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1 INTRODUCTION

Technology plays an undisputed role in the quest for sustainable development . The technology and
innovation management literature provides many concepts that are central to understanding the role of

technology in sustainable business development[1], and the importance of technology management in the

context of sustainable development has been argued in the literature [2]. Recently, scholars have also

argued the importance of integrating the concepts of technology management and socio -technical or
sustainability transitions [3], [4] . However, a bibliometric analysis that compared the respective bodies of

literature relating to technology management and socio-t echni cal transitions found
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of integration or significant similarity in foundational concepts used in both bodies of l'iter §tleed
Kock and Brent [5] further proposed that the bibliometric analysis and subsequent findings be enriched by

a systematic and in-depth assessment of the literature bases (i.e. , the references used by the respective
bodies of literature) to clarify further the level of integration and overlap be tween the technology
management and socic-technical transitions literature, in order ultimately to provide a starting point for

the development of an integration strategy between technology management an d sustainability transitions .

The bibliometric analy sis undertaken in Part 1 [5] of this two -part investigation considered 331 documents
that resulted from a keyword search that was focused on socio-technical transitions, and 4 740 documents
that resulted from a keyword search focused on technology management (see Table 1). It emerged that
only two documents ([6], [7] ) are present in both sets of documents. Therefore, in order to investigate
further where the two bodies of literature overlap and possibly integrate, this paper e  xplores the links
between the socio -technical transitions and the technology management bodies of literature, based on the
references used by each set of documents (given the data sets that were extracted, as shown in Table 1
and as described in detail in [5]), to elucidate the level of integration between these two bodies of
literature. The literature bases ( the references used by each article) of both document sets are compared,
and this detailed comparison is used to identify overlaps in the literature that are used as  the basis for the
research in the bodies of literature, thus aiming to elucidate further the extent to which there is an overlap,
and to what extent these two bodies of literature s hare intellectual roots.

Table 1: Bibliometric analysis search statistics  [5]
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2 MATERIALS AND METHODS

The methodology followed in th is two-part investigation into the disconnect between technology
management and socio-technical transitions is show n in Figure 1. As mentioned above, a bibliometric
analysis was conducted in Part 1 that had two phases, while Part 2 deals with the linkage analysis (LA) and
has five phases. Similar approaches to evaluating the landscape, overlap, and integration of bodies of
literature have been used throughout the literature [8]d11]. The remainder of this paper th us focuses on
the LA, and the remainder of this section focuses on the LA methodology .

Part 1: Bibliometric analysis (BA) Part 2: Linkage analysis (LA)
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BA Phase 2. Pre-data processing,
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O eeaentific . Analysisof exracted similarity calculation, LA Phase5: Overlap
bibliometric data threshold filtering, data analysis

networks

analysis

Figure 1: Schematic representation of the methodology [5]

1 De KoclandBrent[5] is Part 1 of the twepart investigation intdhe disconnect between the bodies of literature pertaining to
sociotechnical transitions and technology managemeft the titleof this article statesthis is Part 2.
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2.1 Linkage analysis (LA) method

For all the documents that were extracted and used in Part 1 [5], only two documents 2 formed part of the
combined search (see Table 1). Thus, in order to evaluate the level of overlap and integrat  ion between the
two sets of literature, the references associated with both scientific networks were evaluated to identify
references in documents in both the technology management and socio -technical transitions scientific
networks. The linkage used in th is research inquiry refers to the cross -network method that is applied to
reveal the linkage between the two scientific networks.

Because only two documents were found in both data sets, the references used in the socio -technical
transitions and technolo gy management documents respectively were compared with the aim of identifying
the references that are used in both scientific networks. Thus the two  data sets exported from Scopus
(containing 331 documents and a resulting 17 445 references in the socio -technical transitions network,
and 4 740 documents and a resulting 112 498 references in the technology management network) 2 were
used in the LA.

The input data for the linkage analysis was exported from the Scopus website using the .txt output format.
Eac hE rdt ri.e.§ a document resulting from the search) in the input file has a title, author list , and
bibliography 1ist. Each bibliography | i sRefceaortiaEesd .
comparison of the data sets was done in two separate exercises, each comparing the references found in
one data set with the references found in the other data set with the aim of achieving two respective
outputs:

i. A list of references from the technology management set of documents that are also pres ent in
the socio-technical transitions set of documents; and

ii. A list of references from the socio -technical transitions set of documents that are also present in
the technology management set of documents.

Ultimately, the two lists referred to above  were used in Section 3 to identify and highlight the level of
integration and overlap between the two sets of documents. In order to perform the LA, the data sets
extracted from Scopus were used in a process that had four steps (LA Phases 1fi 4), each of which is
described below.

211 LA Phase 1: Data pre -processing

This phase primarily entailed the sanitation of the data sets (References (R)) in the bibliography list. For
each reference in the respective data sets, th e following operations were performed:

1. Normalisation of references (correction heuristic). After the normalisation process, all that remain ed
was the title of the reference, and any additional (nonsense) text that was not removed by the
heuristic. This i ncluded:

Conversion of all text (reference strings) to lowercase;

Converting unicode to ASCH;

Replace all foreign glyphs with the nearest Roman equivalent, or remove them;
Remove all author and publication metadata;

Remove all common abbreviations;

Remove all punctuation and redundant white spaces; and

Remove all URLs, dates, and page numbers.

N

mh

2. Combine all references (R) of an entry (E) with white spaces (i.e., Y Y Y
3. Repeat processes in steps 1 and 2 for the second set of references.

2 The two documents that are present in both the technology management (TM) and the socio-technical transitions (STT)
primary document sets are Spontaneous emergence versus technology management in sustainable mobility transitions:
Electric bicycles in China [6], and The transformative capacity of new technologies [7].

3 It should be noted that , during the linkage analysis programming, each reference was given a unique identifier; thus
shoud two or more documents in either of the scientific networks cite the same document, this document would have

a number of unique identifiers (equal to the number of documents in the primary document sets that cite that specific
reference). However, this d uplication was accounted for in LA phase 5.

4 ASClI(American Standard Code for Information Interchange ) is a character encoding standard. ASClicodes represent
text usedin computers, telecommunications equipment, and other devices (http://www.asciitable.com/ ).
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The normalisation and combining of the references in both data sets (the data sets with the references
from the two scientific networks) was followed by the similarity calculation phase. The aim was to
determine how likely a combined Reference (R) (i.e., the output from steps 2 and 3 above) of an Entry i
(i.e., 2 ) from the technology management set of references was to contain a single reference from the
socio-technical transitions list of references, and vice versa.

The edit distance algorithm ° was used during the similarity calculations. This algorithm found the best

match for the references in the first set of  references within the second set of references, and vice versa.

The maximum value for the edit distance would be achieved if one had to insert a completely new reference

into the reference |list of the ent rwadcemparedfThus thavalees a g a
would be equal to the length of the reference string. Consequently, we calculate  d the similarity coefficient

as being — , where N is the length of the string and e is the edit distance of the string.

21.2 LA Phase 2: Similarity calculati on

The similarity calculation phasehad two steps. First, a core algorithm was applied to measure the likelihood
that an Entry (E) would contain a bibliography item ; thus reference (R), since the references could not be
directly matched. The second step of LA Phase 2was the higher-level operation that yield ed the similarity
value (v), which indicate d how likely it was that an edit operation refer red to each reference.

LA Phase 2a: Core algorithm

For the purpose of this study, a measure of how likely an Entry (E) contained a bibliography item, thus
reference (R), was needed. Since the references c¢ ould not be directly matched ( owing to discrepancies in
the format, spelling , etc. between references), a modified edit distance algo rithm was used as the core
algorithm. The edit distance algorithm yield ed the number of edit operations (insertion, deletion , or
substitution) necessary to ensure that E contained R The maximum value of the edit distance was reached
when the whole text of R had to be inserted into E Hence the similarity value ® ] where e is the

number of edit operations .

LA Phase 2b: Higher -level operation
During this phase, the similarity value (v) was calculated. In order to calculate v:

Let O the first set of entries;
Let O the second set of entries;

Then each’QN 'O had a set of references (bibliography entries), 'Y . Taking a higher-level view, the objective
was then to know for each 'Q¥ 'O all AN 'O that had an overlapping bibliography entry within  them. Thus,
in set notation, for each Qv Oq,

0 nAsNMO®E R 1 QOQ1 @ QD i 1

To determine this, each reference Rgwas taken from some ¥ 'O and compared with the full bibliography
text of some QN ‘O. Thisyield ed a similarity value ( v) that indicate d how likely it was that e had areference
to Rqg

2.1.3 LA Phase 3: Threshold filtering

This phase filtered out & based on their similarity values, v&s. If v was less than the threshold, then g was
not included in Q.

To summarise, the process described in LA phases 1 3 compared all references (referredto as Rrwl, Rtm2,

Rrv3, and so forthin Figure2) resul ting from a dodM&Emreldin Figureyirether e d t
technology management scientific network with the references resulting from all the documents in the
socio-technical transitions scientific network (referred to as R strl, Rst2, Rsti3, and so forth in Figure 2) to
establish the similarity between each reference in the technology management network and  each reference

5 In computer science, ¢edit distance dis a way of quantifying how dissimilar two strings (e.g., words) are  from one
another by counting the minimum number of opera tions required to transform one string into the other (Skiena, S
[1997]. The algorithm design manual , Springer, New York).
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in the socio-technical transition scientific network, and vice versa. The key objective, as stated, was to
determine which references were used and, for any that were used , the frequency of their use in both
scientific networks. Owing to the significant inconsistencies found in the bibliog raphic data extracted from
Scopus, a similarity calculation was used to determine which references were present in the scientific
networks, since a direct comparison was not possible. Comparing the data sets & asd vhava Yiettled
a far lower number of references, as a large number of references were not cited correctly and/or  were
not the same.
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Figure 2: Schematic representation of similarity calculation process

2.1.4 LA Phase 4: Data analysis

The results from LA Phases 1fi 3 yielded more than 3.9 billion data entries fi namely, the total number of
similarity comparisons that were performed when comparing all references from the two scientific
networks®. An éentry 6 was a line item showing the do cument (Entry) from the first set of documents, the
document (Entry) from the second set of entries (whose references were compared with  those in the first
set of entries), and the references in the second set that were similar to the references in the fir st set.
Similarly, the output from the second set of entries  was the document from the first set of entries whose
references were, in turn, compared with those in the second set of entries, and the references in the first
set that were similar to the refer encesin the second set. Each reference (in both sets one and two) was
given a unique identifier at the start of LA phase 1. This mean t that references that were the same would
have different unique identifiers. However, the duplication did not influence t he final results , as care was
taken not to include duplicated values. Nevertheless, the duplication of the references found in each set
that evaluated the similarity between the references used in the two document sets was analysed , as this
indicated the f requency of the reference in the scientific network of that specific Entry.

In Phase 4 the similarity results 7 namely, the percentage similarity between two references f were
evaluated. With the vast inconsistencies between the referencing styles and the information included in
the nearly 130 000 references that were used in this research inquiry, a 75% or greater similarity between
two references was deemed to mean that two such references were the same reference. However, there
were references with a 75% similarity that, upon further investigation, = were found not to be the same
reference. Becausethe primary aim of the research inquiry was to identify and evaluate the ov erlap and
integration of these two bodies of knowledge, this did not have a significant impact on the results.
Furthermore, in the final set of results (refer to  Table A.1), each reference was checked against the raw
reference data and corrected if required to ensure that the correct number of occurrences was reported .

2.1.5 LA Phase 5: Results
The output from LA phases 1 fi 4 was two data sets:

6 In order to assess the similarity between the references in both datasets, each of the 17 445 STT references was
compared with each of the 112 498 TM references ; thus 17 445 x 112 498 comparisons resuled in 1 962 527 610 data
entries. Similarly, the oppo site comparison (i.e. , 112 498 TM references compared with 17 445 STT references)produced
the same number of data entries; thus there was a total of 3 925 055 220 similarity comparison data entries.
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1. Adata set containing all the TM references that were also present in the STT scientific network . Thus
all the TM references that were shown in this data set had a minimum similarity of 75% with at least
one STT reference. This data set also showed the number of times that each TM ref erence with a
similarity score of at least 75% occur red in the STT scientific network. In addition, the frequency of
the occurrence of the TM reference in the TM data set was also shown.

2. Similarly, a data set containing all the STT references that were also present in the TM scientific
network. Thus all STT references that were shown in this data set had a minimum similarity of 75%
with at least one TM reference. This data set also show ed the number of times that each STT reference
with a similarity score of at least 75% occur red in the TM scientific network. In addition, the frequency
of the occurrence o f the STT reference within the STT data set was also shown.

The output was subsequently analysed in order to identify the areas (based on the similarity between
references used by both networks) where (significant) overlap(s) occur red. Three different kinds of overlap
between the TM references and the STT references were considered:

1. The most prominent references in both data sets 7 (i.e., in the data sets where an overlap ha d already
been identified fi the two data sets described above). This included:

a. the top 50% most prominent STT references that were also a TM reference; and
b. the top 50% most prominent TM references that were also an STT reference.

2. References with at least 10 instances / occurrences within both data sets.
3. References with at least 10 instances in one data set and five in the other:

a. areference with an occurrence / instance of 10 in the TM data set and an occurrence /
instance of five in the STT data set; and

b. areference with an occurrence / instance of 10 in the STT data set and an occurrence /
instance of five in the TM data set.

The three different sets of overlap set out above provide d the titles of references that occur red in both
the TM and the STT data sets, with a varying number of instances or fre quencies that each reference
occurred in each scientific network.

From the above results, which essentially entail ed the articles that cite d the same references i thus the
articles from which references were present in both the TM and the STTdata setsfi a data set containing
the articles that dr ew from the same theoretical foundations (in other words , used the same references)
was compiled. This set of articles was subsequently evaluated, and is discussedin Section 3. This was also
used to expand the set of articles that could be used to evaluate the overlap between the technology

management and socio-technical transitions bodies of literature fi in other words, to expand the set of the
two identified docum ents in Table 1.

3 LINKAGE ANALYSIS (LA): RESULTS AND ANALYSIS

This section explores the linkages between the socio -technical transitions and technology management
bodies of literature, based on the references used by each set of documents (given the data sets extracted ,
as described in Section 2), to elucidate the level of integration and overlap between these two bodies of
literature, and to identify the extent to which these two bodies of literature share intellectual roots

3.1 Linkage analysis results

The results of the various phases of the linkage analysis are outlined below. Table 2 and Table 3 show the
references of the 4 740 technology management documents and the 331 socio-technical transitions
documents respectively that ha d a similarity score of 75% or above (refer to Step 2: Linkage analysis in
Section 2).

3.1.1 Data pre -processing outcome

The respective sets of references were normalised (see Section 2, LA Phase 1: Data pre-processing for the
approach) in order to have t wo data sets that showed only the title s of the references. Each document, as
well as each reference in each of the two sets, was given unique identifiers (within each set). Essentially,

" This refers to the data sets in which an overlap had already been established (i.e. , the output datasets described above
with an acceptable similarity score , as discussed in LA Step 4: Data analysis) between the two scientific data sets.
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each data set contained the unique number for each entry, with the co rresponding numbers for the
references associated with each entry and the title of each reference. The titles ~ were used in the similarity
calculation.

3.1.2 Similarity calculation outcome

The outcome of the similarity calculation phase was a data set showing the similarity scores. Thus the

similarity score s of all the references in the technology management set of documents were calculated,
enabling the identification of all references asso ciated with the technology management documents

(Entries) that ha d a similarity score of 75% or more with the references associated with the socio -technical
transitions set of documents. As mentioned in Section 2, references with a similarity score of 75% or higher
were regarded as alsobeing in the set with which they were compared. Similarly, the references associated

with the socio -technical set of documents with a similarity score of at least 75%, and thus were also deemed
to be present in the reference s associated with the technology management set of documents, were
identified.

Table 2 and Table 3 summarise the results. Here it is important to note again that each reference in each
document was given a unique identifier. Thus, if the same reference ( R) was cited by a number of Entries
(B), the specific reference was counted in each instance where the similarity score was 75% or higher.From
Table 1, 112 498 references were present in the technology man agement data set, and a large number of
these references were cited by more than one of the technology management documents (  Entries). This
was not a matter for concern, as both the frequency of documents that overlap ped and the content and/or
focus of the references that overlap ped were of interest here. This point is highlighted simply because the
number of references that were found to be present in both data sets d id not necessarily indicate the
number of unique references (the identification of the uni  que references was dealt with separately).

Table 2: Similarity results from similarity calculations for socio -technical transition (STT) references
(R)

STT documents &

references 100% similarit 90%fi 99.99% 80% 1M 89.99% 75%h 79.99%

compared with TM y similarity similarity similarity

references

STT references 1820 1993 1719 1 066

Number of 6395 6 403 9580 5803

occurrences

Table 3: Similarity results from similarity calculations for technology management (TM) references

(R)
TM documents &
references 100% similarity 90% 1 99.99% 80%1 89.99% 75% 17 79.99%
compared with STT similarity similarity similarity
references
TM references 3080 2922 3393 2811
Number of 19305 7270 12 446 15257
occurrences

Table 4 shows an example of the results yielded by considering which references in the technology

management set of documents overlapped with references in the socio -technical transitions set of
documents. The example in Table 4 shows that the article by Geels [12], 6Technological transitions as
evolutionary reconfiguration processes: A multi -level perspective and a case-studyd, was cited by five
documents in the technology management set of documents, and by 122 documents in the socio -technical
transitions set of documents. Similarly, the data on the overlap of references cited by the s ocio-technical
set of documents that were also cited by documents in the technology management set were identified .

Table 4: Examples of output from similarity calculations

Normalised title of reference Unique identifier of Number of documents in the

(normalised during step i of LA oniq STT set of documents that also
6TM referenc| . ;

Phase 1) cite d this reference

Technological transitions as 81 092 122

evolutionary reconfiguration 111781 122

processes A multi -level perspective | 42219 122

and a case study 69 636 122
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Subsequent to the data gathered from the results of the similarity analysis, a further analysis was done on
the results (the two data sets described above , as well as in the first part of LA Phase 5), to retrieve a list
of references that adhere d to the criteria set out in the second part of LA Phase 5 #f i.e., (i) the most
prominent references in both data sets, (ii) references with at least 10 instances / o ccurrences in both data
sets, and (iii) references with at least 10 occurrences in one data set and five in the other. The outcome
of this analysis is shown in Table A.1. By applying the set of criteria outlined above, a set of 119 references
was yielded. These 119 references appeared 3 557 times as references used by documents in the technology
management set of documents, and 1 538 times as references in the socio-technical transitions set of
documents.

Table 5 summarises the different overlaps that were considered, as well as the corresponding number of

articles found in each overlap group, and the number of articles that overlap ped between these groups
(refer to the matrix shown on the rightin ~ Table 5).

Table 5: Ref erences overlap 6groupsé®

glrtgrgger of references per Number of references overlapping between groups
3 0
Q Q
s | 2| |E |E
s ] = (]
Q@ 5 (%] S [T}
o © S o 2
Overla Number of £ E 3 3 o
N P ~ Overlap 6groupd o [ ] 0 &
6groupd references - = @ @ 2
S S c c )
£ £ s s 5]
%] (%] =
5| 5 |sg|c8 |28
o S |s5| =5 |E¢
8 8 |Es | Es |2
= = Se | S | S¢9
Most .
prominent STT | 32 Most prominent STT - 7 1 |1 |17
references
references
Most .
. Most prominent TM
prominent TM 87 references - - 9 20 9
references
10T™M
references & 10 TM references & 10 STT
10 STT 15 references ) ) ) 15 15
references
10T™M
references 30 10 TM references and 5 STT ) ) ) ) 15
and 5 STT references
references
10 STT
references 21 10 STT references and 5 TM ) ) ) ) )
and 5TM references
references

3.2 Analysis of overlapping references

In order to identify the areas of integration between the socio -technical transitions and technology
management bodies of knowledge, and thus to identify to what degree these two bodies of knowledge
overlapped and integrate d concepts, and to what extent the concepts of the two bod ies of knowledge were
included in the respective fields, two approaches were taken:

1. An holistic analysis of the resulting overlap from three perspectives:
a. The resulting overlap (the 119 references highlighted above) were analysed, and insights

and infere nces drawn;
b. A cluster analysis; and
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c. A correspondence analysis d the results from the linkage analysis.

2. The most significant overlaps in the above -mentioned set of references, which represented the overlap
between technology management and socio-technical transitions, were analysed in order to elucidate
further the overlap and integration (or lack of it) between the technology management and socio-
technical bodies of literature

3.2.1 Holistic analysis of the resulting overlap

In this section, the 119 references identified through the linkage analysis as references that were cited by
Entries in the technology management and socio-technical transitions bodies of literature  were analysed.

3.2.1.1 Overview of the resulting overlap

The references considered to represent the overlap between the bodies of literature of technology
management and socio-technical transitions (as shown in Table A.1) represent 0.007% and 0.001% of the
references found in the socio -technical transitions and technology management bodies of know ledge
respectively. These are arguably, by any standard, a (very) small percentage of the references under
consideration, and so are the second (quantitative) indication (the first being that only two articles were
present in both bodies of literature) of  the disconnect between technology management and socio -technical
transitions.

When the references with the highest number of occurrences in the technology management set were
considered (shown in Table 6), it was evident that innovation was a prominent topic. In addition, strategic
management and the literature dealing with competitive advantage, economics , and technological change
feature d strongly. It should be noted t hat there was a strong focus on the level of analysis at firm or
organisational level. It was evident that &echnology managementddid not explicitly feature as a key focus
here, but instead was implied through the focus areas ; and socio-technical transiti ons or sustainability
transitions were not in this group of key focus area s.

Table 6: Highest number of occurrences in the technology management set

g
@ 8@ 9
3 g2
Kev focus Normalised title of reference E = ESS
Y (normalised during step i of LA Phase 1 s >0 5 E 5
OS2 Eq °5 2
=9 ¢ O = D O
Ve oc () <5
£E88 | 293
= 6 © Q 5 Q %
Z2EQ z3S
Innovation diffusion of innovations fre york 145 15
Research .
case study research design and methods sage london 129 17
methodology
Innovation _absorpt_lve capacity a new perspective on learning and 124 2
innovation administrative science quarterly
Innovation the knowledge crgatlng_compa_ny how japanese companies 124 2
create the dynamics of innovation oxfor
Innovation the innovator s dilemma harvard business schoo 118 18
Competitive
advantage and dynamic capabilities and strategic management strategic 08 4
strategic management
management
Competitive firm resources and sustained competitive advantage 92 2
advantage
Economics an evolutionary theory of economic change harvar 83 26
Research building theories form case study research acad manag rev 74 10
methodology
Economics the theory of economic development harvar ma 74 6
architectural innovation the reconfiguration of existing product
Innovation technologies and the failure of existing firms administrative 64 5
science quarterly
. mastering the dynamics of innovation boston harvard business
Innovation 63 3
school
Competitive the competitive advantage of nations macmillan london 62 2
advantage

73



Competitive

advantage and competitive strategy techniques for analyzing indus tries and 60 2
strategic competitors fre york

management

Innovation / profiting from technological innovation implications for

technological integration collaboration licensing and public policy research 60 1
innovation policy

Technological technological discontinuities and organizational environments 54 7
change adm sciq

Economics capitalism socialism and democracy new york harper row 52 9
Technological technological paradigms and technological trajectories research 51 22
innovation policy

Strategic a resource based view of the firm strategic management 51 2
management

Organisational a dynamic theory of organizational knowledge creation 50 1
science organization science

However, when the references with the highest number of occurrences in the socio -technical transitions
set that were also present in the technology management set were considered (shown in Table 7), there
was a strong presence of documents that focused on transitions to sustainability and/or socio -technical
transitions fi possibly indicating an area of integration between the two bodies of knowledge under

consideration. Also, as mentioned earlier (and as shown in Table 5), seven references f ell within both the
6most prominent STT® and the 6émost prominent TMD
references was equally split between economics, innovation, social theory , and the social studies of

technology; and one article focuse d on research methodologies.

Table 7: Highest number of occurrences in the socio

-technical transitions set

©
] 8o
Exze EE
Kev focus Normalised title of reference % 5’ S % 8 » O
y (normalised during step i of LA Phase 1 _ 2 OE) 9 . &c8
o€ 5C oG8 c
20 g o 2550
E25e |Erge
28 | 2880
Technological technological transitions as evolutionary reconfiguration 5 122
change processes a multi level perspective case study research policy
Transition to system innovation and the transition to sustainability theory
A : . 4 100
sustainability evidence and policy cheltenham edward elgar
Socio-technical " ) - )
transitions typology of sociotechnical transition pathways research policy 5 99
Transition to the governance of sustainable socio technical transitions res 4 88
sustainability policy
Technological
change and technological change human choice and climate change 3 86
environmental resources and technology eds battell
sustainability
. regime shifts to sustainability through processes of niche
Technological . e
formation the approach of strategic niche management 5 77
change . A
technology analysis and strategic management
from sectoral systems of innovation to socio technical systems
Innovation insights about dynamics and change from sociology and 6 64
institutional theory research policy
Social studies of the social construction of technological systems cambridge ma 20 55
technology. mi
Transition to p innovation studies and sustainability transitions the allure of
O . h : : 1 47
sustainability the multi level perspective and its challenges research policy
Transition to experimenting for sustainable transport the approach of 5 35
sustainability strategic niche management london gb r pp ix spo
Interlocking
technological,
institutional and understanding carbon lock in energy policy 2 32
social forces,
climate change
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Sociotechnical the dynamu;s of transitions in socio technical systems a multi

- level analysis of the transition pathway from horse drawn 1 32
transitions ; ;

carriages to automobiles technol anal strat manage
. . technological transitions and system innovations a co-

Socio-technical . : . )

" evolutionary and sociotechnical analysis cheltenham edward 2 31
transitions elgar
Transition to the multi level perspective on sustainability transitions 1 28
sustainability responses to seven criticisms environ innov soc trans
Social theory the constitution of society 24 27
Economics an evolutionary theory of economic change harvar 83 26
Technological networks of power electrification in western society 1880 1930 7 o5
change johns hopkin
Socio-technical of bicycles bakelites and bulbs theory of socio technical change 6 o5
change mi ma
Research science in action how to follow scientists and engineers through

. ) 13 24
methodology society cambridge ma harvar
Technological . - . .
development shaping technology building society and eds mi ma 10 24
When specifically considering the Entries in the technology management body of literature that  referred

to the references that deal t with transitions to sustainability (i.e.

literature that

60 STT Ref that specifiealy ocus ed on socio-technical and/or sustainability transitions. Given

referred to the Reference i

n

t he

Omost

, the articles in the technology body of

p r o mi),nteer?® dccurcemcesrof ap g
references focusing on socio-technical transitions from a sustainability perspective or sustainability

transitions (as a broad term) yield ed a corresponding 17 Entries in the technology management set of
documents. Thus there were 17 technology management Entries that reference d these most prominent

that

the objective was not only to ide ntify references that overlap ped, but also to expand the set of two

identified documents in Table 2, the two articles that reference dt h e

were in fact the two articles that were present in both bodies of literature

6 most

prominent
(referred to in Table 1) A

namely, the work of Dolata [7] and of Wells and Lin [6], clearly highlighting again the very limited overlap
between these two bodies of knowledge.

Further considering the Entries, the references that deal t with transiti ons to sustainability ( i.e., the articles

in the technology management body of literature that

referredto t h e

references

in the

overlap group), and by considering the keywords used in these Entries, it was clear that the key concepts
were analysed
for both sets of Entries in Part 1 of this investigation [5]. Figure 3 shows the most prominent keywords and

that were addressed were in line with the findings when the most frequently used keywords

6keyword

g r o u p sHntrids.oFtom this, amd asthighdighted earlier, innovation, technology

, and

sustainability were areas in which the technology management and socio-technical transitions bodies of
literature overlap ped. However, &socio-technical transitions dwas also present as a keyword.

Innovation

1

Innovation

Innovation strategy

Organisational innovation

Technological innovations*

Paiterns of innovation

Radical innovation

Technology and innovation studies*

Technological innovations

Other technology
related keywords

Technology

10

Technologica change

Communications technology

Technological innovations*

Technology

Technology system

Marine technology

Technology and innovation studies*

Technology strategy

Technological regimes

Technology
management

Technology management

technology

Strategic technology management

Sustanability

[sustainability

| Sustainable development

Socio-technical
transitions

4

Socio-technical transitions

Socio-technical transformation

Socio-technical change

Regime transformations

N I NI G I G G G I (0 10 (3 1 LT 1 13 [ PN P [ [N SN BN

* Keywords in both the "Technology' and 'Innovation’ keyword groups.

Figure 3: Mo s t

prominent

keywords

and

6keyword
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From the above analysis, it can b e concluded that there was an overlap at a high level and in respect of
broad concepts (such asinnovation, technology , and sustainability) ; but even these overlaps were based
on a very small part of the data sets gathered at the start of the linkage analy  sis. The extent to which one

had to delve into the data sets to find arguably minuscule overlaps in concepts was vast, and such concepts
were then only indicative of overlaps and the integration of concept s at a high level and in broad terms.

The next section considers the correspondence and cluster analys es of the 119 references considered to
represent the overlap between the bodies of literature of technology management and socio -technical
transitions (as shown in Table A.1).

3.2.1.2. Correspondence analysis and cluster analysis

For the correspondence analysis, the standardised residual® for each of the references (Ti-Ti19) was
calculated and subsequently displayed on a plot showing the varying de grees of the strength of the
prominence of the references to either the technology management domain or the socio -technical
transitions domain. The plot is shown in Figure 4. The greater the negative standardised residual, the less
prominent was the relationship with a domain, and the greater the positive standardised residual, the more
prominent was a reference in a specific domain. This also mean t that the closer the standardised residuals
were to zero, the smaller the difference in the prominence of such references in the respective bodies of
literature, as well as a relatively significant overlap.  Figure 4 shows the references in Table A.1, given their
prominence in either the technology management or the socio-technical body of literature , based on their
unit variance °. For example, a reference with a higher occurrence in the technology management body of
knowledge will be placed closer to the technology management coordinate value in  Figure 4%°. The closer
the coordinates of a refer ences (T1 fi Ti19) are to zero, the more equal the occurrence in both bodies of
literature , since the standard residual of such references are close to zero.

1D Plot of Row and Column Coordinates for Dimension: 1
Input Table (Rows x Columns): 119 x 2
Standardization: Row and column profiles
Eigenvalue: .61337 (100.00% of Inertia) Contribution to Chi-square: 3125.1

2.0

1.5

1.0

0.5

0.0

Coordinate Value

0I5

-1.0 STT
m]

-15

-2.0
Row Coordinates Column Coordinates

Figure 4: Plot showing the varying de gree of the strength of the relationship / prominence of
references in either the technology management (TM) domain or the socio  -technical transitions (STT)
domain

8 The standardised residual is calculated by dividing the residual (which is the difference between the observed and  the
predicted value of some variable) by the square root of the residual mean square. This produces scaled residuals that
have, approximately, a u nit variance.

9 Variance is a measure of variability , defined as the expected value of the square of the random variable around its
mean (see alsothe previous footnote).

101t should be noted that the coordinate value is used as the standardised residual a longside an arbitrary value (that is
the same for all References) in order to show graphically the spread of References and that some are more strongly
linked to the technology management body of literature  while some are more strongly linked to the socio-technical
transitions body of literature.
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Subsequent to the correspondence analysis, and based on the calculated standardised residuals, a cluster
analysis was performed. A cluster analysis aims to group data objects or data points on the basis only of
information found in the specific data that describe such data points and the relationship between data
points. The goal of cluster analysi s is to group data objects together in a cluster that  are similar (or related)
to one another. The greater the similarity between the data points in a specific group, and the larger the
differences between different groups, the more distinct the clusters.

For the purposes of this study, the goal of the cluster analysis was to determine  whether, from a statistical
perspective, there were references that could be grouped together (clustered) in order to draw insights
from such clusters about the overlap lan dscape between the technology management and socio-technical
bodies of literature (depicted here as the TM or STT domain s). Again, as mentioned, the references used
by the Entries of these two bodies of knowledge were considered in order to evaluate the ov erlap, as only
two Entries were found in the overlap (referto Table 1).

The correspondence and cluster analyses provided an abstraction from the individual data points presented
in Table A.1 to the clusters in which those data points reside d. In this specific case, when data points (i.e. ,
the references) were grouped in the same cluster, it mean t that such references had similar standardised
residuals, and therefore ha d a similar prominence in the ir respective bodies of literature.

Figure 5 shows the dendrogram that was developed on the basis of the references presented in Table A.1
and the correspondence analysis discussed above. FromFigure 5, depending on the selected linkage data,
a number of different sets of clusters can be identified. In  Figure 5, as depicted by the red line, a linkage
distance of 31.581 yields five clusters. The selection of a linkage distance to identify clusters is a subjective
decision. When considering the dendrogram in Figure 5, one can see that there are either three (should a
linkage distance of between 50 and 60 be taken) or five (should a linkage distance of between 20 and 50
be taken) distinct clusters. The alternative s to this would be nine or 12 clusters if a linkage distance of
about 11 or 5 respectively were selected. It is argued that, given the results found with the selected linkage
distance (31.581) and the five clu sters that this yields, sufficient insight is given into the overlap landscape
for the purposes of this study .

Tree Diagram for 119 Cases
Ward's method
Euclidean distances
Exclude cases: 120

o o]

tH“ LS50 T

|

= hd

0
50 |

100
150
200
250
300
350

31.5816978

Linkage Distance

Figure 5: Dendrogram developed based on the references presented in Table A .1 and the
corresponding correspondence an alysis

Figure 6 shows the cluster membership of the five clusters resulting fr om the dendrogram, clearly indicating
the domain within which each cluster (and therefore the references contained in each cluster) is more
prominent. Clusters 1, 2, and 5 (and thus also the references associated with these clusters) have a greater
prominence in the socio -technical transitions body of literature than in the technology managemen t body
of literature (relative to the other clusters , a greater positive standardised residual for socio -technical
transitions, and relative to the other clusters a greater negative standardised residual for technology
management), with cluster 2 (with ave rage standardised residuals of -0,58 and 0,88 for technology
management and socio-technical transitions respectively) having the average standardised residuals closest
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to zero, indicating a relatively high degree of similarity in the prominence of the refe  rences in the
respective bodies of literature, as well as a relatively significant overlap. Clusters 3 and 4 have a greater
prominence in the technology management body of literature than in the socio -technical transitions body

of literature A namely, positive standardised residuals for technology management, and negative
standardised residuals for socio-technical transitions .

F(4,228)=1133.447, p<0.01
Vertical bars denote 0.95 confidence intervals

14.4

12.0

9.6

72

4.8

24 ¢

0.0 r

standardized residual

2.4}
48 |

7.2

96 =%~ domain

1 2 3 4 5 ™
=&~ domain

Cluster Membership STT

Figure 6: Cluster membership

Figure 6 shows the clusters across the set of references shown in Table A.1. The five clusters identified
through the correspondence and cluster analyses described above are discussed below.

1

Cluster 1

As discussed above, the references in Cluster 1 were strongly associated with the STT domain, and thus
with the socio-technical transitions body of literature. In othe r words, these references, relative to
the other references identified in this overlap between the technology management and socio -
technical transitions bodies of literature , consider topics that are explicitly and directly related to
conceptual framings of socio-technical transitions and/or sustainability transitions i namely, the
governance of socio-technical transitions, transition to sustainability theory, and a typology of socio -
technical transition pathways.

Cluster 5

Similar to Cluster 1, Cluster 5 a Iso had a stronger association with the socio -technical transitions body
of literature than with technology management. However, the references  were less prominent in the
socio-technical transitions literature than the references in Cluster 1, and  were more prominent in the
technology management body of literature than the references in Cluster 1. When the references in
Cluster 5 were considered, even though they were still strongly associated with socio -technical
transitions and transition pathways from a conceptual perspective, some more applied and/or case
studies based on sociotechnical transitions were present. Another theme that was evident here was
the social aspects that have to be considered when technology and the impact of technology are
considered.

Cluster 2

Considering the outcome of the correspondence and cluster analys es, Cluster 2 had a slightly stronger
association with the socio -technical transitions body of literature than with the technology
management body of literature (see Figure 6). As might be expected, the references in this cluster
were not concerned with s ocio-technical transitions, from neither a conceptual nor a practical/applied
perspective fi as was the case with Clusters 1 and 5; however, the references in this cluster were
concerned most prominently with economics, technology -related topics (competing technologies,
technological paradigms, and technology in organisations), innovation, and also articles dealing with
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research methodology. One article deal t with social science. Interestingly, the Brundland Report (1987)
was also found in Cluster 2.

9 Cluster 4
The references in Cluster 4 had a stronger association with the technology management body of
literature than with the socio -technical transitions body of literature (see Figure 6). When the 47
references in this cluster were briefly considered, themes and topics that were evident include d
technology-related themes (such as technology acceptance, technology roadmaps, and technical
change), innovation, economics, organisational theory, strategic management and competitive
advantage, and social science. A number of references were concerned with research methodology.
However, here there was no clear coherence between th e topics addressed by these references, like
the references in Cluster 1 and Cluster 5, for example (but to a lesser extent). Both Cluster 2 and
Cluster 4 had standardised residuals that were relatively close to zero for both the technology
management and socio-technical transitions bodies of literature ; thus the fact that no clear themes
emerged from these clusters is not surprising.

 Cluster 3
Cluster 3 is the one that had the strongest association with technology management, but not as strong
as that of Clusters 1 and 5 with socio-technical transitions. Even though the association with technology
management was relatively similar to that of Cluster 4, there  was a noticeable difference in the
prominence of these references with the socio -technical transiti ons body of literature compared with
that of Cluster 4 (see Figure 6). The topics covered seemed slightly more defined in Cluster 3 than in
Clusters 4 and 2, with innova tion being a theme/topic that emerge d quite strongly. Similar to Cluster
4, topics related to strategic management and competitive advantage and organisational theory  were
also present. A number of references addressed research methodology. It is worth not ing that the
references in this cluster were more obviously focused on the organisational level as the unit of analysis
than clusters with a stronger association with the socio -technical transitions body of literature.

3.2.2 Most significant overlaps (ab  solute values)

When the O6most si gnthofeiiderdifired id Sectore2 undep 4 A Phase 5: Resultswere
considered fi this was taken as all overlaps where the number of times thata reference was used / occurred
in the technology management set and the number of times that a reference  was used / occurred in the
socio-technical transitions set was at least five ! or higher ii 37 references emerged (as shown in Figure 7).
Not surprisingly, of these 37 references, 30 wer e al so in either the 06most
also had a presence in the technology management body of literature), orin the most prominent technology
management references (that also ha d a presence in the socio-technical transitions body of literature), or
in both. Also, as could be expected, given the outcome of the cluster and correspondence analys es above,
all 15 references that were in Cluster 2 were also present in this set of references. Furthermore, if the
references that form ed part of Clusters 1, 3, 4, and 5 were considered, the distribution in terms of
prominence between technology management and socio -technical transitions was relatively equa |, with 10
references (Clusters 1 and 5 in Figure 7) being more prominent in the socio -technical transitions body of
knowledge, and 12 references (Clusters 3 and 4 in Figure 7) being more prominent in the technology
management body of knowledge.

As also could be expected fi especially given the insignificant overlap between the two concerned bodies
of knowledge when considering the small number of documents ( two) found in the combined search (refer
to Table 1) i1 the overlap considered in Figure 7 was not indicative of any specific dimensions across which
these bodies of knowledge shared intellectual roots; some of these references were sources that discussed
research methodologies and/or seminal papers, and so were expected to be present in these (and other
trans- or multidisciplinary) fields . This was not because the content relat ed to either socio -technical
transitions or technology management, but rather because of the foundational concepts discussed in such
documents, and they could be considered to have a high likelihood of being present in most multi - and
trans-disciplinary bodies of knowledge that consider management sciences, engineering, technology , and
social sciences. However, these 37 documents were analysed further to identify relevant overlaps and to
infer A at least to an extent A the intellectual roots shared between the technology management and
socio-technical transitions bodies of literature. The authors and year of publication of the references under
consideration here are shown in Figure 8 and discussedbelow.

1 The average overlap across the 119 references in Table A.1 was 4.3; thus the most significant overlaps were those that
were above average fi at least 5.
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Figure 7: Most significant reference overlaps and clusters
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references in the most significant overlaps (absolute

When considering the references shown in Figure 8, which were deemed the most significant overlaps in

terms of the references found in the TM and STT bodies of knowledge respectively, eight

were concerned

with the science of research and/or r esearch methodologies ( d e n o t e d Figure 8)5theserwere the
studies of Strauss and Corbin (1998), Eisenhardt (1989), Yin (2002), Miles and Huberman (1994), Latour
(1978), Glaser and Strauss (1967), Kuhn (1962) and Eisenhardt and Graenber (2007). These eight references

could be considered indicative of an overlap in

were not indicative of the dimensions across which these bodies of knowledge shared intellectual roots.

Of the remaining 29 references (thus excluding the references that

research and/or research methodologies ):
1 Seven focused oneconomics, economic development, o
Figure 8). These were the studies of David (1985), Granovetter (1985), Dosi etal. (1988), Schumpeter
(1942), Schumpeter (1961), Nelson and Winter (1982), and North (1990) .

r economic theory ( denot ed

respect of research methodologies and/or approaches , but

were concerned with the science of

Wi
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1 Seven focused on innovation and innovation studies ( denot ed Wiguteld). Thésé werethe
studies of Henderson and Clark (1990), Rogers (1995), Lundvall (1992), Christensen (1997), Geels
(2004), Hekkert et al. (2007), and Van de Venet al. (1999).

1 Ten focused on technological related themes such as technology adoption, tec ~ hnological change,
social studies of technology , and technological development ( denot ed \iguret8). Dhése i n
were the studies of Artur (1989), Hughes (1983), Dos (1982), Mackenzie and Wacjman (1999), Kemp
etal. (1998), Bijker and Law (1992), Andersonand Tushman (1990), Geels (2002), Orlikowski (1992),
and Bjiker et al. (1987).

1 Two focused on social studies ( denot ed wHigurd8). dtede wera the studies of Giddens
(1984) and Di Maggio and Powel |l (1983). ThiguB8undt I
was also part of this set of references .

1 Twodocuments fi the studies of Bijker (1995) and Geels (2007) fi focused on socio-technical change
(denot ed wiRighre §.$ldowe\er, Bjiker (1995) did not consider socio-technical change
from a sustainability perspective, but rather describe d where technologies come from and how
societies deal with them. The wo rk by Geels (2007) considered various transition pathways for
devel opment al ong 06t e chbunhasbmoiwittcaspecific foa$ om sustainabiliy.s 0 ,

It is interesting to note that two of the  above-mentioned 29 articles i the studies of Hekkert et al. (2007)

and Geels (2007)fi formedpar t of t he 0 StheBllEatib-techrdcal fangition aricles referred

to in Table 1). None of the 29 articles under consideration here wasal so found in the 6TM
740 technology management articles referred to in  Table 1).

4 DISCUSSION

The linkage analysis highlighted the most prominent areas of overlap between the technology management
and socio-technical transitions bodies of literature , based on the references that the docum ents (Entries)
in these bodies of literature cite d. The linkage analysis yielded 119 references (out of a possible 17 445
socio-technical transitions references and 112 498 technology management references) that were present
in both bodies of literature, t hus representing the overlap ping documents cited by the respective bodies of
literature. As stated, significant or prominent overlaps  were identified (refer to LA Phase 5: Results in
Section 2); however it is argued that the criteria used to identify such  significant or prominent overlaps
were justified , given that they allowed for all overlaps of five or more to be included in the set, as well as
any overlapsthat were lessthan five but that were in the top half of references in either one of the bodies
of literature. This mean t that 0.007% of the sociotechnical transitions references were also technology
management references, and 0.001% of the technology management references were also socio-technical
transitions references fi the second quantitative indication that there is a disconnect between these two
bodies of literature.

The areas of focus that emerge d when the references with the highest number of occurrences in the

respective bodies of literature, as well as the sevenr eferencesthatfel | wi t hin both the o&r
STTOd and the Omost p r owerercensideredT(dfér tor €able 6 &nd Tabls 7), were
innovation, strategic management and competitive advantage, economics, technological change, socio -

technical transitions, and social studies. An expanded set of articles was established , and the keyword

analysis of this set of articles again highlight ed that the areas of (limited) overlap were strongly geared

towards innovation - and technology-related concepts . I nterestingly , only here (at this significantly detailed

level of analysis) did technology management and socio-technical transitions feature.

The correspondence and cluster analyses highlighted similar findings ; the areas of overlap related to :

science of research and/or research methodologies;

economics, economic development, and economic theory;

innovation and innovation;

technology-related themes such as technology adoption, technological change, social studies of
technology, and technological development;

strategic management and competitive advantage;

social studies; and

socio-technical change.

PR

Nowo

It is interesting to note the trend that , as one moved through the clusters from those with the most
prominence in socio-technical transitions to those with a stronger prominence in technology management,
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it was clear how the references increasingly deal t with a unit and level of analysis that was at the level of
organisations in Cluster 3, as opposed to at the macro-level of society or the economy in Clusters 1 and 5.

Taking a step back, and considering the total number of references found in the two  data sets (17 445 and
112 498 for the socio-technical trans itions and technology management data sets respectively; refer to

Table 1), the overlap discussed above (of 29 references) was arguably negligible. Even though insights have
been gained from considering th e overlaps, they remain apparently insignificant.

5 CONCLUSION

From the various analyses performed and documented in this investigation (both Part 1 [5] and the current
Part 2), one could conclude that the level of integration between the fields oft  echnology management and
socio-technical transitions is tiny. The overlaps that have been highlighted throughout this study, and that
are summarised in Section 4, are primarily in respect of key concepts that are present in both bodies of
literature, but a rguably only at an aggregate level. There are no overlaps that emerge in respect of
conceptual framings that are fundamental to either technology management or socio -technical transitions.
It could be argued that the overlaps highlighted in these papers ar e partly as a result of the nature of the
two bodies of literature, in that they are inter -, trans -, and multidisciplinary.

Ultimately, from the research and analysis conducted and discussed throughout this  study, and the multiple
perspectives from which the overlap of and integration between technology management and socio -
technical transitions ha ve been considered, it is conc luded that the fields of technology management and
socio-technical transitions have not been integrated at a conceptual or theoretical level.

An interesting observation is that there is one technology management concept that emerges, even though
in the b roader scope of things, it could be considered still to be a limited emerging theme in both bodies

of literature: technology roadmapping . This theme was found three times in Cluster 3 and twice in Cluster
4. Even though this is not indicative of a signific ant overlap of conceptual framings, it can be noted as an
emerging area where technology management and socio-technical transitions might have been integrated.

Even though there is clear evidence that the fields of technology management and socio -technical transition
are not integrated from a conceptual or theoretical perspective, it is evident that they do share intellectual

roots across a number of dimensions fi primarily those concepts related to innovation and technology.
However, the unit and level of analysis at which these key dimensions were used in their respective fields
largely differ ed: the unit and level of analysis was at the level of organisations in Cluster 3 , as opposed to
the macro-level of society or the economy in Clusters 1 and 5 ; and the unit and level of analysis was at the
level of organisations in Cluster 3, as opposed to the macro-level of society or the economy in Clusters 1
and 5.

It can thus be concluded that the integration of socio -technical transitions approaches, concepts,
frameworks, and aspects with those of technology management theories and practices, and vice versa, are
not adequately addressed in the literature. Given the role of technology, and  of its management, more
research efforts are required across these bodies of knowledge to address the grand challenges [3], [4] and
to enable a just transition to sustainability.

An important area for future research would be the further integration of technology management and
socio-technical transitions concepts. For example, the various modes of interaction that have been defined
between technologies could provide for further cl arification o f technology management considerations. It
is commonly accepted that the mode of interaction between technologies can shift from one mode to
another, and soit is suggested that specific technology management strategies be developed for each m ode
of interaction. It is also important to note that multi  -mode interactions between technologies are possible,
and that technologies can thus interact according to a number of interaction modes. Incorporating these
theoretical notions into  future researc h would add further value to the debate about how technology should
be managed in the context of transitions.

Given the comprehensive investigation into the extent to which technology management and socio -
technical transitions have been integrated, and the conclusion that there is no concrete evidence of
integration of or significant similarity in the foundational concepts used in both bodies of literature, it is
evident that there is a need for more informed, nuanced , and sophisticated theories, frameworks, models,
tools, and techniques to support our understanding of how and where to integrate the concepts of
technology management and socio-technical transitions. Similarly, future research needs to provide
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guidance on how socio-technical transitions and technology management research could advance in a way
that addresses critical issues regarding epistemological t ensions, problem identification and definition,  the
selection of system boundaries, the unit and level of analysis, and the role of technology management
research in relation to socio -technical transitions research, and vice versa.
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APPENDIX A

Table A. 1: References used by both the technology management and socio
scientific networks where  (significant) overlap(s) occur.

-technical transitions

Continues on next page...
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