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ABSTRACT

The amount of information technology available today is greater then that of the past and continues to increase at an incredible rate as originally predicted by Moore’s Law.  Technology as a whole has greatly expanded our cognitive capabilities had has greatly changed human behavior.  Some argue that we as a society are consumed by technology.  Various societal and political factors, however, main constrain the effects of information technology on society.  
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The purpose of this paper is to explore the idea that information technologies have an impact at both an individual and societal level.  In addition, the factors that determine the level of influence allowed will be examined.  We will begin with a discussion of the phenomenon of technological advancement followed by discussion of technology as cognitive tools and potential societal effects of technology.  
Technological Progression and the Information Age

In this day and age it is no secret to anyone that technological capabilities are dramatically increasing everyday.  This continual ascent in technological resources and power are especially no surprise to those familiar with Moore’s Law.  Moore’s Law is based on the observation that the number of transistors per square inch on integrated circuits doubled every year since the integrated circuit was invented [2]. Moore accurately predicted a continuance in this trend for the foreseeable future. While the pace of the trend has slowed down a bit, data density has continued to double at an impressive rate (see Figure 1).  Advances in this area continue to provide us with increasingly powerful and mobile technology at an astonishing rate.  

Specifically, according to Dillman [6], the information age in which we live is characterized by large increases in all of the following:

· The speed by which communication may occur between one place and another;

· The amount of information that can be transmitted from one point to another;

· The fidelity (quality) of long distance telecommunications;

· Miniaturization of computer and communication technologies allowing their addition to other technological forms, even mobile ones;

· The capability to send as well as receive information from virtually any point on earth;

· The range of people and places with which we ma place ourselves in contact;

· The relative importance of telecommunicated transmissions compared to transactions requiring physical movement as determinants of people’s behavior;

· The ability to select from large data banks the precise information needed for making decisions;
· The rate of potential change in who interacts with whom for what purpose;

· The relative importance of information versus labor and energy in the production of goods and services; 

· The ability through artificial intelligence to conceptualize problems and possible solutions in ways beyond individual capabilities.

The above characteristics associated with information technology changes have greatly expanded the capability of humans to perceive the world, integrate information, and make decisions. In essence, information technology is a cognitive tool that has large effects on human behavior and society.
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Figure 1. Moore’s Law summary.
Information Technology as Cognitive Tools
According to Clark [3], cognitive tools and the human brain compliment one another.  The brain is bad at recalling and executing long, arbitrary lists of information.  On the other hand, the brain is good at pattern matching, associations simple in nature, and perceptual processing.  In addition, human thought is constrained in the sense that it is hard for us to imagine an entire final product in detail.  Cognitive tools allow us to create our vision one step at a time through continuous loops with the brain.  Those continuous loops allow for the influence of tools on the brain such that the tools introduce us to new symbols and add to our mental toolbox and the activity of our brains is “geared towards” and fine tuned towards our interactions with cognitive tools.

Essentially, technology provides us with tools (e.g. aids and props) that go beyond what our brain is good at and allow us to breakdown complex problems into components that the brain is good at dealing with to allow for “maximum problem-solving power.”  
The relationship between technology and our human processing capabilities as described above appears to exist regardless of the technology complexity.  Pen and paper, for example, have been very useful tools in the past and continue to be in the present. They allow us to access the mental tools that we have available.  For example, our short-term memory simply cannot store all of the information necessary to manipulate the information to solve a mathematics problem.  However, by writing the problem down and working through each operation, we are able to successfully solve the problem.  In this sense, the pen and paper exploited our available, but limited, cognitive resources.  
Another example of cognitive resource exploitation by technology involves the act of creating an electronic presentation.  According to Clark [3], we tend to attribute final products we have created to our own brains without even realizing the complex ways with which our brains interact with technology and how the end result is affected greatly by those interactions.  When compiling a presentation, we begin by placing notes and fragments onto paper or presentation slides and the technology allows us to arrange them into a coherent and flowing structure by making available and visible all pieces of information that we have collected.  In Clark’s words, “The tool itself provides means of encoding, storing, manipulating, and transforming data that the biological brain would find hard, time consuming, or even impossible.”

While the actual usage of tools has been around since the beginning of mankind, the exact tools of any given trade have changed dramatically with time.  In Ceruzzi’s essay entitled “Moore’s Law and Technological Determinism” [2] he compares a list of the software and hardware tools he once used on a daily basis as a teacher and historian to a current list.  Today, none of the items on the lists are the same.  He observes that information technologies have greatly changed the way research is conducted.  For example, rather than first going to a library and searching for a given publication, we first try searching for the publication on Google.  In addition, scholarly publication manuscripts are now submitted to editors via electronic means.

Information technologies have also greatly changed education.  Delwiche [4] describes how Everquest, a Massive Multiplayer Online Role-Playing Game (MMORPG) was used as a tool for learning in a college classroom.  Students bought a subscription to the game rather than a textbook and used it to learn, among other things, how to conduct an ethnographic study.  As a whole, MMORPGs have been very effective cognitive tools for those that play them by allowing them to learn the effects of different behaviors on the virtual societies in which they are played, teamwork, responsibilities of different individuals in different situations.  In addition, they can be a very effective social tool for people to connect with one another. 
Due to the copious amounts of technology that we are surrounded by and engage with everyday, many have questioned not only the effects of technology on individuals but also the effects of technology on society as a whole. 

Societal Change and Technology

The concept of technological determinism often arises during any discussion regarding technology and society.  Essentially it is the reductionistic stance that technology is the primary driving force shaping the history of a society.  While the exact definition of the term and the mechanism of execution have been the topic of great debate [1], the underlying idea is the same across all definitions – technology shapes history.  Reductionistic views such as this are often criticized as trying to isolate a single cause for a large and complex phenomenon, which in this case is the idea that technology is the primary cause of societal changes.  Technological determinism has also been criticized for reifying technology.  In other words, many things can be considered technology and many individual things can be used to stand for the whole of technology which may lead to over-generalizing the effects of technology.  Overall, some of the claims for broad societal changes caused by information technologies may be overstated. In many cases, social and political factors constrain the effects of information technologies on society and behavior.
In his essay entitled “Do Machines Make History?” Heilbroner [9] describes ways in which the sole effects of technology on a society are limited.  First, he contends that the attitudinal attributes and characteristics of a given society determine the allowed effects of technology.  He cites the Kalahari bushmen of New Guinea, Arabs, and the classical Chinese as having selectively developed expertise in some technical areas while choosing to be unlearned in other areas.  Further support of this idea is provided by Nolan and Lenski [10] who examined the subsistence technologies, overall ideologies, and structural attributes (e.g. community size and political composition) of preindustrial societies and found that ideology was an important intervening variable standing between technology and its effects on the society.  They concluded that “[ideology] appears to be an intervening variable whose importance increases greatly as the technological resources of societies increases.”  Further discussion about this issue is provided by Dillman [6] who examined the impact of technology in rural areas and noted that it is important for rural societies to adapt to the changes that will be brought by information technologies by possessing a willingness to learn new skills.  Information technologies eliminate a lot of geographical and physical barriers, but if people are unwilling to learn how to use these new technologies, no changes can really be brought to them.  In addition to inherent attitudes of individuals, societal pressure and attitudes may negatively influence individuals about their own feelings regarding technology.  For example, extensive video game play is acceptable in only certain subsets of modern cultures.  Some people view video games as an “uncool” thing to be spending time on.  Perhaps feeding into this attitude of some people is that fact that the games can be very addicting, and in the past have been known to cause more than a few divorces.  While an individual may have the desire to play video games with his or her time, familial or societal pressure surrounding them may keep them from doing so.  
Secondly, Heilbroner [9] argues that social policy dictates the direction that technology is allowed to take.  Social influences in the form of government support and popular appeal, for example, kept the production of interchangeable parts from taking off in England and France and being successful in America.  High labor costs and government support in America contributed to the advancement of the technology.  Guillen [8] examined this issue as it relates to internet use and concluded that “The growth of the Internet worldwide is driven not just by socioeconomic status, cost, or accessibility but also by regulatory, political, and sociological variables.”  Some of the political variables associated with increased internet usage identified included privatization and deregulation of telecommunications, more democratic freedoms, and more cosmopolitanism.
Lastly, Heilbroner [9] contends that technology advances depend largely on their compatibility with current social conditions.  Machinery designed to reduce labor needs, for example, may not be readily used and accepted in a society where abundant cheap labor is available and mass production machinery may be useful in a society which lacks a mass market.  
In line with the above discussion of social factors in constraining technology’s effects is the coined phrase “necessity is the mother of invention.”  In his very influential book, “Guns, Germs, and Steel”, Jared Diamond [5] provided several examples of how a society will only adopt new technology if the technology is needed and is compatible with the society’s values.  Some examples from the U.S. include the development of the atomic bomb in order to beat other nations, the invention of the cotton gin to replace handling cleaning of cotton, and the invention of the steam engine to solve water pumping problems.  He goes on to say, however, that in some instances the phrase should actually be “invention is the mother of necessity” because many things have been invented and then a use has been found for the technology by the inventor.  It is then up to consumers to experience the feeling of need for that particular technology before society as a whole adopts the new technology.  Examples include Thomas Edison’s phonograph and the motor vehicle which were not invented with one particular purpose and need in mind and took years to be adopted and make a significant impact.  Overall, government support and social acceptance of a new technology are influenced by the relative economic advantage associated with the new technology compared to the old, social value and prestige, compatibility with vested interests, and the ease with which the advantages of the new technology can be observed.  

In addition to the wants, needs, and political vies of a given society or community, cost of technology also plays a role in the dissemination and hence the influence of technology.  The cost of new technology is a primary determinant of ownership for many people.  The speed with which technology becomes “old” or “out of date” tends to exacerbate the digital divide as only certain people can afford to keep up with it [7].  For example, as mentioned earlier in this paper, MMORPGs have become very popular and powerful cognitive tools.  In order to play the games, however, players must first purchase the game for approximately $50 and continue to pay a monthly fee averaging $15 per month.  Additionally, often the graphics capabilities of the computer system used to play the games need to be near the high end of what is technologically available and affordable.  
Conclusion
Technology at all levels is a powerful force that extends human cognitive capabilities by providing us with tools that compliment and exploit our brain’s potential.  Technological advances have vastly impacted the world in which we live in today at both an individual and a societal level.  While technology alone has compellingly influenced our lives, various social and political factors have constrained the effects of technology in some regards.  It is important to note that technological influence is not autonomous in the sense that it is outside of human control.  Individuals and in particular, societies, can control and allow the influx of their own acceptable form of technology.
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