical problems TC "2.3.2.2

Technical problems" \f C \l "4" 
A technical aspect was main source of the eyestrains. The shooting camera’s were not optimally adjusted to make a three-dimensional film. The synchronization of the left and the right prints must be exactly the same, as even small differences might irritate the eye. It was impossible to reach such quality levels with the material that were present at that time. (Linssen , 1952). 

2.3.2.3

The lack of experience TC "2.3.2.3

The lack of experience" \f C \l "4" 
As was said before, the industry was completely unprepared for 3-D during the boom. Many studios were converting to stereo due to the rising popularity of 3-D, but neither cinema’s, nor producers were experienced in using this new 3-D technology (Hall, 2004).
There was a shortage of stereoscopic experience, both with the technical crew and the cinematographers, especially because the system of projection was very complex. Moreover, cameramen and crew were expected to deliver good quality without having any practice, which is almost impossible. Poor quality was not corrected in the quality control laboratories, as they too, dealt with insufficient experience (Hall, 2004). 

2.3.2.4

Limited financial resources TC "2.3.2.4

Limited financial resources" \f C \l "4" 
Producing a 3-D film required costly hardware and processes. Manufacturing a 3-D film is therefore more costly than making a 2-D film. Thereby, many producers lost their interest in 3-D and were more interested in shooting films on wide screens. This resulted in a limited amount of films that had a budget large enough to make a film in 
3-D (Hall, 2004).
2.3.3

3-D is not seen as a new genre TC "2.3.3

3-D is not seen as a new genre" \f C \l "3" 
Hollywood was always the capital of commercial 2-D films. During the boom of 3-D they continued making commercial films, with the only difference that they were made in 3-D. They did not use 3-D for a specific genre, but tried to make normal 2-D genres in 3-D versions. During the fall, most released films were projected in 2-D because of the public’s antipathy towards 3-D at the time. 

Remarkable was that the public still went to theatre to watch B films, such as Creature from the Black Lagoon and House of Wax which were released in 3-D, because their quality was no better than the 2-D B product. Further on, these genres were very different from commercial cinema. Thus 3-D would have been more successful if it were treated as a different genre and only used for non-commercial films (Zone, 2007; Lipton, 1982; Engber, 2010).

2.3.4

No depth perception TC "2.3.4

No depth perception" \f C \l "3" 
Later on, Kaufman (1974) discovered that about 8% of the population can not see depth through a stereoscope. We are referring here to people who are stereo blind and those who have various degrees of deficient stereoscopic perception; this means that they can not see depth when looking at a 3-D film.
Further on, people who are blind in one eye will not perceive 3-D effects. Some people who operated movie projectors had stereo vision problems themselves. Others had eye muscles that became very flexible, which caused problems in production as they tried to adjust to the needs of their own eyes which deviated from that of most people (Kaufman, 1974).
2.4
The revival of 3-D (1981-1983) TC "2.4
The revival of 3-D (1981-1983)" \f C \l "2" 
The period after the fall is called the revival, because 3-D was completely gone and two new techniques brought new life to the technology: the single band system and the double projector. Both methods will now be explained.

2.4.1

The signle band system TC "2.4.1

The signle band system" \f C \l "3" 
After the fall, only a few films were shot stereoscopically, these were played in neighborhood as well as road-show houses. It was impossible to play these films in more theatres, as 3-D worked with a double-band system that required specifically equipped theaters, but most theatres had stopped converting to stereo when they noticed 3-D began to lose popularity. To overcome this problem, Nord and Dudley showed single band-systems in 1953. A single band provides only one image instead of 2 images, one for the left and one for the right eye. With single band system, it is not needed to wear 3-D glasses. Unfortunately single band systems did not become successful, especially because the quality was extremely low (Zone, 2007; Lipton, 1982).

In 1970, only a handful stereoscopic films were made, all in single band systems, but this was an unsuccessful attempt. Apparently, the audience preferred to wear stereoglasses to have a relative bright image instead of wearing no stereoglasses and look at an autostereoscopic image that was blurry and dim. The single band system failed to revive the public’s interest in 3-D cinema, and it was decided that anaglyph method were to be used in future productions. In 1960, very few stereofilms were released.  (Zone, 2007; Lipton, 1982).
2.4.2

The double projector TC "2.4.2

The double projector" \f C \l "3" 
Arch Oboler, the same producer who started the success of the 1950s used a new technology called Space-Vision 3-D, where two images are printed one above the other and only one projector is needed. It could stay in perfect synchronization but the new technology produced darker widescreen images. Arch Oboler created a film using this technology entitled The Bubble, which became very successful. The system became financially healthy enough to promote it to other studios  (Zone, 2007; Lipton, 1982).

In 1970, Stereovision was invented by Alan Silliphant. Stereovision uses two images and an anamorphic lens to widen the pictures through polaroid filters. The softcore adult film: The Stewardesses, which used this method, became the most profitable 3-D film to date. The genre of the 1970s 3-D films was rather monotonous, as most were either softcore and even hardcore adult films, horror films, or a combination of both (Zone, 2007; Lipton, 1982).

2.5

The rebirth of 3-D (1983-2004) TC "2.5

The rebirth of 3-D (1983-2004)" \f C \l "2" 
Between 1981 and 1983, the rebirth of 3-D originated with the spaghetti western Comin' at Ya!. After this, horror science fiction, fantasy and classics dominated the 3-D releases, for example Jaws 3-D (Zone, 2007; Lipton, 1982; Hall, 2004).

In the mid 1980s, 3-D films experienced a worldwide resurrection driven by IMAX theaters. Due to the mathematical correctness of these cinema’s, eye fatigue and motion sickness could be largely eliminated and the very large field of view provided by IMAX made sure that the 3-D cinema was of better quality (Zone, 2007).

In 1986, Disney Theme Parks and Universal Studios did specially themed-venues. In that same year, IMAX used polarized glasses for the first time, which was a breakthrough as, before then, polarized technology was not possible on large screens (Zone, 2007).

In 1990, IMAX expanded its 3-D network. About twenty stereoscopic movies were made from 1990 to 2000. By 2004, 54% of the 248 IMAX theaters was capable of showing 3-D (Zone, 2007).

Shortly thereafter, another wave of 3-D occured, as a result of the higher quality of computer animation, competition from DVD and other media, higher quality thanks to digital projection, digital video capture and the use of sophisticated IMAX film projectors (Zone, 2007). The fundamental technology behind the 3-D revival has not changed since the early 1950s, but digitalization was able to improve the quality of these technologies (Engber, 2010).
2.6

The second boom (2004- until now) TC "2.6

The second boom (2004- until now)" \f C \l "2" 
In 2004, 3-D began to gain more popularity and started to boom again. This boom started with the 3-D movie The Polar Express. It was a huge success. The next profitable 3-D film was Beowulf, a film released in 2007 (Engber, 2010). It is remarkable that the second boom started in 2004, when the first boom took place 50 years earlier, when there is no clear reason that can explain the new and sudden success of 3-D so many years later after the first boom. 

In this chapter, the possible reasons of the increase in success of 3-D will be explored by comparing the motions that started the first boom to the motions that started the second boom. Similarly as the previous section, the possible treats of 3-D will be explored by comparing the first boom and its fall, to the second boom. 
2.6.1

Causes for the second boom TC "2.6.1

Causes for the second boom" \f C \l "3" 
In this part, the reasons why the second boom took place will be examined. First of all, the drop in attendance in cinema was a contributing factor during the first boom, and it will be investigated if this is also the case again for the second boom. Secondly, there was a pressure to convert to stereo during the second boom which will also be examined in detail. 

2.6.1.1

Drop in cinema attendance TC "2.6.1.1

Drop in cinema attendance" \f C \l "4" 
The history study showed that in the period between 1946 and 1952, attendance in American theatrical cinemas dropped by nearly half, from 82.4 million visitors in 1946 to 46 million visitors in 1952, due to the growing popularity of television, which was a major competitor to the film industry. A new innovation was necessary to catch the attention of the audience, and therefore 3-D was introduced (Zone, 2007; Lipton, 1982; Lipton, 2007). In this part, it will be examined whether this is also the source of the re-introduction which led to the second boom.

The European Audiovisual Observatory (2010) estimated the European cinema attendance in the period between 2001 until 2010, which is shown in figure 1. A decrease in general cinema attendance is visible from 2001 to 2005, mainly due to a strong competition from games, iTunes, illegal downloads and TV. These were the competing factors which led to a drop in attendance in the cinema’s.

Like in the first boom, the industry needed a new feature to attract people. The 3-D technology might once again be a perfect ‘new’ feature which might “save” the movies from the tough competition.
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Figure 1: Cinema attendance in the European Union 2001-2010 (in millions), (The European Audiovisual Observatory, 2011).
2.6.1.2

Pressure to convert to stereo TC "2.6.1.2

Pressure to convert to stereo" \f C \l "4" 
Remarkably, in the last 10 years, a pressure rose amongst cinema’s to convert as much as possible to stereo. Converting to stereo means that the theatre rooms in a cinema are provided with technical aspects to show 3-D movies. Producers are promoting 3-D as a breakthrough and claim that it will become the future for cinema.

This pressure can be seen in table I. According to this table, digital 3-D screens represent about half (55%) of all digital screens in the world.
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Table I: Worldwide digital 3-D screens, (www.mpaa.org, 1/07/2011).
The sudden rise of theatres conversion started when James Cameron announced that his film, Avatar, would only be released to theaters capable of showing it in 3-D. Ever since, Cameron has tried to pressure exhibitors to convert their theatres to 3-D. He claimed that Avatar would be very successful and that he would only allow for it to be shown in 3-D. Thanks to Cameron’s reputation and popularity, exhibitors decided to invest in 3-D. However, 3-D systems are nowadays digital, so theatre owners had to convert from normal projectors to digital projectors to 3-D (Kristin Thompson en David Bordwell, 2009; Hall, 2004). 
A digital conversion costs over 100,000$, what is five times more than a normal projector. It is costly and these projectors will probably become obsolete in a few years. A conversion from digital projector to 3-D is not very expensive. Nonetheless, many theater chains announced they converted to digital projection and converted to 3-D (Kristin Thompson en David Bordwell, 2009). It seems that 3-D is going to become a routine and frequently chosen method for making film. On average, theatre owners charge $2 or $3 more per ticket for 3-D films. This extra charge is to cover the extra costs of digitalisation, plus add a profit margin (Thompson &  Bordwell, 2009). 

Industry executives asserted that the 3-D format came with a rise of twenty percent in revenue (Engber, 2010). Consequently, many films that are now playing, are in 3-D. However, the making of a two-hour film in 3-D adds to its cost, on average about $20 million. An alternative option, is shooting a film in 2-D and converting it to 3-D, this adds about $12 million to the costs for a two-hour film (website Thompson K. and Bordwell D., 15/05/2011).

These days, a major blockbuster may open on 4000 screens or more, but in 2008, roughly 320 of the U.K.’s 3600 screen were digital, which entailed that most of these did not have 3-D capacity. In the U.S., 2500 screens out of 38,000 were digital. Consequently, Cameron could not settle to release only in 3-D, as there was not enough 3-D capacity. The same happened to other directors, whom also wanted their film to be a 3-D-only release. They had to change  plans and provide both 2-D and 3-D formats. Cameron believed that the losses of revenue would come from the fact that there are too many 3-D films for too few equipped screens. Basically he is saying that the format "is in danger of becoming a victim of its own success." However, in 2010 there was a considerable increase in the number of 3-D digital screens as was shown in the previous sections of this chapter (Website Thompson K. and Bordwell D., 15/05/2011).

However, it seems obvious that it will still take years before a film can be released without 2-D 35mm prints included in its distribution and in this period, it is possible that 3-D will lose its attraction for audiences (Website Thompson K. and Bordwell D., 15/05/2011).
2.6.2

Possible treaths to 3-D TC "2.6.2

Possible treaths to 3-D" \f C \l "3" 
As explained before, research has shown that the earlier problems that ended the first boom were: competition from other breakthroughs in cinema, low quality of 3-D movies, lack of novelty and problems with depth perception. This next section tries to examine whether these problems that were responsible for the earlier fall of 3-D are now solved.  
2.6.2.1

Competition TC "2.6.2.1

Competition" \f C \l "4" 
Important to emphasize, is that this competition takes place within the borders of the cinema industry, different techniques that are used to make a movie can compete against each other. During the fall, there were two major competing processes of cinema techniques: anamorphic and Cinemascope. These processes were used to shoot widescreen films and were competing factors for 3-D cinema. 

Nowadays, there is no such competition noticeable. Digitalization is a new technique in cinema that was introduced together with 3-D, but as will be explained later on, this technique supports 3-D instead of competing against it (Zone, 2007).
2.6.2.2

Low quality TC "2.6.2.2

Low quality" \f C \l "4" 
During the first boom, low quality of 3-D films was a significant problem. This low quality was mainly caused by the technical aspect; the methods used were not able to deliver bright images of good quality, which caused irritation of the eyes.  
The methods that are now used to make and show 3-D are explored in the appendix II, the focus is also on the recent growth of the amount of digital screens and and how this affects 3-D cinema. This study shows that the techniques that are used these days,  have not changed since the first boom, only the equipment that controls these techniques is different. However, the quality of the 3-D product has improved slightly thanks to digitalization, but this quality enhancement mainly lies in the brightness of the screen, and problems such as eye fatigue and headaches do still exist.

Further on, people still have to wear 3-D glasses and this was considered as a large inconvenience during the first boom. Up until now, there is still no solution for this problem.

2.6.2.3

Lack of novelty TC "2.6.2.3

Lack of novelty" \f C \l "4" 
During the first boom, 3-D was not seen as a specific genre, producers simply made normal films into 3-D versions. Thus 3-D might have been more successful if it were treated as a separate genre, later in this study it will be shown that 3-D screenings that have ‘3-D’ in their title make a significant higher profit. Fewer people would go to cinema to see a movie called Step Up 3-D in 2-D and would prefer to watch a movie in 3-D when its title implicates that it is a specific 3-D genre. This implicates that the audience sees 3-D as a separate genre.  However, producers don’t seem to see it that way (Zone, 2007; Lipton, 1982; Engber, 2010).
2.6.2.4

Problems with depth perception TC "2.6.2.4

Problems with depth perception" \f C \l "4" 
In 1974, Kaufman discovered that about 8% of the population can not see depth through a stereoscope. This was a problem during the first boom, since a relatively large part of the population was not able to see depth when looking at a 3-D show. Today, this problem still exists.

2.7
Chapter conclusion TC "2.7
Chapter conclusion" \f C \l "2" 
In this chapter, the stages of the evolution of 3-D cinema were described. The first stage was the birth, followed by a first boom in the fifties, which was then followed by a sudden fall. After a certain period, a rebirth became visible and this resulted in a second boom.

3-D has recently been introduced in the market, and it is being promoted as a new, breakthrough technology. This is strange, because 3-D was introduced about 50 years earlier. The first time it was introduced, 3-D cinema knew a short-term success, which soon ended in a fall. It is interesting to ask oneself why 3-D is recently being promoted as a new technology when it has existed for a long time and has never been very successful. 

The reason why 3-D was introduced into the market in the 50s was explored, namely at that time, attendance in cinema largely dropped due to the growing popularity of television, which was a major competitor in the entertainment industry. This chapter shows that competition in the entertainment industry was again responsible for the more recent introduction of 3-D into the market. The reasoning for the re-introduction of 3-D has remained the same.

Remarkably, the 3-D first boom crashed due to several reasons. However, since the new introduction of 3-D no solutions have been found that solves these problems. One of the main reasons was the low quality of 3-D movies during the first boom, this was mainly caused by non-optimal techniques. Nowadays, these techniques have not changed. the quality of 3-D movies is still lower than that of normal movies, but has increased a bit in comparison with the 50’s thanks to digitalization. Further on, 3-D could possibly be more successful if it were to be treated as a new genre. 

In spite of the many problems, the entertainment industry is very positive about 3-D and a certain pressure exists on cinema owners to invest in the equipment that is needed to watch 3-D. Many cinema’s are thus converting to stereo, because the industry gives the signal that 3-D will become the future cash cow. 

It is a strange phenomenon that 3-D is re-introduced considering the problems it faced in the past. The possibility that cinema’s needed a new breakthrough to increase attendance in cinema is not enough to explain this, especially because the pressure to adopt 3-D as a new technology comes from the producers, and not from the cinema’s. However, it might be possible that re-introduction of 3-D is the consequence of process. It is possible that some theories are able to explain this phenomenon. History shows us that the evolution of 3-D is characterized with a double boom. A theory about a double boom does exist and this will be elaborated in the next chapter.

Chapter 3

The double boom TC "Chapter 3

The double boom" \f C \l "1" 
In the history study, a double boom trend in 3-D technology was discovered. This will be examined later on. First, the basis of the double boom theory of Schmoch will be examined in this chapter. 

3.1

Linear models of innovation TC "3.1

Linear models of innovation" \f C \l "2" 
In the previous part more information about the general concept ‘innovation’ was given and a definition was presented. In this part linear models will be examined. Linear models resulted from the black box model, which states that money invested in R&D always generates new technological products (Shavinina, 2003). However, the black box model does not explain the underlying processes of R&D characteristics. Linear models, on the other hand, do. More specific, we speak of technology push versus market pull models, that focus on specific processes to generate new technologies (Shavinina, 2003).

3.1.1

Technology push TC "3.1.1

Technology push" \f C \l "3" 
Schumpeter’s theory (1947, 1949) implies that heroic entrepreneurs create the market through the new technologies. This is called ‘technology push’ and was the first linear description of innovation: it places major emphasis on the role of underlying scientific knowledge in innovation. The technology push model is closely related to the science push model, and states that discoveries in science eventually lead to technological developments which result into a flow of new products and processes in the market (Rothwell & Zegveld, 1985). Both models slightly differ, but the focus is the same on technological change as a driving force for innovation.

3.1.2

 Demand pull TC "3.1.2

 Demand pull" \f C \l "3" 
In the 60s and 70s market-led theories had an considerable impact. In addition to the classical growth theory, these theories depart from the market and are thus called ‘market pull theories’. They imply that when the level of demand increases, the capacity of the economy to supply will increase as well. Thus, according to this theory, successful innovations are led by customers (Rothwell and Zegveld, 1985). Without customers, R&D would be non-existing (Cooper, 1975). Myers and Marquis (1969) believed that successful innovations are all demand-led. Schmookler (1966) analyzed this theory and discovered that the changing pattern of demand is a stimulus to innovate and invest in capital goods. Technology is therefore an outcome of investments: industries only invest when there are clear market signals.

Both innovation and adoption of new technology are characterized by market failures. This means that the free market is failing; allocation of goods and services by a free market is not efficient, more precisely there is a lack of market pull for innovations (Shavinina, 2003). There are several factors that can cause market failures. A first factor is that patenting can not exist as there is no regulation of the state in a truly free market and companies are not motivated to invest in an innovative technology when secrecy can not be protected. It costs too much to invest when the investments are not protected, because the outcome is uncertain which makes investing very risky. The market is then characterized by underinvestment in R&D. In this situation, the market does not always recognize breakthroughs immediately and is not always willing to make use of them. Therefore, market failure is seen as the main justification for public investment in research and development. The governments can spend money on research, but this  will lead to higher taxes (Shavinina, 2003).
A second possible factor for market failure is the possibility of a long time frame. For example, the idea for Internet that was already there in 1955, but between 1955 and 1995 there was no money to be made, whereas nowadays it is very profitable. Howerver, without investments in research and development, nothing will happen and we will all be worse off, as with innovation creates wealth (OECD, 1998).

3.2

The double boom TC "3.2

The double boom" \f C \l "2" 
According to the theories of Schumpeter (1947, 1949) and the market led theories, innovations do exist thanks to either the technology push or the market pull. However, the question of which comes first –technology or demand- has turned out to be a chicken and egg question. Scherer (1982) believed both theories are not completely correct, because both technology push and market pull must be taken into account. Therefore, Schmoch`s (2007) double boom theory is introduced. According to Schmoch (2007), the implementation of science based technology is often characterized by a double-boom cycle, containing a first boom with science push and a second boom with market pull. 
The double boom theory indicates a double boom through patenting. Publications and sales follow a certain pattern as well, according to this theory.

Several decades before the double boom, a first research will start, however this research was not yet in a stage where the transfer from creative ideas into technology seemed to be realistic, the findings are not yet taken up either by technology or by science. When the stage is reached where the transfer into technology seems to be possible, the patenting starts, but scientific development already preceded this technical development by several years. With scientific activities, publications of the technology are meant and with technical activities the number of patent applications in the specific field are meant. Technological development is thus first publicized, at the same time patents are being made on the technology.

A double boom trend is visible through patenting. The lag between the boom periods can be about 15 years or even longer. The first patent boom is a science-push and the second boom is market-pull. 

The publication activities show a stagnation period that starts just before the first patent boom. This stagnation period takes several years, and publications start to increase just before the second patent boom. Overall, the scientific activities (publications) are more stable and do not display the pronounced fluctuations as the technological ones (patenting).
In contrast, there is no direct impact of technology on market sales. The sales do not reach a considerable level until the beginning of the second patenting boom, after that they steadily increase (Schmoch, 2007).

Thus, more specific, publication activity and patent activity should be visible before the introduction of the innovation on the market and follow a certain pattern. This time lag between the first idea and the scientific and technological activity, namely publication and patenting, is large. 

Simultaneously to this cyclical development of patenting, the number of  market players increases and decreases in a similar way. More specifically, the number of firms increased in the period before the first boom. After this boom, many firms left the field. In the stagnation period new firms enter and the largest applicant will reduce its patent activities. With the second boom, new large players appear (Schmoch, 2007). 

In the search for patents at the United States Trademark and Patent Office (USPTO) and the search for publications, a search key that selected all useful patents and publications in databases was used. The outcomes of this investigation will be discussed in chapter 4. In chapter 5, the sales will be examined.
Chapter 4

Data collection: Patents, publications and news TC "Chapter 4

Data collection: Patents, publications and news" \f C \l "1" 
In this chapter, it will be examined if the 3-D technology is an application of the double boom theory. Before the data collection can begin, there has to be a selection of which sources and/or databases will be used. For the data collection, there will be a careful selection in order to include solely reliable sources .  

Therefore, for the empirical part of this work, data will be gathered from patentdatabases, publications and news.  The information from the databases will be tested against the theories discussed in the previous chapters, with a focus on a possible double boom.

4.1

Patents TC "4.1

Patents" \f C \l "2" 
Patent information will be used as a potential indicator for a double boom evolution in the 3-D technology. The information that can be found in such patent databases is useful as it shows the technological progression, and thus the increasing and decreasing interest, of the 3-D technologies. In this thesis, patent information concerning 3-D technologies will be collected at the United States Trademark and Patent Office (USPTO), [25/07/2011].

To select the information that was needed in this research, a query was used. Presumably, there can be thousands of search terms used in the query, because there are many factors which represent a fit with the 3-D technology. By designing specific and effective queries, a search can be executed within a particular database. The following query was used as it selected most of the useful patents in the USPTO database: (stereoscopic and projection and (camera or dimensional or 3-D)) andnot (vehicle or video or mobile or photograph or conferencing or surgery or surgical or vehicular or printer or scanning or wireless or gaming). ‘Stereoscopic and projection’ are quotation marks, both are fundamental since the query tries to select working stereoscopic systems that are able to create 3-D films; and as is explained earlier: projection always goes in line with this making process. Stereoscopic and projection are always accompanied by the words ‘camera, dimensional or 3-D’, this ensures that only patents about ‘3-D’ or ‘stereo cameras’s’ are included, since dimensional and 3-D are both used as synonyms. Finally, the query so far showed patents concerning vehicles, videos, mobiles, photographs, conferencings, surgery, printer, scanning, wireless systems and gaming. Since this study limits itself 3-D cinema, all these redundant patents were removed from the query.
Unfortunately, data collected at the USPTO only shows technical information from 1976 to now. After restructuring the information, by using only the granted patents and removing double information, only few patents remained. It is remarkable that from the period 1975 to now only 50 patents were granted concerning 3-D technology. However, this can be explained by the fact that the recent techniques are the same as those that were used in the first boom, namely three main technologies existed; the anaglyph method, the eclipse shutter method and the polarization method. Today, only the equipment that controls them has slightly changed.  Figures 2 and 3 were created: the first shows the cumulative number of patents in time, and the second shows the number of patents over time.
Figure 2: Patenting 3-D technologies (cumulative), (USPTO, 25/07/2011)
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Figure 3: Patenting 3-D technologies, (USPTO, 25/07/2011)
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As can be seen, there is a boom period in this graphs from 1992 to 2006. Unfortunately there is no patent information available before 1976. However, thanks to the historical research in chapter 2, it is known that curiosity-oriented research referring to the 3-D fields appears several decades before the first patent boom. Further, in 1889 the stereoscopic motion camera was patented by william Friese-Greene. Around 1922, the anaglyph method and the eclipse shutter method were patented. In 1939 polaroid filters were exhibited when producing stereo films. More applications of polarization were patented in this period. A single band system for 3-D was patented in 1953. Therefore, it may be assumed that a first patenting boom can be recognized starting in 1922 and ended in 1953.  At the start of this boom, the basic theoretical concepts were patented, followed by the patenting of new applications and incremental changes. The second boom is not, as pronounced as existing technologies are being optimized. This assumption is based on the lack of evidence concerning the patenting of new 3-D technologies in the period between 1992 and 2006.
The second chapter focused on historical data and we will measure the difference between the data that was collected  there and the data that was collected in the patenting. Together, these two views on 3-D technology will paint a broader picture of the evolution that took place and is still taking place. There is thus more validation that the information that was found is indeed correct, because by explaining all the fluctuations in the data, the noise will be reduced. However, this analysis is only done on a visual basis and this might increase the level of subjectivity.
In the historical  study  the following information on the evolution of 3-D technology was collected:

Birth
1833-1950

First boom
1952-1953

Fall
1953-1981

Revival
1981-1983

Rebirth
1983-2004

Second boom   2004-now

It can be seen that the evolution of 3-D technology found in the historical research roughly coincides with the evolution of the patents if we assume that the birth and rebirth are part of the booms in our historical research. To conclude, it can be said that there are two booms recognizable, namely from  1922-1953 and 1992-2006.

4.2

Publications and news TC "4.2

Publications and news" \f C \l "2" 
Publication information is also used as a potential indicator for a double boom evolution in 3-D technology. Measuring the evolution by calculating the increase or decrease in publications, can provide important information about the development, acceptation, popularity, and chances of success of certain technologies. To collect relevant publications a database will be used to assemble relevant news publications: in this research that will be the Google News Archive database [25/07/2011]. The  outcome of the search concerns news articles, scientific archives, academic journals databases, historical archives and online news archives. This search engine offers users the ability to search over a timeline from 1800 until now, which immediately shows the capacity of this application. However, one must be awared that Google News Archive contains publications about the 3-D technology, but it also contains news about released 3-D films. 
Google News Archive looks at all articles relevant to the query (for more information about the query look at the chapter “patents”) and displays the results in chronological order over the time period. The search resulted in figure 4 for news and publications on 3-D technology over a time period of 1920 to 2010. 
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Benefitting from the release of Avatar in 2010 Italy registered the most significant admissions growth in terms of absolute numbers (+12.3 million, +11%
reaching 123.4 million admissions, the highest level since 1987. Another record was broken in France where 201.1 million tickets were sold in 201C
(+5.4 million, +2.7%), reaching the highest level since 1967. However admissions dropped significantly in Germany (-19.7 million, -13.5%), Spain (-

12.8 million, ~11.7%) and the UK (-4.2 millon, -2.4%).
Outside of the EU, the Russian Federation continued its impressive growth trend of the past years with admissions growing once more by 19.5% to react

165.5 million tickets sold, making it the third largest cinema market in Europe in terms of cinema attendance, almost reaching the size of the UK market
2010 also proved a successful year for the Turkish cinema market where admissions grew by 11.3% to 41.1 million, the highest level in years.
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Figure 4: Amount of 3-D technology news and publications over time from 1920 to 2010 (Google News Archive, 25/07/2011).
The slopes of the curves increase with the amount of news and publications , thus the steepest slope represents the largest growth in publications and news. At a closer glance, two stagnation periods of publications can be recognized. The first stagnation period started in 1920, just before the first patent boom in 1922. The stagnation period takes about 30 years and stops in 1953. In 1953 an expansion of publications and news is visible, this can not be explained by the theory of the double boom by Schmoch (2007), since his theory claims that a stagnation period should take place from 1920 until the beginning of the second patent boom in 1986. However, a second stagnation period started in 1954, just after the first patent boom. This stagnation period stops in 1986. In 1987, publications start to increase. 
Sometimes there are small deviations between the data: for example outliers can be seen in publications approximately at 1967 and 1969. However, deviations between historical data and publication data occur for most technologies, but the main focus lies on the publication peaks , as it is expected that both kinds of information – patents and publications – occur simultaneously at the second peak as more news is published when there is a  breakthrough.  Looking at the compared data, there is little to no difference between the evolution of publications and patents during the second boom. The expansion of publication and news in 1953 is significant, this evolution of publications goes hand in hand with the evolution of patents during the first boom, however, this is not in line with the theory of Schmoch (2007).
To conclude it can be stated that there is a stagnation period from 1920-1986, interrupted by a short expansion of publications and news in 1953. Further, there is a boom period visible in the publications: 1987-2011. These findings are very similar to the expected findings in the double boom theory, except for the expansion of publications and news in 1953. This might be a consequence of the fact that the the Google News Archive database not only shows publications of the new technology, since news about  3-D films is included as well. The historical study stated that in 1952-1953 many 3-D films were released and therefore many news articles have been written. However, this is only an assumption.
4.3

Comparison with double boom theory TC "4.3

Comparison with double boom theory" \f C \l "2" 
Earlier findings show two boom periods in patenting: 1922-1939 and 1992-2006; and an interrupted stagnation period in publication: 1920-1987, followed by one boom period: 1987-2011.

These results will be compared to the double boom theory. According to Schmoch (2007), initial research will start several decades before the boom,  However, this research will not yet be in a stage where the transfer from creative idea into technology is possible, this can be seen in the empirical data as well: in 1858, both the eclipsing shutter method and the anaglyph method were invented, and only in the early 1920s were both methods commercialized. The third method, namely John Anderton`s was commercialized in 1936. There is a delay of forty to eighty years between idea and successful implementation. Lipton (2001) believes that this is typical for stereoscopic innovation, but when looking at the double boom theory, it is possible to conclude that this is a typical pattern for not only stereoscopic innovation, but also for other science based technologies.

In the case of a double boom, scientific development (publications) precede technical development (patents) by several years (Schmoch 2007).  The basic problem is realizing the basic theoretical concepts, and when that is finished, the stage is reached where the transfer into technology is possible. The scientific and technical activities immediately begin almost simultaneously. Publications of 3-D technology start around 1920, where patents of 3-D technology start around 1922, which confirms the theory.

In this study, publications reach an interrupted stagnation period in 1920-1987. Thereafter, the publications steadely increase in 1987, which is several years before the second patent boom which starts in 1992. These are all signs that the results of this study are in line with the double boom theory, expect the interruption of the stagnation period in 1953.

According to the double boom theory, the length of the double-boom cycle is considerable; the lag between the first and the second boom is about 15 years or longer. In all the cases Schmoch investigated , the second boom peak is not yet visible, so that a total length of thirty or even forty years is realistic. In our study the top of the first boom was approximately in 1954 and the top of the second boom is not yet visible, thus the time lag between the two booms is surely as long as 57 years.

Further,  Schmoch`s theory (2007) implies that publications are more stable than patents. In our study, this is clearly visible in the graphs. The theory of the double boom also implies that the implementation of science based technology is often characterized by a science push in the first boom and a market pull in the second boom, characterized by an increase in sales. This will further be examined in chapter 5 which focuses specifically on the second boom. 

Chapter 5

Data collection: Sales TC "Chapter 5

Data collection: Sales" \f C \l "1" 
As was mentioned above, Schmoch`s theory (2007) implies that the implementation of science based technology is often characterized by a first patent boom with science push, followed by a second boom with market pull. Market activities should not reach a considerable level until the beginning of the second patent boom in 1992 (or 2005 if we do not take into account the revival). When the market activities reach this level, they should steadily increase. 

Taking a closer look at the previous chapters, it can be concluded that a first patent boom exists, due to new technologies surrounding 3-D. It can thus be said that the first patent boom is characterized by a science push. However, the second boom should be demand pull. This will be examined more closely  in this chapter, by collecting information on sales.

5.1

Turnover versus production costs TC "5.1

Turnover versus production costs" \f C \l "2" 
This part will look at a process that goes hand in hand with sales, namely costs. Whether the increasing trend of sales coincides with a increase of production costs will be examined below. The average return on 2-D film will be compared to the average return on 3-D film.

In Figure 5, the production costs are compared to worldwide gross turnover, using data of all films that  published their production budget data from 2000-2010. The dot in the right top is Avatar. 

On average, it is clear from the graph that the turnover of a 3-D film is higher than that of an average 2-D film, this is possible because an extra premium is charged to the customer for each 3-D ticket sold and possibly because more tickets are sold for a 3-D film compared to the tickets sold for a 2-D film since more and more cinema’s are converting to stereo. On the other hand, the figure 9 shows that 3-D films on average cost more to make. 

Calculations show that for each dollar spent on a 3-D film, there’s an average return of $3.69; and for each dollar on a 2-D film, there’s an average return of $2.51 in worldwide box office revenue, on average using data from films made in 2000 to 2010. Still, keep in mind that those numbers also include 2-D versions of 3-D films, as was explained (Helmer, 2011).

Figure 5: Worldwide Gross Turnover Production budget by Dimension, (Helmer, 2011).
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5.2

Revenue of 3-D film TC "5.2

Revenue of 3-D film" \f C \l "2" 
This part will examine in a different way whether there is an increase in the amount of tickets sold for 3-D films and an increase in worldwide box office revenue. In figure 6, the overall attendance in cinema in the US is shown from 2005 to 2009, it depicts an increasing trend. This graph shows additional information, namely the 3-D box-office. This graph makes it clear that 3-D sales steadily increase at the beginning of the second patenting boom in 2005 (Schmoch, 2007). It can thus be stated that 3-D cinema sales  follow the pattern of the double boom theory.

Figure 6: Cinema attendance in the US 2005-2009 (in Billions) 3-D spotlight, (www.the-numbers.com/market/, 1/05/2011).
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The average number of digital screens per cinema varies a good deal in individual European countries. In December 2009 the highest figures were
recorded in Belgium (5.3 screens per cinema), Luxembourg (4.4), Austria (4.2), France (3.5) and Portugal (3.4). The leading markets follow at some
distance: United Kingdom (1.9 screens per cinema), Germany (1.8), Italy (1.5) and Spain (1.3).

Analysing the development of digital screens from a more long-term perspective, different growth trends are to be seen in European countries. Countries
like the United Kingdom and Germany have recorded a strong tendency towards growth ever since 2006 and, after a period of deceleration, started to
grow again in 2009. Other countries have experienced more gradual development followed by an exceptionally sharp increase over the last few years:
since 2008 in the case of France or 2009 in the case of Belgium, Italy, Austria and Spain. Yet other countries, such as Finland and Portugal, have
concentrated their development in the recent period, with an annual yearly increase that has been particularly high over the past three years, amounting
to 263.4% for Finland and 230.8% for Portugal.

Table 2: Digital cinema sites and screens in Europe by country 2007 - 2009 (as at 31 December)

Digital Sites Digital Screens Average screens per site

Country 2007 2008 2009 2007 2008 2009 2007 2008 2009
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This findings are confirmed by Helmer (2011), who calculated the percentage of revenue made by 3-D films, compared to the revenue of all films from 2000 until 2010 in the US, in his article ‘the Rise of 3-D’. His findings are shown in figure 7 (Helmer, 2011).
Taking a closer look at the state of 3-D in 2008, it is noticeable that the US revenue from films that were offered in 3-D, never accounted for more than 3% of all films. In 2009, 3-D films represented 16.3%, and in 2010, 31.4% of all films. A rise is thus visible in the revenue of 3-D films compared to the revenue of all films, but it must be kept in mind that those numbers that indicate the amount of 3-D films include 2-D versions of 3-D films. Toy Story 3-D, for example, was released in 3-D, but had 2-D screenings as well (Helmer, 2011). 

Here again can be stated that sales of 3-D cinema follow the pattern of the double boom theory.

Figure 7: Monthly Box Office Returns by Dimension 2000-2010 (in millions), (Helmer, 2011).
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In this part, it was stated that information on sales as well follow the pattern of a typical double boom and 3-D is also a complex science-based field which perfectly fits in the theory. The evolution of 3-D can thus be seen as a rough example of  a double-boom cycle. 

Chapter 6

Underlying processes TC "Chapter 6

Underlying processes" \f C \l "1" 
In the previous chapters, it was discovered that 3-D technology is characterized by a double boom. Sales started increasing just before the second boom. However, this increase in sales does not take into account the underlying processes that are typical for 3-D cinema, ever since this technology has started to replace 2-D cinema. An interesting question is whether it is not completely logical that revenue made by 3-D films will increase, since more and more 3-D films are being made. However, an increase in sales does not directly imply that 3-D films are therefore more popular than 2-D films. Popularity is an aspect that is not questioned in the theory of Schmoch: his theory of the double boom indirectly implies that sales will increase because the science based technology is gaining popularity.

Since the rebirth of 3-D in 2004, cinema’s started to convert to stereo, this means that a large amount of the existing theatre rooms, which where originally showing 2-D films, have now been rebuilt to 3-D theatre rooms. Thus there are fewer facilities for people who want to watch 2D movies. This thesis showed in previous parts that the phenomenon of converting to stereo is an ongoing process, and that this remarkable process is not the result of an increase in popularity of 3-D films, but the consequence of pressure of directors (Kristin Thompson en David Bordwell, 2009; Hall, 2004). Consequently, clients of cinema who want to watch a film in 2-D will not always have the possibility to watch it in 2-D and are sometimes forced to watch the film in 3-D. 

Unfortunately, this phenomenon is difficult to proove. However, in this part it will be shown that the popularity of 3-D films is decreasing. This is a very strange evolvement, as 3-D sales are steadily increasing as was researched in the previous part. 

6.1

Cinema attendance TC "6.1

Cinema attendance" \f C \l "2"  
Since 3-D cinema is a potential substitute for 2-D cinema, it is important to have a look at attendance in overall cinema, containing both formats. In this part, overall cinema attendance is examined.

In the history study was stated that European attendance in cinema was increasing after the introduction of 3-D. It did increase from 2005 until 2009, but from 2009 until 2010 a potential saturation period started, with attendance dropping with 2% with about 961 million tickets sold (The European Audiovisual Observatory, 2011). For more information see figure 1. 

However, the trends vary significantly across the individual European markets. When taking a look at Table II, it is possible to compare the GBO and admissions in different European countries from 2009 until 2010, when the decreasing trend was visible. ‘GBO’ stands for the total amount received from ticket sales, calculated in the currency of the country. ‘Admission’ is the amount of tickets sold. Italy registered the largest growth thanks to the release of Avatar in 2010. Italy sold 11% more tickets in 2010 compared to 2009. In France 2,7% more tickets were sold. Admissions dropped in Germany (-13,5%), Spain (-11,7%) and in the UK (-2,4%). Outside the EU, Russia continued its remarkable growth trend of the past years, having 19,5% more tickets sold in 2010 compared to 2009. The success of cinema is thus very dependent on the county. The potential saturation point that started from 2009 until 2010 might thus be the result of inter-country variations, but this can not be said with certainty. (The European Audiovisual Observatory, 2011).
Table II: Key Cinema Data in European Countries 2009-2010, (The European Audiovisual Observatory, 2011).
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In Europe the development of digital screens seems to be highly concentrated in terms of exhibition companies, in view of the fact that, at June 2009,
5% of exhibitors were responsible for 33.6% of the overall number of digital screens. The top five players are the French company CGR (with 13.1% of
digital screens), Kinepolis (6.8%), operating in Belgium, France and Spain; Cineworld Group (5.6%), present in the United Kingdom and Ireland; Odeon and
UCI Cinemas Group (4.8%), operating as Odeon Cinemas in the United Kingdom, as UCI in Austria, Germany, Italy and Portugal and as Cinesa in Spain;
Cineplexx (3.4%), present in Austria and in Italy.

The motor for the growth that took place in 2009 is certainly 3D cinema: as the North American industry has substantially respected the calendar of
releases announced and audiences have proven receptive and willing to pay a premium price to take advantage of the novelty, exhibitors have invested
in the technology that enables them to offer this new type of product. The penetration of screens equipped with 3D technology with respect to the
overall number of digital screens has continued to increase: it was 54.4% in June 2009 and reached as high as 68.8% in December.

In several countries in Central and Eastern Europe and the Mediterranean Rim, such as Cyprus, Croatia, Lithuania, Latvia, Malta, Serbia, Slovenia and
Slovakia, where the numbers of digital cinemas are still modest, 3D screens represent almost 100% of total digital screens. In fact, the percentage
penetration of 3D digital screens compared to the total number of digital screens is over 80% in many countries, such as Russia, Turkey, the Czech
Republic, Denmark, Italy, Hungary, Finland, the Netherlands, Switzerland, Spain and Poland. The percentage is, however, lower in the United Kingdom,
where it amounts to 70.8%, in Germany (62.3%) and in France (52.8%).

Notes for Editors:
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The information used above is from Europe only. Similar information can be found for the US. The following figure, figure 8, gives information about the cinema attendance in the US since 1995. A general decrease in cinema attendance was visible from 2002 to 2005, and as is stated before, this is mainly due to a strong competition from games, iTunes, illegal downloads and TV. After the introduction of 3-D, from 2005 to 2010, attendance in cinema began to rise. However, from 2009 until 2010, as was stated before, a potential saturation period started. In this graph, we also see a decline of cinema attendance from 2010 to 2011. 

Remarkably, a natural trend is visible in this figure as well, showing fluctuating sales. However, since 2010, 3-D sales deviate from the recognizable pattern and start to decrease. During its lifetime, cinema faced a lot of competition, it is therefore normal that a fluctuating trend is visible: a new product, service or process becomes a competing factor and the attendance in cinema decreases. Consequently, the cinema’s react on a regular base by introducing new technologies, for example animation movies, high resolution films, IMAXes, better surround sound systems, etc. As is the case in normal industries, the film and cinema business are constantly innovating. 

From these graphs it became visible that overall attendance in cinema follows a fluctuating trend which is the consequence of a normal evolution in cinema, amongst others caused by innovations and this is therefore not be specifically related to the double boom theory . 

However, since the introduction of 3-D cinema, the total amount of tickets sold stopped following this pattern and is decreasing.
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Figure 8: Cinema attendance in the US 1995-2011 (in millions), (www.the-numbers.com/market/, 01/05/2011).
6.2

Turnover 3-D versus 2-D TC "6.2

Turnover 3-D versus 2-D" \f C \l "2" 
On August 26, TheOneRing.net, the premiere Tolkien site on the internet, a questionnaire was done with 3400 people, where the audience was asked whether the next Hobbit Film should be in 3-D. The resounding result was ‘no’: 55% said strongly ‘no’, 13% said emphatically no, 13% did not know and 13% thought it should be in 3-D. Director Guillermo del Toro said as a responds that the Hobbit films probably will not be released in 3-D. This is one of the signs that 3-D is losing its attraction (Website TheOneRing.net, 15/05/2011). 

This part takes a closer look at the underlying processes that characterize the 3-D investment. Previous charts (figure 7 and figure 8) show that the monthly box office return of 3-D movies is increasing. It is thus clear that the characteristics of a double boom are visible. However, the numbers used in these charts reflect ‘3-D revenue as a proportion of total revenue’. As has already stated in this thesis, cinema’s have started to convert to stereo. The more theatre rooms are used to play movies in 3-D, the less theatre rooms are available to show 2-D shows. For this reason, it is very normal that the share of earnings from 3-D movies compared to earnings of all movies is beginning to increase, as more films are opening in 3-D theatres. For example, Avatar opened in 2000 3-D theatres and 1450 2-D theatres; Despicable Me opened in 1550 3-D theatres and 1925 2-D theatres. Consequently, it is normal that Avatar got a higher proportion of its revenue of 3-D (Engber, 2010).

6.2.1

The calculation TC "6.2.1

The calculation" \f C \l "3" 
A method to calculate the success of 3-D, namely to research if the 3-D openings of a certain movie are doing better than 2-D openings of this same movie, by calculating the ratio between the amount of money made by a 3-D screening in a theatre and the amount of money made by a 2-D screening in a theatre of the same movie. This gives a sense of the amount of money that could be collected when half of the screenings of a certain film were in 2-D and the other half in 3-D.

As an example, Avatar earned in its opening weekend, $26800 for every theatre that showed the film in 3-D and $15800 for every theatre that showed the film in 2-D. The ratio is 26800/15800, being approximately $1,7. Thus, if every 2-D show would have been converted in a 3-D projection, an additional profit of $11000 could have been realized, or an extra 70 percent (Peter Plas, 3-D workshop).

Despicable Me earned in its opening weekend, $16400 for every theatre that showed the film in 3-D and $16100 for every theatre that showed the film in 2-D. The ratio that we become is 16400/16100, being approximately $1,02. Thus, if every 2-D show would had been converted in a 3-D projection, than an additional profit of $300 would have been realized, or an extra 2 percent (Peter Plas, 3-D workshop).

It is important to realize that this idea is set on the assumption that 2-D and 3-D are more or less interchangeable, when in reality, not everyone who went to a 2-D show was willing to see the movie in 3-D. Still, the extra revenue that a movie gets from 3-D yields some useful information.

Recall the example, Despicable Me managed to outperform Avatar in 2-D screenings, having respectively $16100 and $15800 for each 2-D screening. However, the 3-D revenue of Avatar was much higher, being 70 percent compared to 2 percent. Relatively speaking, if one were to run the same calculations for other movies, it turns out that Avatar’s 70 percent 3-D revenue is not extremely large, as is claimed in the media (Peter Plas, 3-D workshop). 
Engber (2010) made these calculations (ratio of 3-D revenue to 2-D revenue, on a per screen basis) of every major 3-D release from 2005 until 2010, a period being the so-called boom of 3-D in figure 9. More specific details about the period 2009-2010 are visible in figure 10. Only movies that have been released in 2-D and 3-D were considered, and that were released in at least 1500 theatres. More specific, it means that IMAX-only 3-D films and documentaries are not included. Further on, one 3-D film is left out due to a lack of data, namely: The adventures of Sharkboy and Lavagirl 3-D released in 2005.
Figure 9:  3-D versus 2-D, since 2005, (Engber D, 2010).
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Figure 10:  3-D versus 2-D, since 2009, (Engber D, 2010).
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All films above the red line in figure 10 and 11 make more money with 3-D screening, relative to 2-D screenings. The relative amount of extra money  made is decreasing. The red line represents a break-even point, where the 3-D screenings are just as profitably as 2-D screenings. When we interpret this chart, we conclude that 3-D cinema has been getting less profitable over the past five years, compared to 2-D cinema. This downward trend started long before Avatar and Alice in Wonderland and is still going on (Engber, 2010).

To provide more context: the extra revenue for 3-D was at first 575 percent for The Polar Express, and dropped below the break-even-curve with 5 percent for Toy Story 3. However, the media claims that Toy Story 3 was a huge success. Toy Story had a total 3-D revenue of $66 million and a total 2-D revenue of $44 million. Approximately 2445 theatres showed this film in 3-D and 1572 theatres showed this film in 2-D. Thus, the film earned $27000 (being 66 milion/2445) for every theatre that showed it in 3-D and $28000 (being 44 million/ 1572) for every theatre that showed the film in 2-D. The ratio is then: 27000/28000, we become 0,964 being a negative 5 percent extra earnings from the 3-D screenings. The formula is thus losing money. If Toy Story had only been released in 2-D, it would have made 2445*(28000-27000), or $2445000 more profit. This is of course only if we assume that 2-D shows and 3-D shows are interchangeable and that the consumers would still go to a 2-D show if 3-D shows were not available (Engber, 2010). Therefore, it can be stated that the popularity of 3-D in decreasing.

6.2.2

Reasons for decrease popularity TC "6.2.2

Reasons for decrease popularity" \f C \l "3" 
In this part, the reasons for the decrease of popularity of 3-D cinema that was discovered by looking at underlying proces, will be explored.

6.2.2.1

Extra premium TC "6.2.2.1

Extra premium" \f C \l "4" 
An interesting question is what causes the decline of 3-D, looking at these underlying processes. The decline of 3-D could be caused by be the extra premium of $2 or $3 one must paid for a 3-D ticket. In March 2010, this premium increased even more. Analysts predicted at the time that this premium would cause a cut in profits, (Crosett, 2011). 

6.2.2.2

Novelty is wearing off TC "6.2.2.2

Novelty is wearing off" \f C \l "4" 
Another explanation of the decline could be that the novelty is wearing off. The decline of the discussed ratio of 3-D on 2-D earnings is a sign that the 3-D market has matured, and the use of 3-D theaters is reaching saturation. When 3-D was still new, people showed interest and were willing to pay a premium for watching 3-D. Now, they have the choice to watch 3-D or 2-D, and now that the novelty is gone, people make a more rational calculation of potential benefits and extra costs. More specific, the chart pictures the fall of interest, showing that people no longer  have such a strong incentive to see 3-D when they have the chance to see 2-D (Engber, 2010).

6.2.2.3

Increase in 3-D theatres TC "6.2.2.3

Increase in 3-D theatres" \f C \l "4" 
There is another possible interpretation of the declining numbers. The number of 3-D theatres has been increased. More and more theatres converted to 3-D, thus the audience has more places to watch a 3-D movie, but less places to watch a 2-D movie. The audience  is thus spread out over multiple theatres and therefore each theatre has less profits. If we assume that attendance in 3-D cinema did not drop and interest in 3-D remained constant, than total revenue will be the same, but the earnings per 3-D theatre will be lower due to the increase of theatres. Consequently it can be said  that there is not enough demand to permit cinema’s to keep converting to 3-D. Supply is too high much compared to demand. The benefit of screening in 3-D is thus decreasing, the per-screen profit will largely decline when theatres keep on converting to 3-D (Engber, 2010). This seems to be quite a problem because producers like James Cameron are still pleading for more 3-D screens in theatres (Website Thompson K. and Bordwell D., 15/05/2011).

6.2.2.4

Poor quality TC "6.2.2.4

Poor quality" \f C \l "4" 
Moreover, poorly executed films could ruin the reputation of 3-D and mislead the viewers on the quality of 3-D movies (Website TheWrap.com, 15/05/2011). The quality of films that were transformed from 2-D into 3-D by means of computer systems, is very low. An example of such a movie is The Clash of the Titans (Engber, 2010).

6.2.2.5

3-D has not been seen as a new genre TC "6.2.2.5

3-D has not been seen as a new genre" \f C \l "4" 
Finally, it is remarkable that 3-D screenings that have ‘3-D’ in their title make a significantly higher profit. Engber (2010) included only three of these in his sample: My Bloody Valentine 3-D, Step Up 3-D, and Piranha 3-D. The extra earnings they became with 3-D are respectively: 481 percent, 41 percent and 131 percent. It seems to make perfect sense. Fewer people would go to the cinema to see a movie called Step Up 3-D in 2-D. This implicates that 3-D is considered as a genre by the audience. The downward trend will probably continue, but Hollywood can regulate the 3-D to a genre and manipulate the earnings that way (Zone, 2007; Lipton, 1982; Engber, 2010).
History showed that 3-D would be more succesfull if it were treated as a new genre. If they do not want the audience to be saturated, it would probably be better to make a limited amount of 3-D films (Daniel Engber, 2010). Maybe this will be the start of a new age of independent cinema, which is specialized in 3-D. 

6.2.2.6

Arguments in literature TC "6.2.2.6

Arguments in literature" \f C \l "4" 
There are also arguments in literature that claim that 3-D is not popular with the audience. Botella et al. (2008) researched this matter. Botella et al. (2008) created a study to investigate how 3-D affects the sense of presence and the intensity of the positive mood that users feel in virtual environments.

The study starts with two assumed hypotheses:

“(a) The sense of presence reported by participants will be greater in the stereoscopic presentation than in the non-stereoscopic presentation.

(b) stereoscopy will not influence the intensity of mood induction in a Virtual Environment, and, therefore, mood changes will not be greater in the stereoscopic presentation than in the non-stereoscopic presentation.”

The results show that there was no difference between looking at a 3-D film or at  non 3-D films, for both presence and mood measures, thus a context of virtual environment stereoscopy does not add a stronger feeling of presence or have an influence on your emotions. (Botella et al., 2008)

On the other hand, the company Nielsen did a different study, in collaboration with the Cable & Telecommunications Association for Marketers (CTAM) and CBS Vision, about the 3-D viewing experience of US customers when they watch 3-D television. Strangely, they found very different results. In this study, 425 participants from random places in the US were exposed to 30 minutes of both 2-DTV and 3-DTV, in a theatre-lab environment. The results were very different from the Botella et al. (2008) study. After watching, 60 percent of the participants agreed that the 3-D experience was better than the 2-D experience. Nearly half (48%) found it engaging and it made them feel like they were part of the action (57%) and closer to the characters (48%) (Website Nielsen company, 1/04/2011).

Comparing the two studies, it can be seen that the audience of the second study finds that stereoscoping does indeed addan extra value to 3-D, because many felt like they were part of the action and closer to the characters. The second study also discovered that stereoscopy has an influence on the emotions of the viewers, since many people found it engaging. The two studies thus give completely opposite results.

The first study of Botella et al. (2008) was done in a virtual laboratory, therefore the assumption can not be made that the results are the same for stereoscopy in film or television, although the viewer experience is not that different. On the other hand, this study is very academical, clear and well structured, which can not be said about the study of the Nielsen company. The Nielsen company interviewed people, but they did not reach their conclusions with a statistical statement, nor did they provide a good insight into their research methods. Therefore, the Botella et al. (2008) study is considered to be more accurate in this thesis.
6.2.2.7

Unsolved problems of the past TC "6.2.2.7

Unsolved problems of the past" \f C \l "4" 
As is stated before, problems that ledto the fall of 3-D in 1953, are still unsolved today. 3-D cinema is still strugling with low quality, the inconveinience of 3-D glasses and problems of depth perception.

6.3

Return on investment TC "6.3

Return on investment" \f C \l "2" 
Figure 11 shows the return on investment of all films released from 2000 to 2010, being the ratio of the amount earned worldwide on a certain film on the amount spent in production of all films released from 2000 to 2010. It can be seen that returns to investment have actually remained constant for all 3-D films, while this is not the case for 2-D films. This indicates that 3-D films are more predictable than 2-D films.Due to their big budgets, 3-D films always reach about the same return on investment, making them less risky, and more desirable (Helmer, 2011).

Figure 11 : Worldwide ROI over time by Dimension, (Helmer, 2011).
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6.4

Chapter conclusion TC "6.4

Chapter conclusion" \f C \l "2" 
In the previous chapter, it was discovered that the worldwide box office return on 3-D cinema is steadily increasing. More and more tickets are sold for 3-D shows. However, in this chapter the underlying processes were examined. The more cinema’s are converting to 3-D, the less rooms are available for 2-D shows. Even when the sales of 3-D increase, it became clear that the popularity of 3-D cinema is declining. This was discovered by looking at the turnover of 3-D versus 2-D.

Further, the return on investment shows that, due to big budgets, 3-D films always reach about the same return on investment, making them less risky. This is desirable for cinema’s. Additionally, a premium is asked for watching a 3-D show. If all investments are payed, this premium should disappear. It is of course the question whether this will be the case. The possibility exists that cinema’s are trying to push a new product onto society, aiming for a  total acceptance, but leaving customers no choice but to adapt to this growing market or stop going to cinema.

Chapter 7:

3-D extra’s TC "Chapter 7:

3-D extra’s" \f C \l "1"  

In this chapter, more information on 3-D cinema will be given that can help to forecast its future. More specific information will be given on: the added value of 3-D, 3-D television and health problems due to 3-D.

7.1

The added value of 3-D TC "7.1

The added value of 3-D" \f C \l "2" 
An interview with a 3-D expert, Mr. Peter Plas, who is the founder of YVC Young Visual Collective, and specializes in the 3-D experience, provided some extra information on why 3-D might have an extra value, this can be found in appendix III. It becomes clear that making a 3-D film requires specific knowledge implemented in unformal rules. General excepted guidelines do net exist yet. This is also a consequence of the lower quality of 3-D films.  Mr Plas showed some concrete problems during a 3-D workshop. Participants were able to experience the specific difficulties of making an 3-D film.
7.2

3-D television: a succes? TC "7.2

3-D television: a succes?" \f C \l "2" 
In appendix IV some information will be given about 3-D television, because since there is increasing market for 3-D televisions, not only 3-D in cinema is important. A better view on the 3-D television market can help to make a prognosis on the future of 3-D. The study showed that 3-D television will possibly know an increasing succes in future, except when producers of 3-D films keep on refusing to release their films on 3-D blue ray, to make it possible to see 3-D films on 3-D television.

7.3

Health study TC "7.3

Health study" \f C \l "2"  

A member of Xpand 3-D, the world leader in active shutter 3-D glasses, explained on youtube (5/03/2011) that, in the fifties, only dual projectors were used which both had to be set up in line perfectly, and if not, the images were disfigured in such a way that can make the viewer sick. This is a problem of the past. With the new modern techniques, one single projector is used, which avoids this problem. However, some further research led to the finding of some striking information which indicates that there are still several health problems caused by 3-D.

About fifteen years ago, Sega, a game manufacturer, wanted to provide gamers with a virtual reality 3-D environment. This game console was almost ready for the market, until Sega had the product tested by a third party laboratory, the Stanford Research Institute (SRI) at Palo Alto California, to uncover health risks concerning 3-D. The company found that watching 3-D can cause serious health problems for developing children, and perhaps to adults as well. Stereoscoping can prevent children’s visibility from developing properly and will eventually cause Strabismus
 and Amblyopia
. After receiving this information, Sega wanted to burry the test results. Fearing lawsuits, the company eventually decided to reject the new 3-D game console it was developing. Only recently has the truth about the negative consequences of 3-D been published (Robson, 2010). 

In 1960, the Nobel Prize-winning work of Hubel and Wiesel discovered the sensitive period of seven years, in which children develop depth vision because the muscles and nerves behind the eye, are at this age fully formed and interact fully with the brain. According to the work of Hubel and Wiesel there is no possible treatment of Amblyopia after the age of seven. This is because the eyes are fully developed at that age, which means that 3-D can cause a permanent deviation to the eyes of children under the age of seven. (Barret et al., 2004; Robson, 2010).
Nintendo comfirmed this when introducing their latest handheld console: the Nintendo 3-DS. The company warns that their 3-D console is not intended for children under the age of 7. Nintendo said: "We will recommend that very young children do not look at 3-D images. That is because their eye muscles are not fully formed. This is the same message that the industry is putting out with 3-D movies, so it is a standard protocol.” (Totilo, 2010)
However, recent medical science discovered there is still a small chance to recover from Amblyopia after the age of seven (Barret et al., 2004; Robson W, 2010). The optic nerves might be able to correct vision after the age of seven, meaning that there is a chance to recover from Amblyopia caused by 3-D exposure. However, this also means that virtual 3-D perception after the age of seven has a chance of creating visual problems, and thus even adults are therefore not completely safe from 3-D related health issues (Robson, 2010).

Further on, an unclassified document from the defense department of Australia notes that since the early 1990s, reports have appeared documenting problems of 3-D virtual environments. The defence department did research on 3-D image in cinema, since they used similar systems for their flight simularors. One of these problems is cybersickness
. This sickness is caused by blur image that appears when giving a 3-D illusion, because the eyes must constantly adapt to this image. Moreover, the document refers to studies that discovered that short-term exposure to 3-D images produces changes in heterophoria
, exophoria
 and esophoria
 and can worsen visual acuity. These studies also report symptoms such as blurred vision, headaches, eyestrain and momentary diplopia
 (Judy Barrett 2004).

It should be noted that the actual time spent in a 3-D virtual environment was short (10 to 20 minutes) in these studies. Whether longer exposure produces larger or different problems is still unknown. (Kennedy et al., 2000; Barrett, 2004).

Telenet announced that it will perform some research in association with the KULeuven, on problems that might be caused by 3-D television (Van Leemputten, 2010). This is similar to the research that Sega did fifteen years ago. The results of this new investigation will probably be the same as those that were obtained by the SRI. It is for this reason remarkable that Telenet wishes to redo the initial tests. One may expect that the new 3-D technology will only be commercialized once safety can be guaranteed, which sends a positive signal to the markets. This new research is sponsored by Telenet, which makes it biased. A sponsored study loses validity, and limits the applicability and generalizability of the study, because there might be profit motives which can lead to distortions in the choice of what evidence should be published and how that evidence should be interpreted (Van Leemputten, 2010).

On the website of Samsung (5/03/2011), there was a warning for viewing 3-D television. It stated that: “We do not recommend watching 3-D if you are in bad physical condition, need sleep or have been drinking alcohol.”; This is because people that are under the influence of alcohol, are in a bad physical condition or have sleep shortages, lose some of the eye-muscle control, which makes them more sensitive to motion sickness, perceptual after effects, disorientation, eye strain, and decreased postural stability when watching a 3-D movie or TV.

The monthly magazine for sciences, EOS, interviewed Jelte Bos, professor in ‘vestibular motion and attitude perception’ of the university of Amsterdam. Mr. Bos explained that twenty percent of the visitors of a 3-D movie complain about headaches and eye fatigue. Stabilitytests prove, that after watching a 3-D film, people have less control over their eye muscles and score less on viewing tests. After watching a 3-D film, people have the same sight as people with more than 0,5 promille alcohol in their blood. Even the ‘walking the white line’ test is more difficult for people who watched a 3-D film. The reduced stability is a consequence of confusion in the central nerve system. The seriousness of the symptoms is influenced by the duration of the exposure and the size of the screen. In Europe, only the Italians warn for the negative health consequences of 3-D. Governments of other countries have chosen to leave this responsibility to the industry (Verheaghe, 2011).

General Conclusion TC "General Conclusion" \f C \l "1"  

In this thesis, the innovativeness of 3-D cinema as a technological science based product and the evolution, has been throughly examined. Upcoming movies are more and more three-dimensional. 3-D cinema has been promoted as a new breakthrough technology of the last decade. This is clear as many cinema’s are converting their theatres rooms to stereo. Nowadays, theatre rooms in cinemas are provided with the technical aspects needed to show 3-D movies. The pressure to convert to stereo comes from the producers of films, who claim that it will become the future for cinema. However, capacity in theatres is limited, and 2-D theatre rooms are being replaced for rooms that show 3-D films. Consequently, fewer facilities are provided for people who want to watch 2-D movies, and these people will not always have the possibility to watch in 2-D and are forced to watch the film in 3-D.

A first research question was “What is the evolution of 3-D”. A study about the history of 3-D revealed five stages in the evolution of 3-D: the birth, the first boom, the rebirth, the revival and  the second boom. Research showed that the origins of 3-D started approximately 50 years ago and the first application of 3-D cinema was in 1899 It is therefore strange that 3-D cinema has recently been promoted as a new technology when studies shows it has existed for a long time. 
During the birth of 3-D cinema 50 years ago, three main methods were invented to show 3-D movies: the anaglyph method, the eclipse shutter method and the polarization method. 3-D cinema was introduced in the market as a result of strong competition in the entertainment business: due to the growing popularity of television, a new breakthrough in cinema, like 3-D technology, was necessary to face this competition and attract more people to the cinemas. Another research questions was: “why do cinema’s introduce 3-D films?” The answer to this question was found in the history study. Nowadays, the reason for the re-introduction of 3-D is the same: competition. This time the competition comes from games, iTunes, illegal downloads and TV.

The first boom of 3-D cinema was in 1952. The reason why customers disliked the new technology was low quality. This lack of quality had many causes: first of all, to watch 3-D, it was necessary to wear 3-D glasses, this was seen as very inconvenient. Secondly, the technical equipment was not able to synchronize images perfectly to the left and the right eye, and this led to eye irritations. Third, there were limited financial resources, and a general lack of experience with. Fourth, many producers lost their interest in 3-D. Finally, there was a lot of competition from other new breakthrough technologies, such as Cinemascope, designed for shooting wide screen films. Thereby, 8% of the population can not see depth in cinema, which is a relative big number. Further, it is claimed that 3-D might have been more successful if it had been treated as a new genre. 

The 3-D first boom thus crashed due to several reasons. However, since the new introduction of 3-D no solutions have been found that solves these problems. Especially the problem of low quality is still unsolved. Today, the same methods as in the first boom are used: the anaglyph method, the eclipse shutter method and the polarization method. It is interesting to ask oneself why 3-D is recently been promoted as a new technology when it has existed for a long time and none of the methods have changed since then. Thanks to these methods, the quality of 3-D movies is still lower than that of normal movies. However, digitalization improved the brightness of images of 3-D films and 2-D films.

It is thus a strange phenomenon that 3-D is re-introduced considering the problems it faced in the past. The possibility that cinema’s needed a new breakthrough to increase attendance in cinema is not enough to explain this, especially as the pressure to adopt 3-D  is coming from the producers, and not from the cinema’s.

This thesis looked for an explanation for the  re-introduction of 3-D cinema. It is not unthinkable that the evolution of 3-D cinema is the result of an underlying process. Striking was the double boom that characterized the evolution of 3-D cinema, which was discovered  in the history study. 

According to Schmoch (2007), the implementation of science based technology is often characterized by a double-boom cycle, containing a first boom with science push and a second boom with market pull. The double boom theory contributes to the implicit adoption of a linear structure of technological development, which suggest that technological develpement follows an orderly path. According to his theory, a double boom trend is visible through patenting. Publications and sales follow a certain pattern as well, according to this theory.  Two patent booms take place, the lag between the two patent booms is  15 years or longer. Publication activity starts several years before patenting and stays at the same level, until just before the second patent boom, when it increases. However, sales do not reach a substantial level until the beginning of the second patenting boom, after that they steadily increase.

This thesis compared the double boom theory to the evolution of 3-D cinema, by looking at three main aspects described in the double boom theory: patents, publications and sales. The double boom theory could possibly explain the strange findings described above that were found in the evolution of 3-D cinema. Two patent booms were recognizable, namely from 1922-1953 and 1992-2006. Publications also follow the described pattern. Publications start several years before patents in 1920 and stay on a certain level, until just before the second patent boom in 1983, when they increase. Only one interruption in 1953, where a sudden increase in publications is visible, can not be explained.
Sales indicate that 3-D cinema was not popular until the beginning of the second boom in 2005. Research showed that the 3-D box-office steadily began to  increase at the beginning of the second patenting boom in 2005. All these findings prove that sales of 3-D cinema follow the pattern of the double boom theory. A Third research question is here answered: “Are there recognisable patterns of cause and effect in the 3-D evolution?”
This thesis had a closer look to the underlying processes. However, 3-D technology is different in the sense - that substitutes another technology, namely 2-D cinema. Cinemas  have started to convert to stereo; existing theatre rooms where normally 2-D films are shown, are now being rebuilt to 3-D theatre rooms, thus 3-D cinema is beginning to replace 2-D cinema in a way. Therefore, it is very normal that the share of earning out of 3-D movies compared to earnings of all movies is beginning to increase, because more films are opening in 3-D theatres. The  revenues of 3-D screening, relative to 2-D screenings is decreasing. This suggests that 3-D cinema is losing popularity. This gives an explaination on the research question: “s 3-D really accepted by the audience, or is the increase in attendance for 3-D movies the result of  lack of alternatives?” This is of course only when we assume that the converting to stereo keeps going on until all theatre rooms are made available for 3-D. However, it is perfectly possible that producers recognise the decreasing popluarity of 3-D cinema and let the trend of 3-D cinema fade away.
It is therefore difficult to answer the research question: “Will 3-D technology become cinema’s future?” A perfect answer can not be given, only different scenarios can be created with the information that was found in this thesis. It is for example impossible to predict how the film industry will react to the decreasing popularity, since the sales of 3-D cinema are increasing. It depends on the types of clients whether attendance in overall cinema will keep on decreasing and if 3-D films become the standard. The study on health issues discovered that watching 3-D cinema for many hours is not good for the eyes. This will probably not have a big impact on 3-D cinema, but it might impact 3-D games and television, as more time is spent watching these mediums. All these open questions will not be not further examined in this thesis, however it can be material for further studies.
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The birth of 3-D
This section will explain what methods were invented to make 3-D cinema during the birth of 3-D. A distinction will be made between the general invention of stereoscopy, and the actual application of 3-D cinema. During the birth of 3-D cinema three different systems were used to make and show 3-D films: the anaglyph method, the eclipse shutter method and the polarization method. All of these will be examined in further detail. Other methods were also invented, but could never be commercialized.
Invention of 3-D in general

The origins of 3-D will first be explained, as this provides a broader perspective of the evolution of 3-D. The difference between 3-D images and 2-D images is not as big as one may initially think. Any technique used to create an illusion of depth in an image by presenting different views to the left and the right eye is called stereoscopy. The term can be used in a very broad context and not only in three-dimensional cinema.

Stereoscopy was discovered by Sir Charles Wheatstone. The publication of the invention of his stereoscope, which is the instrument to create a three-dimensional effect, was already in 1833, it was published in the third edition of Herbert Mayo’s Outlines of human psychology. Basically, two dissimilar pictures formed by the left and the right eye, form a union picture seen by both eyes, which produces depth (Brewster, 1856). Weatstone’s stereoscope worked with the same principle 
 (Zone, 2007; Lipton, 1982; Lipton, 2007).

During a period of rapid technological change and the invention of photography, Sir Charles Wheatstone had an scientific rival, named David Brewster. This man improved the concept of the stereoscope in 1856 by showing dissimilar pictures to both eyes, which was far more compact and easy to use. He gave the Queen an instrument as a gift and contacted the press about this. Shortly after this, his stereoscopes became very popular (Zone, 2007; Lipton, 1982). However, its popularity reached its peak and people quickly began to lose interest in the medium, probably because only one person at a time could look through the stereoscope.

The invention of Brewster peaked again when applications such as the View-Master
 (1940) and the Stereo Realist Camera
 (1949) were invented, about a century later. (Zone R., 2007)

In 1855, Helmholtz and Czermak were the first to describe stereo images that moved. Instead of still pictures, Czermak inserted rotating disks in the stereoscope. This invention was called the stereophoroscope. In 1861, Coleman Seller’s invented the Kinematoscope, which is slightly different, but also uses rotating discs aimed to present the illusion of motion and depth. Still pictures were visible within a cabinet, Coleman Seller used a paddle-wheel arrangement of stereopairs made up of still photographs, which created a three-dimensional effect when viewed through a stereoscope (Zone, 2007; Lipton, 1982).
Invention of 3-D cinema

Remarkably, the invention of 3-D cinema coincided with the invention of normal cinema. Edinson was the first to invent the motion picture camera of 70mm for normal cinema in October 1889. In the same year, the first 3-D motion picture camera was invented and patented by the British photographic pioneer William Friese-Greene.
 This was the first great breakthrough for both 3-D films and for normal cinema (Zone, 2007; Lipton, 1982; Lipton, 2007; Thompson & Bordwell, 2009).

In 1895, The brothers Lumière invented normal motion pictures that could be shown to a large audience. The first film they made was L’Arrivée du Train (Zone, 2007). 

The 3-D techniques that were invented during the birth period will be described below. 3-D movies were made by means of these methods and projected in a theatre room by means of a dual band
 and a single projector.
Anaglyph method

The initial commercial application of 3-D cinema was when the first 3-D film, The power of love, was played for an audience in Los Angeles in September 27, 1922. The film was made using the anaglyph method, which was the earliest method of presenting theatrical 3-D. It was easy to use and did not required specialized hardware. The first basics of this method were invented by D’Almeida in 1858 for viewing stereo slides (Zone, 2007; Lipton, 1982; Thompson & Bordwell, 2009).

The anaglyph method uses complementary-colored filters, mostly red and green. Images of the left and right eyes are projected together as a single image; one side through a red filter and the other side through a contrasting color filter, usually green. This creates a 3-D experience. However, anaglyph glasses are needed to watch the show (Lipton, 1982).

Regrettably, this method resulted in eyestrain; pain and fatigue of the eyes, often accompanied by headache, for many people. Nevertheless, the anaglyph system is still used today, as will be shown later in this study (Lipton, 1982; Thompson & Bordwell, 2009).

Eclipse shutter method

During the same period in 1858, a second method was introduced by Laurens Hammond: the eclipsing shutter method. This method uses active shutter glasses. The projector send an infrared signal to the screen, which tells the viewer (a device that enables the 3-D cinema) attached to theatre seats when to open the shutter and when to close it. The shutter is completely locked or completely open, in synchronization with the images on the screen. 

Unfortunately, the eclipse shutter method was not able to present left and right images to the corresponding eye simultaneously, which was a disaster for any stereoscopic motion system. The system worked perfectly for slide presentations but not for moving pictures. Consequently, the eclipse shutter system has not been used for commercial purposes since that time (Lipton, 1982; Thompson & Bordwell, 2009).
Other methods
William Van Doren Kelly attempted to create a stereo camera system of his own design in 1922; he was an early producer of 3-D color movies, using Prism). However, he was unable to find buyers for his product (Zone, 2007; Lipton, 1982).

In 1922, the Teleview system was invented by Laurens Hammond. It made use of two interlocked projectors, alternating left and right frames. Viewers were attached to the theater seats and were needed to be able to watch the 3-D technology. However, only one theater in New York installed the Teleview system  (Zone, 2007; Lipton, 1982).

Frederic Eugene Ives and Jacob Leventhal began launching stereoscopic films nationally in American cinema that made use of a red/blue anaglyph format (Lipton, 1982).

The period between the late 1920s to early 1930s, was characterized by little to no interest in stereoscopic pictures, largely due to the Great Depression. In 1933, one of the brothers Lumière, who invented motion pictures, remade his film L’Arrivé du train with a stereoscopic camera (Zone, 2007; Lipton, 1982; Lipton, 2007).

In 1936, Leventhal, the inventor of an alternative anaglyph system, was hired to the company MGM, which successfully distributed more anaglyphic motion picture shorts, for example: Third-Dimensional murder. Many of these films were printed in color systems to achieve an anaglyph effect, but none of these were actually shown in anything other than black and white (Hall, 2004).
Polarization method

In 1852, William Bird Herapath provided a solution for the difficulties in viewing bright light, by making use of polarizing light. He commercialized his idea and created Polaroid filters that could be used for stereo films. Sheet polarizers are essentially neutral in color, and are very inexpensive compared to the alternatives. John Anderton patented the first basics of polarization in three countries: in England (July 7, 1891), in France (oct.8, 1892) and in the US (july 9th, 1895) (Hummel, 2009). In 1929, a student of Herapath produced crystals by accident, which were useful for polarization as well. However, compared with sheet polarizers, this method was inconvenient, costly and had optical limitations. In 1936, Edwin Land was the first to commercialize the polarization method that used thin sheet material. In 1939, Italy and Germany were the first countries to exhibit polaroid filters when producing stereo films (Lipton, 1982; Lipton, 2007).

In 1939, John A. Norling produced a stereoscopic animation film by means of the polarized-light method, by making use of a double band system. His production more or less established the system that would be engaged commercially for many years to come. This system had a better color fidelity and was brighter than the anaglyph system (Zone, 2007; Lipton, 1982; Lipton, 2007; Thompson & Bordwell, 2009).

The 1940s were hindered by World War II, and producers were less concerned for stereoscopic photography. In 1951 Raymond Spottiswoode made the polarized-light method popular when he made two animation films (Zone, 2007; Lipton, 2007).

Methods recently used
Eclipse shutter method
The eclipse shutter method has not changed technically since the first boom, only the equipment that controls it changed. A 3-D projector will project two HD
 images on a screen. Active shutter glasses (also called liquid crystal shutter glasses) can be used to watch these images, and since they have to deliver a different image to each eye, they are powered with batteries or a power adapter. The lenses of active glasses are actually small flickering LCD screens. When voltage is applied, the shutters closes and the lens goes dark, otherwise they are transparent. The equipment will switch in synchronization with the projector and is controlled by infrared light, radio frequency, DLP or Bluethooth. By constantly rapidly varying between dark and transparent views, the glasses only give each eye the image intended for it, which creates a 3-D effect. The shutters switch between the eyes with a speed of 144 strains per second; this is very fast when you compare it to the 24 frames per second that a normal movie shows (hardware TV broadcast 2010, 1/04/2011).

During the first boom, the eclipse shutter method was barely used as it was not able to present left and right images to the corresponding eye simultaneously. Nowadays, the quality of the eclipse shutter method has improved, but this method is barely used by cinemas, since they the batteries in the glasses need to be recharged regularly. Further, the price of active glasses that are needed to watch the show, is significantly higher than that of other 3-D glasses. They usually cost over 100 euro’s for a pair of glasses. Active glasses are therefore expensive and a rather significant investment for cinema’s. Therefore cinema’s usually prefer other, less expensive, alternatives (hardware TV broadcast 2010, 1/04/2011).

Polarization method

The polarization method also has not changed technically since the first boom, only the controlling equipment has been adapted and more scientific methods can be used to become a polarized device. Passive glasses are glasses needed to see the show, and they are not in need of a battery to empower them. Passive glasses are polarized, so that each eye sees another line of resolution, which creates a 3-D illusion: the left eye sees only horizontal polarized light (even picture line) and the right eye sees only vertical polarized light (uneven picture line). A prism in front of a cinema screen makes sure that even images come to your left eye and uneven images to your right eye. Consequently, a disadvantage of this technique is that the resolution in 3-D is halved, as the right and the left eye see only half of the images. On the other hand, compared to the eclipse shutter method, the image does not flicker, which makes it less exhausting for the eyes to watch. Thereby, the passive glasses are much cheaper than the active glasses (hardware tv 2010, 1/04/2011).

A typical issue with passive glasses is the so-called ghosting problem.. This problem is characterized by the occurance of unwanted reflections. It is caused by a mismatch of electrical loads along the communication channel, or caused by radio frequency waves that take paths of different lengths to reach the receiver, due to reflections from buildings, clouds, etc. However, ghosting problems are specific to analog transmission, and digital transmission avoids the problem. Later on, more information on digitalization will be given (hardware tv 2010, 1/04/2011).

As was said before, there are more scientific methods these days, that can be used to become a polarized device There are two main polarized methods, which will be described below. Both methods are used in cinema’s.

1. A first method is normal linearly polarization. Two images are projected together onto the same screen through orthogonal polarizing filters. Polarization can be protected by using a silver screen. The viewer is handed orthogonal passive polarized glasses. The technique works the same as described above. There is a disadvantage in the sense that the viewer is required to keep his head level, as tilting the head make the images of the right and left channels mix (Website stereoscopy.co.tv, 1/05/2011).

2. A second method is called circularly polarization. Two images are projected together onto the same screen through circular polarizing filters. The viewer is handed circularly passive polarized glasses. The technique works the same as described above. The result is similar to that of 3-D cinema using linearly polarized glasses, except that the viewer can tilt his/her head without experience any problems. This system is used in RealD cinema. (Website stereoscopy.co.tv, 1/05/2011)

Anaglyph method

The anaglyph method is one of the oldest and most-known and uses complementary colored filters for each eye, mostly red and cyan. Images for the left and right eyes are projected together as a single image, one side through a red filter and the other side through the contrasting color filter. The red filter admits only red, while the cyan filter blocks red, passing blue and green. The anaglyph method is less a expensive method for watching 3-D in cinema’s. Anaglyph glasses are needed to watch the show. ColorCode 3-D is a patented anaglyph method, using amber and blue filters (Website stereoscopy.co.tv, 1/05/2011).

As was said before, there are more scientific methods that can be used to become anaglyphic. There are five main anaglyph methods. We will give a short description.

1. A first method, called super-anaglyph, uses infetec glasses. Filters divide the visible color spectrum into six narrow bands – two bands in the red region, two bands in the green region, and two bands in the blue region. One band is used for the left eye, one band is used for the right eye. It creates a full-color 3-D experience. This method is also called interferece filter technology. This system is among others used in Dolby 3-D theatres and Kinepolis (Website stereoscopy.co.tv, 1/05/2011).

2. Inficolor 3-D is a patented anaglyph system, first demonstrated in 2007. It also works with traditional 2-D systems. When using glasses with complex color filters, it creates a 3-D experience. However, without the glasses, the viewer experiences a normal 2-D image, although some slightly double images can be noticed in the background. This system is used in Sony Playstation 3, Microsoft Xbox 360 (Website stereoscopy.co.tv, 1/05/2011).

3. The Chromadept method works with a prism that separates colors by varying degrees. One can watch these images problem-free without glasses in 2-D as well (Website stereoscopy.co.tv, 1/05/2011).

4. The Anachrome method is another recent variation of the anaglyph method. The 3-D effect is subtle and can also be seen as a 2-D image when taking off the glasses. This method can be used on websites, but not in cinema. (Website stereoscopy.co.tv, 1/05/2011).

5. Finally, the Pulfrich method is a last method that uses 3-D glasses. It starts by placing a filter, for example the darkened lens from a pair of sunglasses, over one eye. Consequently, an image, that moves from right to left, will appear to give a depth illusion, moving either toward or away from the viewer’s eyes. This illusion arises because the brain responds quicker to brighter objects than to dimmer ones bHowever, this method is not applicable in cinema’s, because it only depends on motions in a particular direction (Website stereoscopy.co.tv, 1/05/2011).

Autostereoscopic methods:

An autostereoscopic method is a method to show 3-D without the use of 3-D glasses. The reason why this method is rejected, is because the glasses are incapable of sending the correct images to the corresponding eye. To solve this problem, several solutions exist: 

1. A first method is head-tracking. A head-tracking method makes sure that at, all times, the tracker can yield the 3-D coordinates of the viewer's eyes the direction he/she is looking. The system ensures that each of the viewer's eyes receives the associated image. 

2. A second method sends multiple views so that the display does not need to know where the viewers' eyes are directed. 

3. A third method that can only be used on a computer or a small screen. It makes use of a wiggling object to create a 3-D illusion, it can easily be accomplished with an animated .gif image. 

4. A fourth method, that is, amongst others, used by the Nintendo 3-DS video game system, is also based on movement: it makes a view of an image change with movement of the head. Thus to see the 3-D image, the viewer must make movements. 
5. Finally, displays with filter arrays, is a technique that is, for example used by the X3-D company. It works with two transparent layers. The first layer is covered with black stripes of approximately one millimeter ten degrees to the left, the second layer is covered with black stripes ten degrees to the right. The two layers are put on top of each other and afterwards on a LCD screen. Depending on the viewer’s position different pixels are shown, which creates a 3-D effect (Website stereoscopy.co.tv, 1/05/2011; hardware TV broadcast 2010, 1/04/2011).

Unfortunately, none of these autostereoscopy methods are suitable to use in a cinema environment for technical reasons. Moreover, these methods are also very expensive (hardware TV broadcast 2010, 1/04/2011; Thompson K. and Bordwell D., 15/05/2011).
Computer
Nowadays, it is also possible to transform a normal 2-D film into a 3-D film, by means of computer systems. However, the quality of these kind of films is very low. An example of such a movie is The Clash of the Titans (Engber, 2010).

Digitalization

In the earlier parts of this thesis it was discovered that the fundamental technology behind the 3-D revival and boom has not changed since the early 1950s. However, digitalization was able to improve the quality of these technologies, and it replaces analog cinema which is of less quality. Digitalization can be used for both 2-D shows as well as 3-D shows and is only helpful in improving the quality of the images. However, during the boom about all 3-D theater rooms are digitalized. (Linssen, 1952; Hall, 2004; Engber, 2010). 
Digital cinema refers to the use of digital technology in cinema. The growth of digital screens is significant. Table III, shows the following data from 2003 until 2009, the European Audiovisual Observatory examined a record growth for digital screens in Europe, from 30 digital screens in 2003 to 4693 digital screens in 2009. Table III shows 4693 digital screens in Europe in 2009, being a 206,9% increase compared to 2008. 
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Market share for European films down

The dramatic increase in market share of primarily US 3D blockbusters over the past two years seems to have contributed to market share for Europear
films falling to the lowest level in the past five years. After steadily rising to 28.3% in 2008, the market share for European films in the EU decreased tc
26.8% in 2009 and 25.3% in 2010, according to provisional estimates by the European Audiovisual Observatory. Market share for US films on the othei
hand grew from 66.9% to an estimated 68.0%. This compares to levels ranging between 63% and 65% in the years 2006 to 2008. European films producec
in Europe with incoming US investment increased their market share from 4.0% to 5.4% thanks to the success of Harry Potter and the Deathly Hallows
Part 1 and Robin Hood. Led by local hit Les petits mouchoirs French fims once more attracted the largest number of admissions out of all European films
Backed by strong results in their home market, Italian films ranked second, taking 4.1%, followed by German productions which - thanks to Resident Evil.
Afteriife - accounted for 3.1% of total admissions in the EU.
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Table II: Digital cinema sites and screens in Europe 2003-2009, (The European Audiovisual Observatory, 2010).
In 2009, as many as 3904 digital screens can be found in Western Europe, compared to 790 digital screens in the rest of Europe. Eastern Europe does not have many digital screens, but the increase rate is higher than in Western Europe. (The European Audiovisual Observatory, 2010).
The European Audiovisual Observatory indicated that the average number of digital screens per cinema varies in European countries. Looking at table IV, it can be noticed that in December 2009 the highest average screens per site was recorded in Belgium (5.3 screens per cinema), Luxembourg (4.4 screens per cinema), Austria (4.2 screens per cinema), France (3.5 screens per cinema) and Portugal (3.4 screens per cinema). The leading markets, whom had the most digital screens in their countries in 2009 are; France (904 screens in country), United Kingdom (668 screens in county), Germany (592 screens in county), Italy (428 screens in county) and Spain (238 screens in county), follow at some distance. 

The top five cinema’s in Europe are: CGR (13,1 market share), Kinepolis (6,8% market share), Cineworld group (5,6% market share), Odeon & UCI Cinema Groups (4,8% market share) and finally Cineplexx (4,8% market share) (The European Adiovisual Observatory, 2010). 
In table IV it is also clear that in several countries in Central and Eastern Europe and the Mediterranean Rim, such as Cyprus, Croatia, Lithuania, Latvia, Malta, Serbia, Slovenia and Slovakia, 3-D screens represent almost 100% of total digital screens. Basically all screens have the ability to show 3-D films. In Western European countries, 3-D screens represent approximately 80% of total digital screens (The European Audiovisual Observatory, 2010).
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Table IV: Digital sites and screens in Europe by country 2003-2009, (The European Audiovisual Observatory, 2010).
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It is thus clear that most cinema’s use digitalization to improve the quality of the films to make sure that images are brighter. This digital technology can also be used for enhancing 3-D quality. The technological leap to install a digital 3-D theatre room instead of normal digital theatre room is not very large, and it is for that reason that most of the digital theatre rooms are now automatically adjusted to play 3-D. As all 3-D theatre rooms are digital, it is thus possible to make an distinction between analog cinema, digital cinema non 3-D and digital cinema 3-D. (Engber, 2010). Figure 12 below confirms this. 
Figure 12 : Worldwide digital and analog screens, (www. mpaa.org, 1/07/2011).
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Extra value of 3-D
Mr. Peter Plas, who is the founder of YVC Young Visual Collective discussed the difficulties of making 3-D cinema in a creative workshop, where people had the chance to experience it by making an amateur 3-D film. 

‘When 3-D technology is added in a film, the film experience changes’, said Mr. Plas. Most people will say that the added depth in the 3-D film is what makes the difference. However, one must be aware that ‘depth’ is not just a privilege of the stereoscopic viewing. Even more so, depth depends on binocular cues
, and on monoscopic cues.
 

In real life, our eyes can only pick up binocular depth cues between +- 30 centimetres and 15 metres of our body (Peter Plas, 3-D workshop; Zone, 2005) Beyond that distance, only monoscopic depth cues are picked up. In cinema on the other hand, the camera lies, because the distance from which you can experience binocular depth cues can be extended. The depth range depends on the distance between the two lenses of the camera’s used for recording stereographic images: 65 mm is the average distance between the eyes of an adult. If there is more distance between the lenses of a stereo camera, the distance from which you can experience binocular depth in cinema will also be longer, 3-D can therefore be seen as an optical illusion (Peter Plas, 3-D workshop).

The creative use of 3-D

Another characteristic of 3-D is that it can be split it up in two categories: the 3-D effects that seem to stay in the screen and the 3-D effects that appear in front of the screen. 3-D effects that stay in the screen, are experienced as rather ‘normal’ at first sight and not so different from the depth that you experience from a 2-D film. (Gunning, 1991; Peter Plas, 3-D workshop). This type of stereo can be experienced when looking at a 3-D anaglyph youtube movie with anaglyph glasses. The other 3-D effect, the one which appears in front of the screen, gives an almost magical effect, where objects seem to float into the theatre room. Both of these effects are used at simultaneously in most films. 

In the previous 3-D boom in the fifties, the ‘in front of the screen effect’ was mainly treated as a tool to realize the in-your-face effects. Nevertheless, these effects were mostly considered as cheap. Therefore, the ‘in front of the screen effect’ is limited when a viewer watches the 3-D on a regular theatre screen (Peter plas, 3-D workshop). 

On the other hand, there are also other creative possibilities that can be obtained by 3-D. An example of such a use can be found in the film Alice in Wonderland. When the main character enters the fantasy world, the flat 2-D images are changed in round 3-D images. Although this creative idea closely resembles the creative ideas used in the first colour films, like The Wizard of Oz, where colour was used in the same way. 
Further, letting things ‘appear’ in the cinema room can also be used to create a more personal effect. Here, Mr. Plas refers to the theory of Hall (1990), an atropologist, who explains that every human has his personal space. Entering this personal space will be experienced as threatening. Following this theory, Mr Plas claims that inserting 3-D film objects in the personal space of the viewer could have a psychological impact on this viewer, because images are not sent tho the whole audience, but to every individual seperately (with a slight difference depending on the seating) so that the viewer feels personally addressed. 

These days, there is still a lack of knowledge concerning the psychological impact of film objects placed in the personal space of the viewer, in a stereoscopic viewing. Although it is known that fast moving objects ‘attack’ the personal space of the different individuals of the audience psychologically, which will therefore be ideal to use in films to create scary or impressive effects. An example of this is, in the films Dial M for Murder, where a knife ‘attacks’ the viewer. On the other hand, slowly moving 3-D objects towards the personal space of the viewer can also have a psychological impact on the viewer. Mr. Plas believes that there are still many underexplored creative possibilities of using a viewer’s personal space.
Limitations of 3-D

In this part, the specific problems that occur when making a 3-D film will be explained. 

Window violation
3-D causes a problem called ‘window violation’
, which only occurs in 3-D films. The problem is that there is a limit to the intensity of the close-ups that can be achieved, as the stereoscopic effect of the face that can be seen up close will be smaller, because it is cut by the screen. This can be solved when films are presented in large IMAX screens, because the borders of these screens are not visible for the spectator. (Zone, 2005) However, some films are made to be shown on a large screen, but are not always presented in a large screen environment. This creates a lot of window violation problems. Further on, according to Mr. Plas, subtitles can create window violation as well. Stereographers try to solve this problem by making the subtitels float in the theatre room, but other threedimensional objects will touch the borders of these subtitels. As 3-D is only a visual illusion, the viewer will receive a disturbed depth perception (Peter plas, 3-D workshop; Zone, 2005).

At this moment, most movies break the ‘window violation’ rule, and many stereographers believe that people who see a lot of window violations, eventually get used to them and accept these violations as normal 3-D (Peter Plas, 3-D workshop; Zone, 2005). Of course, this is not the way 3-D should be applied, according to Mr. Plas. Stereographers should be more focused on the quality of films, instead of the earnings they can make with the film if they want 3-D to stay successful in the long run. 
Comfort zone in cinema

Another disadvantage of 3-D, is the location where you are seated in the theatre room. There are zones in which it is better to watch 3-D, where the viewer will perceive the most confortable 3-D effect. Other zones can be painful and uncomfortable for the brain and eye muscles, because the eyes must continously adapt while focusing on the screen (Peter Plas, 3-D workshop).

This information is confirmed by adding Figure 13 of the book of Mendiburu (2008), which shows the comfort zones in a theatre room.

Figure 13 : The stereoscopic confort zone, (Mendiburu, 2008).
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Nowadays, every person who buys a ticket in a theatre room pays the same price, while the quality of the seating differs.From an economical perspective, this is not optimal. Since some places in cinema deliver better quality when looking at a 3-D film, it is an economically interesting idea to charge people an extra fee for the best seats. 

Accepted guidelines

Further, Mr. Plas believes that 3-D gives the viewers a unique experience, and gives actors and cinematographers more room to play. However, some rules must be obeyed to make good 3-D films. These days, numerous 3-D productions breach many of these informal rules and statements of famous stereographers, who after all studied and made 3-D films for many years. The problem is that, at this moment, there are no generally accepted guidelines. The main reason for this is that 3-D is not yet thoroughly explored. Informal guidelines are, for example: being careful when adding close-ups, being aware of window violation and framing
 objects if necessary, using a slower rhythm by using long takes, taking care of depth continuity, respecting the screen size, being awared of the influence of 3-D on camera movement, etc. (Peter Plas, 3-D workshop; Zone, 2007).
3-D television: a success?
Not only 3-D in cinema is important, but there is increasing market for 3-D televisions. Shoppers can already find 3-D televisions on store shelves. With a 3-D television, it is perfectly possible to watch normal 2-D broadcasts, but the extra service that this television offers is, of course ,the possibility to watch 3-D broadcasts and 3-D movies. (consumentenbond preview 3-D TV, 1/05/2011; Onural & Haldun, 2008)

CES
 in 2010, showed prototypes of 3-D television from Sony and Panasonics, whom both use active-shutter glasses
. These were actually normal HDTV’s
 with an extra option for watching 3-D. This generated a buzz around the emerging technology. Samsung, LG, Toshiba and Vizio followed quickly with their prototypes in 2011, using passive glasses
 (Website CES, 1/05/2011).

Creating passive glasses is a more cost-intensive process, which is one of the reasons why the first 3-D models of Sony and Parasonics used active-shutter glasses. The newcomers used the less expensive alternative, namely passive glasses. Although the industry believes that a standard will emerge, there has never been a moment in history where numerous methods coexisted in the film industry. Whether active or passive will win this technological battle, will depend on the customer (Website CES, 1/05/2011).

3-D TV at home is still a brandnew idea, film industries have not yet succeed in convincing consumers that this is a must-have product. Today, out of the total of 24.7 million TV sets that are sold in the US, 3.2 million are 3-D capable TV sets, which is approximately 12.95% (Website CES, 1/05/2011).

On harware info tv, a television program about hardware, a broadcast of Koen Crijns and Frank Everaardt was documented. They spoke about 3-D TV’s in their documentary called: 2010 Intel Gulftown: Sony VAIO Z/ 3-D TV’s. IFA
 showed 3-D TV’s in 2010 , that are not in need of glasses when watching. However, this is not possible in cinema’s. The problem that occurs when removing the glasses, is the lack of an existing method that sends the right image to the right eye and the left image to the left eye, which is necessary to create an illusion of depth. In theory, a system such as the one described above is possible, but more research is needed to make this happen in real life. Every manufacturere present at IFA brought along a quickly put-together prototype, which they showed. But the 2010 CES showed prototypes that already had a type number, which means that some of them are already patented and almost ready for the market. To send 3-D images, a TV needs a HDMI 1.4 gateway. Therefore, a Blu-Ray or 3Ray player is needed. Further on, special glasses are needed to watch. (hardware TV broadcast 2010, 1/04/2011) 

The pressure to make 3-D movies comes from the producers of films, who claim that 3-D will become the future for cinema. Remarkable is that not many filmproducers are overly excited to release their films on 3-D blue ray. It is not yet known why there is such a lack of enthusiasm to make films ready to be watched on 3-D televisions. It is possible that the producers want to wait and see what happens, as rumours exist that especially 3-D television might be bad for the public’s health, this statement will be further explored in the next part. Only Disney announced that it will bring out animation films on 3-D Blu-Ray (hardware TV broadcast 2010, 1/04/2011).

3-D TV’s are already on the market. The Nielsen Company tried to find out what customers think of this new innovation and tried to discover whether consumers are willing to bring 3-DTV’s into their homes. The company did a survey in September 2010 with approximately 27,000 online consumers, across 53 countries. It made a distinction between AP, EU, MEAP, LA and NA countries
 The results are shown in Figure 14. It shows that 13 percent of respondents said they already own or ‘definitely will’ purchase a 3-DTV set in the next 12 months. An additional 15 percent of the global online consumers said they ‘probably will’ purchase a 3-DTV. Another important fact, is that 33 percent of repondents said they ‘will definitely not purchase’ a 3-DTV (Website Nielsen company, 1/04/2011).

Figure 14: Do you currently own or will purchase a 3-DTV in the next 12 months?, (Nielsen company, 2010).
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The interest and intent to purchase is higher amongst the younger consumers, those between the age of  21 to 34. Asia Pacific, Latin America and MEAP markets are more willing to buy 3-DTV’s. On the other hand, consumers in Europe and Latin America are not sure if they would buy one, while most people from North America will ‘defenitely not buy’ a 3-DTV. (Website Nielsen company, 1/04/2011) 

The company also questioned which types of programmes the content customers were most interested in watching. Take a look at Figure 15  ‘Sports’ seems to be the most popular. Movies are ranked on the fourth place. (Website Nielsen company, 1/04/2011)

Figure 15: Which type(s) of content are you most interested in seeing in 3-D?, (Nielsen company, 2010).
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� An incremental improvement is an improvement that is implemented on a continual basis (Lipton, 1982).


� Cinerama uses widescreen processes as a reaction to competition from television (Lipton, 1982).


� Strabismus is a medical term for multiple bad eye conditions: eye turns, crossed eyes, cross-eyed, wall-eyes, wandering eyes, deviating eye, etc. It is a condition in which the eyes turn when looking at an object (Robson, 2010).


� Amblyopia is commonly know as lazy-eye. It is an reducted vision not caused by a disease and not correctable by glasses or contact lenses (Robson, 2010). 


� Symptoms of cybersickness are: “stomach awareness, burping, salivation, drowsiness, nausea and occasionally even vomiting, as well as disorientation, dizziness, headaches, difficulty focussing, blurred vision and eyestrain.” It is consistent to the sickness resulting from the use of flight simulators (Robson, 2010).


� Heterophoria is a type of eye condition in which the directions that the eyes are pointing are not consistent with each other (Robson, 2010).


� Exophoria is a type of eye condition in which the directions that the eyes are turning outwards of the eye (Robson, 2010).


� Esophoria is a type of eye condition in which the directions that the eyes are turning inwards of the eye (Robson, 2010).


� Momentary diplopia is double vision of the eyes (Robson, 2010).


� Weathstones stereoscope was able to produce depth sense by taking two photographs of the same scene by a pair of cameras, mimicking the two human eyes which see everything at slightly different angles. One of these streams is shown to the left eye and the other to the right eye. The pictures were visible within a cabinet, and were not projected onto a screen (Lipton, 1982).


� The View-Master is a device for viewing 3-D images on a paper reel. These days it is considered as a classic toy. Several, now classic television series, were featured on View-Master discs, such as Star Trek, Jurassic Park, etc (Lipton, 1982). 


� The stereo Realist camera is a popular 3-D camera that started the era of stereo photography (Lipton, 1982).


� In William Friese-Greene’s patent, two films were projected side by side on screen. The viewer had to look through a stereoscope and converge the images, what created a threedimensional view. As a consequence, theatrical use was not practical as every person needed a single stereoscope (Lipton, 1982).


� A dual band provide two independent images (Lipton, 1982).


� HD is high definition, we refer here to a video system of higher resolution than standard resolution (hardware TV broadcast 2010, 1/04/2011).


� Binocular depth is a depth experience through input from both eyes. The two eyes view along two different lines of sight, the angle of inclination between those two lines give precise dept perception (Peter Plas, 3-D workshop).


� Monoscopic depth is a dept experience possible through one eye. These are visual depth cues a person receives from motion and experience. For example: the relative size of objects gives the impression these objects stand nearer or farther away; texture, colours, shadows, shape and position to the horizon can also give the impression of dept (Peter Plas, 3-D workshop).


.


� Window violation means that the viewer is confronted with the borders of the cinema screen. Objects that are projected in the theatre room will touch the left or right side of the cinema screen, or the top or the bottom. Because 3-D is only a visual illusion, the objects will only be partly presented inside the theatre. As they are cut by the limitations of the screen, this will take away the depth experience. The public has difficulties accepting this loss of perception and might get eye fatigue or a headache after watching the film. A window violation on the right or left side of the image bothers up to 30 to 40% of the public. A window violation on the top of the image bothers does actually not as many people, and a window ‘violation’ on the bottom side of the image bothers almost no-one (Hall, 2004). 





� Framing is a weak solution to solve window violation.  One need to trim the inner and outer borders of the screen, what gives the impression that the image is pushed further back into the screen (Hall, 2004).


� CES or Consumer Electronics Show is a show held each year in Januari in Las Vegas, which is not accesible to the public. It is used to announce new products that will soon be launched on the market (hardware TV broadcast 2010, 1/04/2011).


� See earlier


� A HDTV or High-definition television has a resolution considerablely higher than that of traditional televisions. It make use of video compression and is therefore digitally broadcasted (hardware TV broadcast 2010, 1/04/2011).


� See earlier


� IFA or Internationale Funkausstellung Berlin is an electronic show hold annualy in Berlin, which is open to the public. It is used to present the latest products (hardware TV broadcast 2010, 1/04/2011).


� AP: Asia Pacific; EU: Europe; MEAP: Middel East, Africa and Pakistan; LA: Latin america; NA: North America





