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1. Preliminaries to the research 

The courses aligned with the multidisciplinary nature of the Doctoral School of Technology, 

Engineering and History of Science have greatly modified the approach that I formed during my 

scientific training. My interest was primarily aroused by the mutual dependencies of science, 

technology and society, the lectures dealing with various technology analysis trends. 

The interdisciplinary trend formulated in the 80‘s (Science, Technology and Society, or 

Science and Technology Studies: STS) set out to examine the mutual construction of technology 

and society, crossing the thresholds of technology and society- related traditional mentality. It 

would be difficult to effectively border down, or establish the concrete cause, which led to the 

paradigm change of science and technology research in the second half of the 20th century. The 

sociology of technology was born; its three main research theories being: Actor-Network-Theory 

—ANT, the Large Technological Systems — LST, and the Social Construction of Technology — 

SCOT. 

None of the new trends can be considered solely as part philosophy of technology, 

sociology of technology, or history of science or technology. It is much rather related to the 

multidisciplinary research trends existing on the borders of these scientific fields. 

The base idea of constructivism: the scientific and technological developments are 

socially constructed phenomena, from which ensues that they can be discussed when included in 

a historical, political and cultural environment. 

The creators of technological research methods wanted to examine the contents of 

technology. So as to reach their goal, they wanted to establish a program, which examines 

technological tools and systems. In their programs they distanced themselves from the linear 

models characteristic of earlier technological development theories, which show the life span of 

the investigated technology along a linear development arc, emphasizing the continuity of certain 

technological innovations. 

From this aspect the history of technology that can be delineated are those in which the 

development of technology follows a given, unquestionable linear development model (Bijker, 

W.E.–Hughes, Th.P.–Pinch, T.J, 1987). 

This approach, which follows a kind of inner logic of the development of technology, 

also influenced our attitude towards computer studies (Cortada, 1993; Flamm, 1998) until the 
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middle of the 20th century, and until the extensive spread of information technology, the studies 

on its effects on society and all layers of our life space did not question the reality of our 

thoughts related to this (Edwards, 1997; Ropolyi, 2006). 

2. Goals of the research  

In the thesis we examine the period of computer development (1930-1950), which 

represents the transition between 0. and the 1. generation in the history of computing technology. 

In one popular book dedicated to the introduction of computer studies, we can read the 

followings about the mentioned generations
1
: 

„Computer generations – the base of the classification is provided by the component 

base used in computers. 

0. generation: from prehistoric ages to 1944, consists of mechanical and 

electromechanical computers; e.g. Pascal machines, Mark I-IV machines. 

1. generation: 1950s, digital machines with electron tubes, used in military and 

technological calculations, the appearance of the machine code.” (Barta, 2004:10) 

The previous classification can be questionable from more than one aspect.  

Just to mention the most conspicuous ones: in prehistoric ages we could only talk about primitive 

tools for counting. Pascal‘s machine was made in 1642, it was suitable for adding and 

multiplying, so we can bravely call it a counting-device. If we organize the Mark I-IV along a 

time line, our doubts concerning the reliability of the generational model are further supported. 

Mark I was made in 1944, according to the previous categorization at the end of generation 0., 

while Mark IV between 1950 and 1952; in other words, it is already one of the representatives of 

the first generation machines. 

The aim of the thesis is to shed light on the fact that by examining the mentioned period of 

computer development in more detail, we can identify several types of electromechanical and 

electronic, task specific counting-devices. Furthermore, by using a well chosen technological 

frame system, also applicable to the development of computers, there is also an opportunity to 

examine the social projections of the developments. 

                                                
1 Based on my experience as a teacher, this is the most widespread computer studies book used in Hungarian high 

schools. In various literature we find differing dates for defining the generations (generation 1. e.g. 1946-1954, 

1943-1958), but they are consequent in connecting the generation 1. machines to the electron tube as the applied 

technology. 
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This kind of analysis is also justified by the fact that the specialized literature, which is 

characteristic of the mentioned period, is limited to technological details, heroic stories and 

disputes on priority. In the specialized literature dealing with the period there is no word about 

the social need for the machines as a development motivating and affecting factor, however, this 

kind of investigation is more characteristic of the period beginning with the appearance of 

personal computers and formed by informational technologies, the second half of the 20th 

century. 

The theoretical frames used in the thesis, and the technological products that form the object 

of the analysis touch upon scientific fields like computer studies, sociology of technology, 

history of technology, social network analysis. Therefore, the distrust that eminent scientists of 

various fields feel towards the topic in question is justifiable and one could probably list a 

number of objections and deficiencies concerning the ideas related to their own field of science 

and analysis.  

In light of the knowledge gained at scientific and partly technology-based multidisciplinary 

doctorate schools, I undertake this task, admitting that I have only examined trends, theories, 

methods of the scientific fields that I considered relevant from the aspect of my topic. 

So, for example, besides the later represented trend suitable for social constructionist 

technology analysis, many other schools – such as the feminist technology theory, conflict theory 

or the technological paradigm-theory – offer alternative analysis methods, but their review, 

comparative analysis is not possible within the framework of this thesis. 

This also stands for network research, which has itself become an interdisciplinary science 

in the last decade. 

From this perspective, the social network analysis methods, selected in light of the aim and 

adaptable to historical research, can be considered as the exploitation of the limited possibilities. 

As a kind of solution to these dilemmas, I will strive to justify the chosen methods and the 

selection from the relevant theories as well by specifying the task undertaken in the thesis.  
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3. Methods of the research 

The dissertation is divided into a theoretical frame system and its practical application. 

Consequently, the theoretical frame system is built on the critical analysis of the relevant techno-

philosophical, techno-sociological works. 

The second part of the thesis will deal with the application of the data gathering and data analysis 

methods. Considering that a historical kind of case study is in question, data gathering was done 

through the analysis of various documents, sources, interviews. 

Data analysis happens on two planes in accordance with the chosen methods (Social 

Construction of Technology: SCOT, that is, SNA: Social Network Analysis). The goal set during 

the application of the SCOT methology is the analysis of the technological frames represented by 

the various counting-devices. From the rich scope of SNA methods I have selected those that are 

in my view suitable (based on the available data) for analysis within groups and the interactions 

between groups, for the quantitive measurement of the actors‘ activity.  

4. Theses 

1. For the analysis of the innovative processes emerging as the result of the interaction 

between the various relevant groups and technological frameworks, the SCOT theory 

further developed in the fluorescent lamp case study is applicable only to a limited extent. 

[5] 

Following the SCOT process analysis method (Bijker, 1993): — relevant social group  

technological frame  product  new relevant social group  new technological frame new 

product etc. — the relevant groups were identifiable by means of the counting devices that were 

built on the base of interests and technological traditions. Based on the analysis of the 

documentations of prepared technological products, monographies on prominent individuals, 

literature dealing with the history of certain institutions, we can work with information packs 

characteristic of the given period. From the comments of the authors elaborating the histories of 

various institutions or the analysis of the interviews with prominent individuals, it can be clearly 

seen that institutions producing counting devices, especially in the war years, nurtured 

relationships with each other based on mutual support. 
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In this case we are not primarily talking about the tight cooperation between the institutions, but 

much rather about the interpersonal relationship of certain actors belonging to the institution in 

question, which also meant a mutual information-sharing in the given field of expertise. 

We are not able to uncover these relationships with the SCOT method, and neither can we keep 

track of the changes that were brought forth by the group rearrangements resulting from the 

relationships. 

 

2. In the mentioned case study, the sociotechnical ensembles defined by Bijker, respectively 

the extent of inclusion in various frames characteristic of innovative actors can be 

demonstrated by social network analysis in practice and can be examined by quantitative 

methods. [9];[1] 

 

Bijker refers to the complex network of various technological frames and social groups as 

sociotechnical ensembles, thus referring to the intertwined interests, values represented by the 

groups and the technical opportunities. 

He emphasizes that 20
th
 century society is characterized by this interwoven-ness of technology, 

science and society, which demands the elaboration of suitably complex investigation methods. 

Relevant social groups consisting of actors driven by the same interests, values, goals belong in 

one technological frame.  

The unique actors can be members of several relevant groups, thus several frames at the same 

time. The interactions of the actors within the given frame, respectively between the frames are 

determined by the extent of inclusion in a frame (Bijker, 1997:199-267). 

The social network analysis is also suitable for the visualization of the key role playing relevant 

social groups, determining the inclusion of certain actors in technological frames, and for the 

quantitative measurement of the interactions between groups. 

The indicators that can be used are: degree-, betweenness-, and closeness centrality and 

the eigenvector (Hanneman- Riddle, 2005; Kürtösi, 2005). These indicators are also suitable for 

measuring power as defined by Bijker. 

The power of an arbitrary actor of the network is not an abstract concept, but originates 

from its relationships versus the extent to which it is able to exert power over the other actors or 

groups leaning on its advantageous position in the network (Wasserman - Faust, 1994). 

3. Innovative actors can be easily identified by network analysis methods. Moreover actors 

that in a certain sense played key roles in the development processes but did not become a 

part of history can also be identified. [6]; [8] 



 8 

 

According to the bakelite case study the characteristic of an innovative actor is that its inclusion 

takes place in several technological frames simultaneously, but in various degrees (Bijker, 1997: 

139-143). 

Thus by combining the forms of knowledge characteristic of various technological frames, an 

opportunity rises for radical innovations. Bijker does not offer a method for measuring inclusion, 

but he emphasizes its limitations and difficulties. 

Based on Mark Granovetter‘s observation concerning the spread of innovation, according to 

which ―The reception and transmission of innovations depends on the weak ties, the individuals 

whose inclusion in society is loose. They are the agents, the bridges, the possible integrators.‖ 

(Granovetter 1973), we are looking for actors who constitute the breakpoint, or bridge-like 

relationships in the graph visualizing relationships. 

 

4. By uncovering the eventual regroupings of social networks, we can also keep track of 

IBM’s gradual spread. [7] 

With the analysis of social networks, the main objective was uncovering the interactions of 

the relevant social groups in the analyzed period. Since the representation of the a social 

networks of the whole 20 year period in a single network veiled the possible deductions 

concerning group dynamics, it was only expedient to list the relationships along some kind of 

time line, taking into consideration the beginning and the end of relationships.  

 Thus three sections could be distinguished in the time interval lasting from 1930 to 1950 

according to relationships and group rearrangement. In the various intervals we can also keep 

track of IBM‘s relationships, changes in its network position. From embracing H Aiken‘s idea in 

the 1930‘s, by providing the output/input devices used for building the ENIAC, it got closer and 

closer to the principle of general electronic digital computers from the production technology of 

the traditional punched card IBM machines (Pugh, 1995; Randell, 1973). By the beginning of the 

50s it had reached such an advantageous position in the network, that it was able to access all the 

previously heaped up knowledge and information needed for building, developing the electronic 

digital computer, which, from the aspect of network analysis, can be interpreted as the condition 

for independence and later successes.  
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5. With relationship-analysis it can be ascertained that in contrast to the SCOT method 

approach the stabilization period does not have to be represented by a single product. 

From the combination of the technologies and tools belonging to the same frame that was 

accepted by various groups, various product variations could be made while keeping the 

targeted users’ demands in mind. [4]; [5] 

 

It can be seen from the story recreated with the social network analysis that more than one 

computer represents the technological frame, which represents the partial stabilization in this 

period. The IAS machine meant one kind of prototype for the institutions building computers for 

scientific purposes, but with the Deffence Calculator and the MIT Whirlwind machine, the IBM 

surpassed scientific applicability as a demand, reflected upon the special war demands and 

reacted to them with successful products.  

6. Complementing the SCOT method with the social network analysis method, the processes that 

were provided by the known generational model and which surpassed the history of computer 

technology- technology became analyzable. [2]; [3]; [8] 

 

With the combination of the selected methods, the disclosure of goal-oriented, task-specific 

product variations that represented the pre-ENIAC 0. generation, and the analysis of the groups 

that could be tied to the tools/devices and the interests represented by them, we kept track of the 

intellectual capital piled up during the development process and the flow of technological 

knowledge, which, according to us, was could have promoted the generation change. 

5. Making use of the results 

The primary proceeds of the analysis methods used in the thesis is that they show the 

various actors of the given institutions in a uniform frame. It is well-known that we find 

individual- or institute-specific literature regarding the analyzed period, and their initial 

motivation in the development of computer technology is the discussion of priorities, displaying 

individual achievements. In contrast with this, the advantage of the applied methods is that we 

see a more realistic picture of the story regarding neglected actors, hidden relationships by 

uncovering the interactions between the groups. 
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Since the uniform presentation of manifold events is possible with the network approach, the 

information we get by uncovering the interactions is just as useful as the information provided by 

the reconstruction of certain institutions‘ results. 

The lesson learned from the analysis regarding the future is about what socio-technological 

net composition and structure is necessary for establishing the successful innovations and 

developments, but it can provide us with a basis for the design of the process phases as well. 
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