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Abstract 
 

This study demonstrates that longitudinal quantitative analyses outside the established publication record (peer-
reviewed journals) in shared communities of practice exhibits empirical regularity with persistent patterns of 
lognormal distribution. Bibliometric data was collected from the AECT Conference Proceedings in order to visually 
map communication through co-citation and validate Educational Technology as a scientific specialty. The nature 
(nodal development, seminal works, leading institutions, and researchers at the research front) of educational 
technology was determined. 
 

Introduction 
 

Where does scientific specialty begin?  How and when do scientific specialties emerge in a discipline?  At 
what point in development does a specialty become a field or a discipline in and of itself?  Identifying the nature of 
scientific specialties is a fundamental challenge for information science. Morris and Van der Veer-Martens (2008) 
break scientific specialty into three components for the purposes of modeling: researchers, base knowledge, and 
formal literature thereby representing the social, cognitive, and communitive processes in a specialty. When 
scientific specialty is studied in information science, researchers are studied through citation practices, the 
knowledge base is studied through content analyses, and communication is studied through co-citation and 
bibliographic coupling. 

Indeed, co-citation studies of peer-reviewed journal articles recorded in scientific databases, such as Web 
of Science, are the most common methodology used to identify science and make informed purchasing, tenure, and 
science policy decisions; but are they the most effective way to identify scientific specialties? “In a global citation 
analysis, the researcher examines how often a particular publication or a selection of discipline-specific publications 
are cited without regard to the citing authors’ institutional affiliations or geographic regions” (White 2019). Not 
every bit of science is written about and published in traditional scientific journals indexed in traditional databases. 
Conversely, local citation studies focus on the citation habits of users affiliated with a particular institution and 
studies of this nature demonstrate a high percentage of coverage of faculty citations within affiliated libraries 
employing this methodology. In short, we buy or provide access to the science that our faculty write about and cite. 
This phenomena may not provide insight about emerging specialties. Further, with the expanding opportunities to 
publish outside peer-reviewed journals, especially for technology related fields, a general absence of specialty 
emergence may occur within a local library collection or global indexes.  A method to study scientific specialties 
that coalesce outside the established publication record should be considered. 

 
Theoretical Background 

 
Kuhn’s seminal work, The Structure of Scientific Revolutions, emphasized the importance of community in 

the development of science in that paradigmatic development occurs with shared practices of inquiry.  Science, in its 
purest iteration, is a shared social practice and depends on a shared professional context or “selection environment” 
(Leydesdorff, Wagner, & Bornmann, 2018). “Research specialties consist of relatively small self-organizing groups 
of researchers that tend to study the same research topics, attend the same conferences, publish in the same journals, 
and also read and cite each other’s research papers” (Morris & VanderVeer-Martens, 2008, p.213).   
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According to Rons (2018), “Sufficient bibliometric focus at the specialty level requires an aggregation of 
publications that is more fine-grained than the broad subject categories grouping interrelated journals that form the 
backbone of commonly used global publication and citation indexes” (p. 114). Global publication and citation 
indexes overlook some publications until such time that the publication has sufficient global appeal. Conference 
proceedings, which are not often indexed in global indexes, provide a set of publications that focus on the 
interactions of a self-organizing research community that are often overlooked but provide a sufficient oeuvre for 
the identification of scientific specialties in that conference proceedings provide a view at the convergence of 
community.  

The goal of this study was to conduct bibliometric analyses of a non-traditional oeuvre from a self-
organizing group of researchers--conference proceedings--in order to inform about its nature as a specialty by 
measuring its growth through lognormal distribution and visually mapping its development through network 
analysis as a knowledge domain. 

Methods 
 

Scientific specialties form communities of practice most often with a convergence of the community in 
technology sectors through conference attendance.  The Association for Educational Communications and 
Technology (AECT) is an international organization of instructional/educational technologists and researchers that 
has published its annual conference proceedings since 1979. These conference proceedings provide 35 years of 
published papers in this specialty that were not indexed in traditional journal databases and therefore provide an 
overlooked knowledge domain worthy of study for the identification of the nature of this scientific specialty. 

Bibliometric indicators were extracted and collected into custom databases for truncation into 
Characteristic Scales and Scores (CSS), co-citation analyses, and multidimensional graphing. Mean citation rates 
and distribution were calculated in 5-year sets. The application of the CSS method took into account the full set of 
citation counts where all authors were considered equal. Lognormal distribution was iteratively generated following 
a specific parametrization where the CSS algorithm was applied to each sample and the values were identified at the 
point of convergence. 

Co-citation was tracked in custom databases in 5-year dispersions in order to conduct visual network 
analysis. Gephi 0.9.2 software was used to create multidimensional graphs to identify developmental and 
incremental change within the knowledge domain with the purpose of understanding the developmental pattern of 
the specialty.  

Results 
 

The researchers, seminal works, and the formal literature in each data set were identified and exhibit 
indicators for decision making.  Table 1 represents the most cited authors within the thirty-year studied span and 
the knowledge base of Educational Technology. Gagne, Hannafin, Jonassen, Dwyer, and Reigeluth were the most 
cited authors over the 30 year period. 

 
Table 1. Authors Representing the Knowledge Base 

 
1979-1984 1985- 

1989 
1990- 
1994 

1995- 
1999 

 2000- 
 2004 

2005- 
2009 

Dwyer Tennyson Jonassen Gagne Jonasson Jonassen 
Witkin Gagne Gagne Jonassen  Reiguluth Mayer 
Salomon Clark Hannafin Hannafin Mayer  Garrison 
Gagne Hannafin Reigeluth Keller  Duffy Anderson 
Snow Salomon Ross Reigeluth Hannafin Ertmer 
Paivio Merrill  Tennyson Collins Keller Sweller 
Cronbach Anderson Salomon  Duffy  Gagne  Reigeluth 
Goodenough Snow Merrill Brown  Dick Archer 
Clark  Reiguluth Mayer Dick Bandura Hannafin 
Winn  Witkin Keller Dwyer Collins Bandura 
Levin Dwyer Johnson Ross Clark Keller 
Fleming Ross Dwyer Salomon Ertmer Pintrich 
Simonson Kulik Clark  Klein Wenger Schunk 
Levie Mayer Johnson Johnson Bonk Wenger 
Ausubel Winn Wittrock Johnson Moore Bonk 
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Travers Kulhavy Carrier Merrill Gunawarde
na 

Duffy 

Lamberski Rakow Briggs  Hooper Richey  Klein 
Merrill Heinich Morrison Sullivan  Sweller Vygotsky 
Karp  Levin Rieber  Wilson Becker Moreno 
Berry Rieber Collins  CTGV Carey Gunaward

ena  
Mayer Levie Brown  Slavin  NCES Brown 
Oltman Briggs Dick  Briggs Schunk Zimmerm

an 
Allen Canelos Kulik  Morrison Wilson Bruner 
Briggs Phillips Winn  Wager Salomon Bransford 
      

Seminal Works are represented in Figure 1. The most influential reference work of the period studied was 
Principles of Instructional Design by Gagne and Briggs with over a twenty-five-year span of influence. Two other 
titles influential over a twenty-year span were The Conditions of Learning by Gagne, and Instructional Design 
Theories and Models: an Overivew of Their Current Status by Reigeluth. 

 

 

Figure 1. Timeline of Seminal Works and Their Span of Influence 

 

Figure 1. Timeline of the most cited Reference Works presented in linear scale over the division of the 
data subsets with each Reference Work title orb indicating span of influence. Created with Online 

Diagram Software & Visual Solution | Lucidchart. Copyright 2018 by www.lucidchart.com. 
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Table 2 represents the most cited academic publications within the thirty-year span of Educational 

Technology represented in this knowledge domain.  
 

Table 2. Most Cited Academic Publications (Formal Literature) 
 All Journal Citations 
Variable N=48,063 
J OF EDUCATIONAL PSYCHOLOGY 2075 
EDUCATIONAL TECHNOLOGY 1471 
ETR&D 1393 
REVIEW OF EDUCATIONAL RESEARCH 930 
ECTJ 657 
AV COMMUNICATIONS REVIEW 602 
J OF EXP PSYCH: HUMAN LEARNING & MEMORY 495 
EDUCATIONAL RESEARCHER 487 
J OF COMPUTER BASED INSTRUCTION 462 
AMERICAN EDUCATIONAL RESEARCH JOURNAL 332 
J OF INSTRUCTIONAL DEVELOPMENT 309 
THE AMERICAN J OF DISTANCE EDUCATION 285 
INSTRUCTIONAL SCIENCE 283 
  

 
Lognormal Distribution 

Characteristic Scales and Scores (CSS) offered a straightforward measure for benchmarking the citation 
performance of individual authors in relation to their peers and the overall population based on a common 
framework of algorithmically constructed performance classes.  This methodology relied on “a recursive procedure 
of iteratively truncating a sample according to mean values from the low-end up to the high-end” (Glanzel 2011, 
p.42).  While citation studies have relied on the Pareto Distribution (80/20 rule) since the 1960’s, a recent study by 
Viiu (2018), found that “irrespective of scientific field and citation window, CSS tend to uncover an extraordinarily 
stable distribution of papers across predefined classes of citedness.  Virtually all fields of science are shown by CSS 
to be fundamentally similar in that they share an approximate 70-21-6-3% distribution (Viiu, 2018, p.402) Evans, 
Hopkins, and Kaube (2012) confirm this claim at the level of a specific research institute, at the sub-level of 
departments, but also for data from the arXiv eprint archive.  Perianes-Rodriguez and Ruiz-Castillo (2016) also 
verify this distribution at as a universal claim at the institutional level. While three performance classes were 
employed in this study, CSS identified a lognormal distribution.  

 
Table 3. Citations by Dataset 

Subset 5 or more Citations 2 to 4 
Citations 

1 Citation 

1979-1984 10(5%) 37(20%) 141(75%) 
1985-1989 16(7%) 45(19%) 176(74%) 
1990-1994 16(4%) 99(25%) 278(72%) 
1995-1999 13(3%) 106(23%) 345(74%) 
2000-2004 27(3%) 256(28%) 635(69%) 
2005-2009 22(3%) 174(24%) 518(73%) 
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Network Analysis 
According to Citron and Way (2018), “Co-authorship networks are a measureable representation of the 

communities that assemble in order to work in a particular area of research (p. 181). In network theory, centrality 
focuses on the interaction between individual participants within a network.  Between-ness Centrality (BC), the most 
prominent measure of centrality in network analysis, measures the relative number of times that a node (individual 
participant) is part of the shortest distance (the co-citation connection) between nodes (individual participants) in a 
network (Leydesdorff, Wagner, & Bornmann, 2018). Figures 2-8 represent a diagrammatical representation of the 
authors in terms of influence during each data set employ Between-ness Centrality to display co-citation connections 
and, taken as a series, demonstrate growth.  A topological transition was apparent between datasets demonstrating 
the communication interactions of a mature scientific specialty or field. 

Figure 2. Data Subset 1979-1984 Cocitation Network Analysis of the Most Influential Authors 

 

Figure 2. A bibliometric multi-dimensional map of the author cocitations from the Data Subset 
1979-1984 from the Conference Proceedings of the AECT. Visualized with Gephi 0.9.2 software 

employing the Yifan Hu algorithm. 
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Figure 3.  Data Subset 1985-1989 Cocitation Network Analysis of the Most Influential Authors 

 

Figure 3. A bibliometric multi-dimensional map of the author cocitations from the Data Subset 1985-
1989 from the Conference Proceedings of the AECT. Visualized with Gephi 0.9.2 software employing 

the Yifan Hu algorithm. 
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Figure 4. Data Subset 1990-1994 Cocitation Network Analysis of the Most Influential Authors 

 

Figure 4. A bibliometric multi-dimensional map of the author cocitations from the Data Subset 1990-1994 
from the Conference Proceedings of the AECT. Visualized with Gephi 0.9.2 software employing the Yifan 

Hu algorithm. 
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Figure 5. Data Subset 1995-1999 Cocitation Network Analysis of the Most Influential Authors 

 
Figure 5. A bibliometric multi-dimensional map of the author cocitations from the Data Subset 1995-1999 

from the Conference Proceedings of the AECT. Visualized with Gephi 0.9.2 software employing the Yifan Hu 
algorithm. 
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Figure 6. Central Embryonic Cluster of Data Subset 2000-2004 Cocitation Network Analysis of the 
Most Influential Authors 

 

Figure 6. A bibliometric multi-dimensional map of the author cocitations from the Data Subset 
2000-2004 from the Conference Proceedings of the AECT. Visualized with Gephi 0.9.2 software 

employing the Yifan Hu algorithm. 
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Figure 7. Data Subset 2005-2009 Cocitation Network Analysis of the Most Influential Authors 

 

Figure 7. A bibliometric multi-dimensional map of the author cocitations from the Data Subset 2005-2009 
from the Conference Proceedings of the AECT. Visualized with Gephi 0.9.2 software employing the Yifan Hu 

algorithm. 
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Conclusion 
 

The nature of scientific specialties can be identified in knowledge domains outside of the traditional 
publication record of global indexes. “Disciplinary communities have been described as tribes each with its own 
norms, categorizations, bodies of knowledge, sets of conventions, and modes of inquiry, which compromise a 
recognizable culture” (Hyland & Salager-Meyer, p. 311). This study provided on one level a simple working model 
of specialty identification at the convergence of community that included the network of researchers, the base 
knowledge, and the specialties’ formal literature.   

On another level, specialty identification was confirmed by the lognormal distribution of Characteristic 
Scales and Scores. Virtually all fields of science are shown by CSS to be fundamentally similar and the presence of 
CSS 70-21-9% distribution of citation counts within the conference proceedings as the knowledge domain 
representing Educational Technology confirms the presence of a scientific specialty or field. 
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