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Paradigms, Communities of Practice and the Social Construction of Technology
I want to use the reading on knowledge and learning to segue into a discussion of several important concepts in thinking about technology:  paradigms, communities of practice, social groups, and the social construction of technology.  These concepts can be helpful in thinking about how new technologies develop and why the development of new technologies is so often disruptive, with proponents of the old technology losing out.  A paradigm is a conceptual framework that shapes our thinking about a particular subject.  The term "paradigm" became a common term through the work of Thomas Kuhn, a physicist who was also a historian of science.  He wrote a famous book called The Structure of Scientific Revolutions, which examined how paradigms work within science.  Subsequently his insights have been carried over into many other areas.  
    Here is the basic concept.  Communities of practice operate according to paradigms, frameworks that shape what they do. For college students, there is the paradigm of what a college course is and how one studies for it. For college professors, there is a framework of teaching courses, interacting with colleagues, attending conferences, writing books and papers that structures what we do. For someone outside the community of practice, what happens inside the community can seem very foreign and odd. The intellectual content of disciplines is also shaped by these frameworks.  One important point about communities of practice and paradigms is that because knowledge resides in communities more than in individuals, and because groups hold onto paradigms, it is typically very hard to introduce a radical change into a community. Communities of practice will resist ideas that violate their frameworks. For example in the 15th century, astronomers held to the "geo-centric" paradigm that said that the sun rotated around the earth. As some astronomers gathered new data, which we would today see as obviously supporting the idea that the earth revolved around the sun rather than the other way around, most astronomers made those ideas fit into the old "geocentric" model. If two people are operating in different paradigms, they typically will see things differently and won't agree.  When two people or two communities are operating under different paradigms, their thinking is said to be incommensurable.  That is, there is no standard basis by which the two parties can communicate and compare their ideas.  Can you think of examples of paradigms? 

I want to introduce one other term "social group,"  which is a variation of the idea of community of practice or network of practice introduced by the reading.  A social group is a group of people who, in the area being discussed, share a common identity (they often perform the same function), and by and large see things the same way.  

Watch the excerpt from the 2011 movie The Artist (Link on landing page).  What are the paradigms involved?  How are they different?  Why might someone who is successful in the old paradigm have trouble transitioning to the new paradigm?  
 
Example: Mainframe Computers and Personal Computers
One example of paradigms, communities of practice, and social groups dates from the 1960s and 1970s and has to do with computers. The dominant paradigm of "computer" in that time was what was called a mainframe computer. It was a machine, usually made by IBM, that cost from $1-10 Million and took up the size of a classroom. It was used by very large organizations that had a large amounts of money and large amounts of data they needed processed. (Governments, banks, airlines, department stores, utilities, etc.) We can identify certain elements of the mainframe computer paradigm:
Cost was no object—These business had very demanding requirements, such as keeping track of airline reservations, hundreds of thousands of bank accounts, etc. and they were willing to pay whatever price was necessary to get this work done.
High Performance, Reliability and Service was crucial When a company paid that much money for a complicated piece of hardware and software, they wanted to be sure it would work. IBM understood this and put together legendary service teams who would be at a customer's office in a matter of hours to fix something that went wrong. Furthermore banks and other companies dealing with money wanted to be absolutely sure that the computers were reliable and wouldn't accidentally add $10,000,000 to some customers' account. What these companies basically said to IBM was, you take care of these things, and we won't bother you about nickels and dimes. As part of this implicit bargain, IBM built up an enormous infrastructure to support this system. They might have 50 people essentially employed to babysit a big customer and make sure it was satisfied. There was a saying in the industry "No one every got fired for buying IBM." The idea was that if you as a data processing manager tried to skimp and buy a computer that was cheaper, you might not get as good reliability or service, leaving you with a computer that didn't work. If you put up the money to buy IBM, you wouldn't face that risk. If you bought an IBM computer, and there were problems, you could say to your manager, "We bought the best there is." Why would you want to try to say a little bit of money and risk your company's and your future?
Controlled Change Obviously if you have a machine this big and complex, once you buy it you want to be able to keep it for a while. It is very expensive and its very disruptive to bring in a new one and get it up and running. So IBM had an implicit agreement with its customers that it would introduce new machines every 3-4 years.

From this discussion, what are some of the social groups involved with mainframe computers in the 1960s and 1970s?  
 
 
The Personal Computer In 1975, a small hobbyist company introduced the first personal computer that was almost the exact opposite of the mainframe computer. This was a small machine, about the size of a desktop computer chassis today, costing around $400. It was very low performance, very unreliable, and very cheap. Companies that used the mainframe computer were obviously not interested in something like this. Different social groups supported the personal computer and a different community of practice developed around it. The community of practice was largely hobbyists, people who just enjoyed playing around with personal computers. Initially there wasn't anything practical you could do with it. The mainframe computer and the personal computer were two different paradigms. At IBM, many people who worked in mainframe computers thought that the personal computer wasn't a serious computer at all, but just a toy. A number of the people associated with personal computers didn't really like mainframe computers. Although IBM introduced a personal computer, one could say that at a certain level, IBM never really "got" the personal computer. The people who were associated with the mainframe computer weren't against new technologies. They wanted better mainframe computers. IBM spent many billions of dollars trying to develop new technologies that made mainframe computers better. And at this time IBM saw its main threat as coming from Japanese computer manufacturers. The fear was that Japan would do to computers what they had done to the automobile—become leaders in a market that had been dominated by US firms.  But to IBMers in general, personal computers were a worse technology. But we could say that personal computers needed another community of practice, other social groups to support it.  One of the big supporters of the personal computer was Bill Gates and his new company, Microsoft.  Here is a picture of the people who worked at Microsoft in 1979.   For comparison, here is a picture of a group of people who designed an important IBM computer of the early 1960s.  What kind of differences do you see between these two groups? 

What are the social groups involved with the development of the personal computer?  How do they see things differently from the social groups involved with the mainframe computer?  
 
So one of the first questions we should ask ourselves when we start looking at a specific technology is what communities of practice or what social groups are there. What groups are there that do the same kinds of things and see the situation regarding a technology in roughly the same way? [For those of you who work, this is a good practice to maintain in your job, so that you can understand why people tend to see things differently than you do.] 

The term social construction of technology asserts that any technology does not have a fixed form, but instead is a result of the interactions of all the social groups or communities of practice associated with it. Each social group may have some idea of the characteristics of the technology they want. The resulting technology will reflect which group had the greatest ability to mold the technology in the way it wanted. This idea says that technology is moldable, like silly putty and not fixed.  The technology that prevails is not necessarily "the best technology,"  but the one supported by the social groups that are most able to impose their vision.  

As you read the book Apollo pay attention to the social groups involved and the goals that each group has for the technology being developed.  


In class exercise on paradigms, social groups, and change.  As you start your college career, it is worth thinking about the paradigm of the modern American university, the social groups associated with it, and the possibilities of change.  In class, I am going to ask you to spend some time thinking about what the main elements of the paradigm of the American university are in 2024.  I will also ask you to think about the social groups involved with the university are, and what their interests are.  There are some people who think we should develop what would be essentially online universities.  I will ask you to think about what social groups might support such a change and why.  I will also ask you to think of the groups that would resist such a change.  

4.  Technological Determinism/Socio-Technical Systems I.  Technological Determinism 
Another way of looking at technology, in some ways the flip side of the social construction of technology is technological determinism.  Technological Determinism has two slightly different, but related meanings.
1.    Technology unfolds according to its own inner logic that is independent of other factors.
2.    Society adapts itself to the constraints/conditions that technology imposes on it.
An example of (1) would be a statement like "There is one best type of ….[insert any technology here]" A suggestion of (1) would be the relentless development of information technology over the last fifty years. Some might use Moore's Law, the statement that the number of components that can be put on an integrated circuit doubles every year to 18 months to support technological determinism.
 
An example of (2) would be the following statements: "The Internet forces society to be democratic" "The birth control pill created the sexual revolution." "The automobile created the suburbs." It is too simplistic to say that this is either "true" or "false." There are certain situations where these ideas can be useful. But they can also be excuses for not looking more broadly at society and the world. One could say that China is today conducting an experiment trying to disprove proposition (2). That is to say it wants to have the internet, but it doesn't want to have a democratic form of government. So it is trying to develop its own customized, censored version of the Internet. Can China do that? You will probably see the answer in your lifetime.  Think back to the poem from last week.  Do you see examples of technological determinism in that poem?  In what way?  

To give you a current example of technological determinism, a columnist for the New York Times wrote a piece that has an element of technological determinism in it.  He noted that "youth culture has become less violent, less promiscuous and more responsible. American childhood is safer than ever before. Teenagers drink and smoke less than previous generations. The millennial generation has fewer sexual partners than its parents, and the teen birthrate has traced a two-decade decline. Violent crime — a young person’s temptation — fell for 25 years before the recent post-Ferguson homicide spike. Young people are half as likely to have been in a fight than a generation ago. "  His explanation?  He suggests these changes may be the result of "a society increasingly shaped by the internet's virtual realities."  "It is easy to see how online culture would make adolescent life less dangerous. Pornography to take the edge off teenage sexual appetite. Video games instead of fisticuffs or contact sports as an outlet for hormonal aggression. (Once it was feared that porn and violent media would encourage real-world aggression; instead they seem to be replacing it.) Sexting and selfie-enabled masturbation as a safer alternative to hooking up. Online hangouts instead of keggers in the field. More texting and driving, but less driving — one of the most dangerous teen activities — overall."

In any case, technological determinism tends to give agency to the technology and take it away from individual humans.  We might suspect technological determinism in any sentence where the subject is technology.  

So the social construction of technology says societies create technology, while technological determinsim says technologies create societies.  Do these two ideas contradict one another?  One scholar has said that technologies are both shaped by society and society shaping.  I think of this as being like Escher's "Drawing Hands" print.  

Socio-technical Systems

No technology functions in isolation.  Rather it functions as part of a complex assemblage of both technical and social elements, which is called a socio-technical system.  Here are things to consider to begin tracing out a socio-technical system:
Factors of Production: 
Materials-What are the materials used in the technology and where do they come from? 
Workforce-What kind of workforce is required to produce the technology in question? 
(Consider both engineers/scientists and those involved in manufacturing) 
Capital equipment-What kind of production equipment is needed? 
Components-What components are needed and where do they come from?
Consumption: 
Consumers-Who are the consumers of this system and how are they convinced to consume it? 
Do these consumers have to have certain characteristics?
Adjunct technologies-Are there other technologies that are necessary for the technology under consideration to function? 
Supporting institutions/organizations-Are there other institutions that support the technology? 
Role of government/the military -Does the government play some role (directly or indirectly) in supporting this technology?  This might be through funding, through laws, or other aspects of public policy.  
 
Values/norms-Are there values or social norms which support the technology?  What sort of meaning do people in society attach to the techology?  


These elements are systematically related.  
For example, the Iphone is made using a distinctive labor system--a Chinese labor system, and Apple executives seem to believe that that system is essential for the production of Iphones.  When Steve Jobs was alive, he told President Obama that Iphones could not be made in the US.  Why? 

A change in one element of the system might be expected to ripple through the system and lead to changes in other elements.  (See this example suggesting what increased wages paid to fast-food workers might mean.) 

Very often key elements that are necessary for a technology's functioning are hidden from us in our everyday usage of a technology.  Thinking in terms of technological systems reminds us of these elements and all the things that are implicated in our use of a technology.  For example, as we drive our car, there is a gravel mine somewhere that was used to build the road we drive on.  When we use our Iphone, we are depending on lithium mines somewhere.  Again, when we use our Iphones, there was a committee somewhere that set the communications standards that our phone uses.  

Scholars of sociotechnical systems have claimed there are standard phases that a socio-technical system goes through:
invention
development
innovation
technology transfer
growth, competition and consolidation

In its earliest phases, a technological system is often most susceptible to change.  As it grows over time, it is said to acquire momentum and becomes more difficult to change.   (For example we will see this with the automobile.)  


In class exercise for August 28.  (To be done with your cell.)  What are the key elements of the car as a socio-technical system?   Spend a few minutes talking about this with your cell, then talk to another cell and compare your thoughts with them.  Do you think that in 2024, it is easy to introduce major changes into the automobile socio-technical system?  Why or why not?  For example, would it be possible to dramatically reduce American’s dependence on the automobile?  What kinds of changes do you see possible in various parts of the automobile socio-technical system?  How would they ripple into other areas?  
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