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Abstract--Innovation collaborations experienced a
substantial growth, so that the research interest in factors
contributing to successful collaboration increased. One
important factor in this context are distances like technological
and geographical distance. The distinction between objectively
calculated and individually perceived distances provides
possible starting points to bridge high distances. Therefore, the
study at hand aims to answer the following research question:
How are calculated technological and geographical distances
related to their perceived counterpart and how do these
different distance dimensions influence each other?

The data is collected from an interdisciplinary battery
research project. The calculated technological distance is
measured via a publication-based approach while the calculated
geographical distance is defined as the distance between the
respective working places. Perceived distances, in contrast, are
received via an online questionnaire. The influence model
confirms a positive relationship between the calculated distance
dimensions, technological and geographical distance, and their
perceived counterparts. However, respective measures do by far
not entirely overlap, so that the perceived ones are further
influenced by factors like e.g. scientific background or shortest
travel time. This approach is especially promising to foster
social innovation as the awareness of bridging mechanisms
might provide avenues to deal with technological distance, which
can be assumed to be comparably high in this context.

[. INTRODUCTION

According to Katz and Martin [36] “a 'research
collaboration' could be defined as the working together of
researchers to achieve the common goal of producing new
scientific knowledge.” Respondents of a supply chain
collaboration study add a culture of sharing and a partnering
relationship to the definition of working together [42]. To
achieve such states, a kind of proximity seems to be needed,
which has traditionally been routed in the form of
geographical proximity before means of travel and
communication technologies reached their actual level
[8,22,53,55]. The focus has now turned to a broader
perspective encompassing several dimensions of distance
today. Shearmur [50] notes that “[t]he idea that ‘proximity’
facilitates the acquisition of information for a firm can thus
be understood from a variety of perspectives, and there is no
reason to give pride of place to geographic proximity: social
and other types of proximity can be effective over large
distances, although geographic proximity may be more
important for informal and unexpected interactions”. In
addition, recombining knowledge of two different sources,
i.e. people or organizations, might strongly depend on

technological distance. For instance, Boschma [4] sees a
minimum of technological proximity to be necessary for
innovative collaborations as otherwise mutual understanding
is not possible. At the same time, he introduces the proximity
paradox, not only for technological distance, but also for
other dimensions of distance. The proximity paradox can be
roughly summarized by the idea that on the one side,
proximity enhances interaction and knowledge transfer and
therefore eases innovative collaboration, but on the other side
can create lock-in effects and therefore harm access to new
ideas because people are too close and experienced with each
other to discover new knowledge [4,44].

The resulting and ongoing debate on different dimensions
of distance consequently covers several aspects and
directions. Besides the identification and determination of
more distance dimensions than geographical distance, it
turned out that different dimensions have an objective and
directly measurable dimension as well as a subjective or
perceived one. Siebdrat et al. [52] provide evidence that the
influence of subjective distance is decisive for team
collaboration, whereas objective distance estimates do not
reveal meaningful influence. Furthermore, vom Stein and
Sick [56] reveal in a preliminary qualitative study that
differences between calculated and perceived technological
distances are present in the examined case. While some
studies conclude that about 70% of perceived geographical
distance can be explained by calculated geographical distance
or other respective objective indicators, others conclude that
only 50% of an individual’s perception of distance is
explained by the calculated counterpart [12,59].

A comparable quantitative estimation of the difference
between calculated and perceived technological distance will
first of all add specific insights on methodological issues and
contribute to debates on how to measure technological
distance [3]. Secondly, it might allow for improved
evaluation of collaborations in practice and thus allow for
deducing adequate behavior as the awareness of such
differences might prevent misinterpretation. Accepting a
prominent role of technological distance in innovative
collaboration activities, a better understanding of how
executing researchers within a collaboration project perceive
certain knowledge differences might give new insights on
why some collaborations evolve or are carried out more
easily than others [4].

Assessing the effect of calculated and perceived
geographical distance in an academic project setting might
not just replicate effects within team collaboration. Instead, it
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will give additional insights on the general meaning of
geographical distance for such collaborative ventures and
particularly on the type of geographical proximity required.
Furthermore, reasons why differences between calculated and
perceived measures exist and understanding the respective
mechanisms behind them can help to better align
collaborative behavior in a way that efforts to create
proximity can be avoided where they are not necessary, but
can be created if the necessity occurs to overcome a large
calculated or perceived technological distance. As suggested
by O'Grady and Lane [45], the relationship between
perceived and ‘real’ distances is a further area worthy of
research [27,45]. Thus, calculated and perceived distances
will be strictly separated for the geographical and
technological dimensions in this study. Particularly, it should
be responded to the following research question: How are
calculated technological and geographical distance related to
their perceived counterparts and how do these different
distance dimensions influence each other?

The remainder of this study is organized as follows. The
next section covers the conceptual framework based on
different theoretical perspectives and empirical evidence
before relevant hypotheses are deduced. Afterwards, data and
methods are described while respective results are presented
and discussed in the following section. The study concludes
with a concise summary of the main contributions and
implications, followed by limitations and an outlook on
further research.

II. CONCEPTUAL FRAMEWORK AND HYPOTHESES

A. Distance dimensions
Technological distance

In order to fully grasp the concept of technological
distance, the division of knowledge into know-what, know-
why, know-how and know-who is shortly introduced to
specify areas in which knowledge differences can reside
[13,39]. Know-what covers knowledge about facts and know-
why about principles resulting from scientific laws, human
minds or society [34]. Generally, the field as well as the
depth and breadth of them can substantially vary between
individuals and organizations. If they can be traced back to a
common discipline or comparable similar route, such as the
rationale of a new technology combining principles from
different disciplines, e.g. batteries, they can be seen as basic
knowledge enabling know-how [29,38]. The latter “refers to
skills — i.e. the ability to do something” [34]. As this
constitutes the abilities of applying know-what and know-
why to R&D processes as well as e.g. producing abilities of
certain goods, know-how can be seen as more specialized
knowledge, which nevertheless can also stem from other core
areas within a general discipline [29,38]. Thus, it is possible
that organizations or individuals have similar know-what and
know-why (basic knowledge on e.g. batteries), but
comparably different know-how (specialized knowledge e.g.
towards the application of different cell materials). Know-
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who finally refers to the knowledge about who knows what
(including know-what, know-why and know- how) and the
ability to retrieve it from the resulting network of actors [34].
The network and thus the related knowledge obviously can
strongly differ between two collaboration partners and
probably especially open up access to new knowledge as
indicated by the concept of structural holes [1,7,58]. The
extent of absorptive capacity however might be less
influenced by such differences as it seems to be only relevant
as soon as a certain need for the collaboration or the partner is
identified on their existing knowledge bases comprising the
other three types of knowledge.

The inverted u-shaped relationship between technological
distance and innovation collaboration success is primarily
explained by absorptive capacity and the novelty value
included in the partner’s knowledge [56, 57]. A motivational
factor, which can also be traced back to technological
distance might further influence this relationship and
therefore is explained in the following. On the firm level,
Hinds and Pfeffer [30] identify several motivational
incentives and disincentives for knowledge sharing.
Competition as a disincentive can obviously be transferred to
the collaboration context and related to technological distance
and the NIH-syndrome [29]. Sharing knowledge includes the
risk of losing an expert status. It can enable the receiver to
perform similar or even better than the sender. In that case,
the sender would lose his expert status. The fear on that can
prevent him from sharing knowledge, especially if he does
not expect adequate returns [30]. This might especially be the
case if low technological distance is involved. E.g. if two
scientists work in a similar field (similar know-what and
know-why) and the know-how of the sender enables the
receiver to find a better or faster solution to a scientific
problem, the receiver might receive the glory (e.g. being first
author in a publication) and not the sender. If technological
distance is comparably high, the receiver might especially
fear that his expert status will be attacked as completely
different know-how or even know-what or know-why might
have the ability to replace his know-how and thus makes his
expertise obsolete [29]. Even if he would be able to keep up
with this development, his work routine would at least be
influenced. The general tendency to keep a state or routine to
increase certainty is seen as one prerequisite of the not-
invented-here (NIH) syndrome as external knowledge can
increase personal uncertainty [37,49]. A perceived expert
status of the receiver might further impede him to admit non-
understanding and further asking [29]. As low technological
distance should generally lead to wunderstanding, this
phenomenon might especially occur if high technological
distance is in place. However, as soon as an expert e.g. might
not be able to articulate his knowledge adequately, a receiver
with comparable knowledge might more than ever feel
intimidated to ask. In this line, the knowledge receiver might
not just be hindered to understand and access but also to
appreciate external knowledge [11]. Status hierarchies
represent another motivational factor, which might reinforce
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this negative influence of technological distance on
knowledge sharing. If e.g. a Ph.D. student feels intimidated to
ask a hierarchically superior person (e.g. another research
group’s professor) for advice [30]. The other way around,
some hierarchically superior people might refuse the
application from a person with a lower status to keep their
hierarchical superiority. Again, the fear of being ridiculed
might be especially high at very low and very high levels of
technological distance.

The probably most differentiating characteristic between
calculated and perceived distance is expressed by Wilson et
al. [59]: “[U]nlike ‘objective distance,” which can be
observed or calculated by others, perceived proximity is
known only to the focal person. Perceptions of proximity are
naturally asymmetric; for example, a treasury analyst can
perceive the account manager as proximal without the
account manager having similar perceptions of the analyst.”.
Information on a certain collaboration partner like the
chemical compound a research group works on or a specific
cell setup of another research group add to the cognitive
component as one driver of the perception of technological
distance. Besides such objective categorizations constituting
a cognitive component, e¢.g. measurable by publication- or
patent-data, perceived technological distance might also have
as an affective component [18,32,35,40]. The more familiar
one gets with a research group’s work and knowledge and the
people performing it, the more technological proximate one
may feel towards them. Communication, irrespective of its
form, should also reduce the feeling of technological distance
as more knowledge of the partner will be presented and its
accessibility will be eased by regular and intensive
communication [41]. Commonalities might as well be
identified with respect to knowledge and work as with respect
to other aspects of life of the group participants increasing
familiarity and thus the perception of technological
proximity.

Geographical distance

Geographical distance can be expressed as an absolute
kilometric value that can be calculated by everyone who is
knowledgeable on the two locations which should be
compared and therefore is a continuous measure. Following
that, it might overlook certain aspects on the accessibility of a
partner, which are further determined by means of
transportation and communication technologies [10,54,55].
The logic behind this is that individuals and organizations in
particular evaluate time and costs to create a certain contact
[23,43]. Information and communication technologies (ICT)
offer the opportunity to substitute traveling and resulting
face-to-face contact, which leads to large savings of time and
costs if geographical distance is high [54]. As respective
technologies are still not seen to be a fully substitute of face-
to-face contacts, travel time and costs show a high influence
when geographical distance has to be overcome [23]. Besides
travel time and costs, further temporal effects, particularly
different time zones [46], influence the magnitude of

geographical or functional distance as Coenen et al. [10]
phrase it to highlight the argument of accessibility.

On the team level, the configurationally dispersion of
team members is emphasized as an additional influencing
factor if more than two individuals are involved and
especially dispersed over more than two locations [46,47].
Considering a mean value of geographical distance is easily
misleading as the complexity of coordination rises with an
increased number of people and locations [15]. The mean
value might further strongly under- or overestimate the
geographical distance and thus the travel effort for
individuals who are located especially far or close in
comparison to the other team members [46]. Varying meeting
locations due to the state of the project and resulting location
necessities or the organization premises can also result in
different and changing efforts for the individual team
members to attend them [31].

Time and costs of traveling as well as team member
dispersion are nevertheless real quantities under certain
assumptions like a specific mean of transport at defined costs.
Thus, an objective representation of geographically or
naturally given access advantages or disadvantages, including
transport infrastructure, is achieved by including them in the
definition of geographical distance. The assumption of
equivalent access to different means of transport at the same
costs and time does only conditionally hold true, especially in
the short-run and in an individual’s perception. Although
Torre and Rallet [55] explicitly include the perceptional
aspect of geographical proximity in their definition, they
finally consider it as a physical space data. Others directly
limit their definition to time and cost aspects [10,43,52]. The
latter e.g. name team members’ separation by time zones,
travel time between locations or the ability of the actors to
arrange face-to-face meetings in the duration of one working
day as relevant definitions and quantities [43,52]. Boschma
[4], in contrast, does not entirely elaborate what aspects are
included in the relative meaning of geographical distance.
Some aspects of the perceived part of geographical distance
are included in other dimensions of distance like the adoption
of similar mental maps in organizational distance. As
Moodysson and Jonsson [43] interpret it in a similar way,
relative meaning referring to time and cost aspects should be
kept in the definition in accordance with Siebdrat et al. [52],
but is explicitly limited to such objectively measurable
characteristics here.

To the factors, that drive the perception of geographical
distance besides measureable facts, belong individual aspects
like age, profession or the propensity to take risk [12, 55].
An-open minded person, who is keen on new experiences and
has already experience with geographically dispersed work,
e.g. might encounter a comparable large geographical
distance more an interesting experience than a threat and gets
more easily involved into other modes of communication
than face-to-face meeting. In turn, this reduces the perception
of geographical distance that has to be overcome [59].
Another group of influencing factors results from relational
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aspects. Communication frequency, interactivity and depth
between two individuals are seen as one factor that influences
the perception of geographical distance [59]. The more often
and intensive contacts between involved parties are, the more
should the perception of a certain distance decline due to
increased availability of information. Although the transfer of
these information is mediated and does not include face-to-
face communication [6], it “increas[es] cognitive salience,
reduc[es] uncertainty and envision[s] the other’s context”
[59]. Thus, communication creates awareness and familiarity,
including predictability and understanding of each other,
which then creates a feeling of geographical proximity as
access to the partner and his activities seems easier. By that,
interaction and thus collaboration might become a matter of
course. Identified commonalities, like the same nationality,
common hobbies or shared experiences, represent other
aspects, which basically follow the same logic of reducing the
perception of geographical distance by familiarity [14].
Dense network structures and structural assurance within an
organization or collaboration, e.g. resulting from standard
processes, promises or contracts, follow the same principles
of enhancing communication, familiarity and accessibility
leading to reduced perceptions of geographical distance [59].

The overview on empirical evidence as well as the
discussion within the theoretical distance concept itself
reconfirms further need for clarification of the influence and
interaction of different distance dimensions. To satisfy this
need, a hypotheses concept will be developed in the
following.

B. Hypothesis development

Although some differences between calculated and
perceived technological distance have been found, the logic
underlying the used measures that common knowledge
manifests in addressing the same journals or same topics
suggests a strong positive relationship between them.
Comparable quantitative results exist for other calculated and
perceived distance dimensions [12,27,52]. Following the
assumption that the calculated one presents an objective and
exogenous value driving the perceived one, the following
hypothesis (H) is set up:
H1: Calculated technological distance has a positive effect on

perceived technological distance.

Considering the change logic of geographical distance
(movement), a positive relationship between calculated
technological distance and perceived geographical distance is
suggested [41]. Within the project, it can be assumed that no
permanent movements particularly devoted to one dyad
occur, but that technologically more proximate partners meet
more often at conferences or workshops. Although Hansen
[28] finds a substitution mechanism between geographical
and technological distance, this mechanism seems to be of
minor importance here because a common organizational
framework is given by the project set-up, which already
considers each partner’s location e.g. by respective travel

budgets and focuses on a specific region. Thus, especially as
the influence on the perception rather than the objective
geographical distance is considered, temporary episodes of
decreased geographical distance might be responsible for a
positive influence of calculated technological distance on
perceived geographical distance.

H2: Calculated technological distance has a positive effect on

perceived geographical distance.

Generally, increased calculated geographical distance
comes along with increased travel times and costs and
therefore influences the perception of geographical distance.
Although Coshall and Potter [12] analysis limits this
influence to 50% of variance explained, the overall positive
relationship is undoubted and therefore hypothesized.

H3: Calculated geographical distance has a positive effect on
perceived geographical distance.

Knowledge spillovers and learning are more likely to
occur in case of geographical proximity between individual
research groups. Hansen [28] and Broekel [5] only find a
substitution mechanism, which would give an explanation for
a non-significant or a negative effect. However, it is given
precedence to the change logic of learning by geographical
proximity, supported by interview insights [5,28,56].

H4: Calculated geographical distance has a positive effect on
perceived technological distance.

Learning might also be more prevailing from a perceived
rather than a calculated geographical point of view as it again
at least reflects whether awareness of geographical proximity
and thus knowledge sources exists.

H5: Perceived geographical distance has a positive effect on
perceived technological distance.

Following the logic that perceived geographical distance
or proximity more clearly reflects realized accessibility of
other organizations and resulting knowledge sources, it
should facilitate the influence of calculated geographical
distance on learning.

H6: Perceived geographical distance mediates the effect
between calculated geographical distance and perceived
technological distance.

Furthermore, given the positive influence of calculated
technological distance on perceived geographical distance,
which implies better reachability and thus learning
opportunities, at least a partial mediation effect of perceived
geographical distance between calculated and perceived
technological distance is hypothesized.

H7: Perceived geographical distance mediates the effect
between calculated technological distance and
perceived technological distance.

The resulting interaction model of distance dimensions is
displayed in Fig. 1, containing the relationship between the
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two objectively calculated constructs of geographical and
technological distance and their perceived counterparts as
well as perceived technological distance as the hierarchical
highest dependent variable which should be finally explained
by all other distance dimensions.

Figure 1: Interaction model of calculated and perceived technological and
geographical distance.

ITII. DATA AND METHODS

A. Data collection approach

The battery research project considered here consists of
eleven academic research groups from four German
universities or research institutes and one Japanese university
implicating ten possible dyadic collaborations for each
project partner. Consequently, 110 possible asymmetric cases
result in total. The data collection is based on an online
survey within the project. To receive the answers, a key
informant approach is used that asks for a person that is
knowledgeable of the phenomenon under study, able and
willing to communicate with the executing researcher [9,33].
This approach is further seen as convenient for the
participants because an e-mail distribution via an included
link ensures easy access and the point in time of completion
can be chosen individually by each participant [19,51]. At the
same time, costs and time effort are kept in a convenient and
acceptable range for the executing researcher [17].
Nonetheless, answering all questions for all ten partners
seems to be a time consuming task. Therefore, the cases have
been split into sets of three cases constituting one
questionnaire. As the availability of more than three key
informants does not seem to be likely in most cases, the
eleventh project partner, who might not interact as regularly
with all project partners due to its location in Japan, is
introduced as a voluntary option at the end of each
questionnaire.

B. Measures

Calculated technological distance is measured via a
publication-based approach using the min-complement
distance [56,57]. A detailed discussion of different distance
measures can be found in vom Stein et al. [57]. As no specific
measures for perceived technological distance are known in

literature so far, their operationalization is based on indicators
measuring technological distance used in surveys as these
should capture participants’ estimation or perception on the
topics raised [17,26]. The scale developed by Cummings and
Teng [46] for knowledge distance is used here and adapted to
a two partner’s relationship context. As a main purpose of
this study is to detect influences that drive the perception and
especially differences of perception and objective
calculations, additional indicators used in other studies or
mentioned during expert interviews are added in order to
allow for additional explanations [56]. Following existing
items, most of them are framed in terms of proximity but
have been recoded to terms of distance by inverting the
Likert-scale before analysis to display the same direction as
calculated distance dimensions.

Calculated geographical distance is defined as the distance
between the respective working places. A research group’s
location is generally determined by its address as current
route planners and distance calculators use this information as
standard input format. The website ent-
fernungenberechnen.com is used for beeline calculation. It
provides estimations in kilometers and miles with two
decimal places. The latter might be of importance to
differentiate between the nearly co-located research groups of
one university or research center and those being real
neighbors. For four research groups, another approach is
needed because they are located within a research center,
whose  exact addresses are not available at
entfernungenberechnen.com or other navigation tools due to
its non-public status. The not to scale visitor map of the
research center is used to identify the locations as precisely as
possible within Google Maps to receive an approximation of
geographic coordinates, which are then fed into the
calculation tool instead of the addresses [25]. Following
comparable approaches of geographical distance estimations,
the derived geographical distances are log-transformed
afterwards [52]. The operationalization of perceived
geographical distance is based on Hoegl and Proserpio’s [31]
measure for subjective distance between team members. As
different research groups are considered here instead of
individuals within one team, two of the items seem to be
inappropriate for most of the investigated collaboration pairs
and are therefore eliminated. The remaining two items are
adapted to investigate perceived geographical distance
between the different project partners. The first one asks if
partners are located too far away to move the project along
smoothly while the second one asks if partners work nearby,
so that they could visit each other without much effort.

A primary source of variance in the perceived distance
measures not explainable by the supposed independent
variables, which should be controlled for, may result from
other distance dimensions. Therefore, organizational distance
(OD) is used as one control variable to divide whether both
partners have a university or a research institute’s background
or if one partner has a university and the other a research
institute’s background resulting in a dummy variable [16,20].
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This separation is based on an existing broader approach
distinguishing between academic and non-academic partners
whereby universities and other research institutes are grouped
as academic [20]. As the adaption to the university and
research institute’s difference consequently might be of less
importance, a minor influence can again be deduced which
nevertheless is controlled for. A group’s general attitude
towards and experiences within the project might further
influence the perception of distances towards the partners. As
being part of the project usually is related to certain research
aims, an indicator of project performance for the individual
research group (success) is introduced to control for variance
resulting from positive or negative experience with the
project. As a third control variable (membership) a dummy
variable is introduced capturing whether the participant
started working in the research group before the project
started or afterwards to control for variance which might
either result from a lack of familiarity with the respective
research group or from a specific identification to the project.
The latter might e.g. occur if someone is directly employed
for the project and can focus on respective tasks rather than if
he is carrying them out in addition to already existing tasks in
other projects.

IV.RESULTS AND DISCUSSION

In total, 25 questionnaires were completed resulting in 79
cases as four participants answered the voluntary fourth case.
72% of the possible asymmetric cases are finally covered
within the data and constitute the distance interaction data set
or model in subsequent analyses.

The scientific background of survey participants
comprises four different disciplines, which are all associated
to battery research. 48% of the participants show a chemical
background, while engineering, material science and physics
are represented by 16%, 20%, and 16% of the participants,
respectively. As it has to be kept in mind that some of the 25
questionnaires could have been answered by one person, an
overestimation of one discipline is not unlikely. Nevertheless,
it confirms the interdisciplinary nature of the project
considered. Even more differences can be found on a lower
hierarchy level of disciplines. As a couple of differences
results in single cases, quantitative data is only provided for
aggregated major discipline level. Differences among the
chemists, especially between inorganic and physical
chemists, as well as different types of engineers are present in
the survey and thus in the project.

Large research projects, as the one considered here,
usually comprise funds not only for material resources but
especially for human resources. The fluctuation of young
researchers is usually quite high as e.g. the duration of Ph.D.
studies lies around four years and is tried to be limited to
three years. Thus, it is likely that new research group
members are particularly hired for or during a project of that
size. This is confirmed by observing the participants of the

survey whereof 48% have worked in the research group
before the project started while 52% joined later on.

We first analyzed a base model comprising the influence
of calculated geographical and technological distance on
perceived technological distance as well as the control
variables (see Fig 2).
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Figure 2: Base model testing the influence of calculated technological and
geographical distance on perceived technological distance.

Within this base model, calculated technological distance
reveals a significant positive impact on perceived
technological distance, lending support to hypothesis 1. No
support is given for hypothesis 4, as the path coefficient
between calculated geographical and perceived technological
distance is slightly negative and not significant. The direct
effect of calculated geographical distance on perceived
technological distance is not significant. The R’*-value of
0.190 seems to be improvable as less than 20% of variance of
perceived technological distance is explained. Perceived
geographical distance is introduced next and the full model is
depicted in Fig. 3.

<cGD

070044+
t=10357 -0.229
f2=0.789 t=1436
£ =0031 R?=0212
Q@ =0103
0231 —
R: : 0.478 [)GD t=1593 PT]D«
im0l ._- £1=0035 <

0.208+*
t=2.000
f =0.046

0.038

-0.025 -0.223%#
- t=0374 S t=2.034
, Success
("TD 02074+ 0.067
o t=2.441 - t=0.874
Membership |
-0.104 0.105
t=1.435 t=1215
oD |

Figure 3: Path model of calculated and perceived technological and
geographical distance.
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When perceived geographical distance is included in the
model, the relationship between calculated and perceived
technological distance stays positive and significant adding
further support to hypothesis 1. In contrast to that, no support
is found for hypothesis 2 as the path coefficient between
calculated technological distance and perceived geographical
distance is comparably small and not significant. A
significant direct effect between the independent variable
(¢cTD) and the mediator (pGD) is a necessary condition for a
mediation effect and as no considerable reduction of the path
coefficient between calculated and perceived technological
distance occurs. Furthermore, the direct effect of perceived
geographical distance on perceived technological distance is
not significant, which first of all indicates rejection of
hypothesis 5. Secondly, this substantiates the rejection of
hypothesis 6 which hypothesized perceived geographical
distance to be a mediator between calculated and perceived
technological distance. Thirdly, the hypothesized mediation
effect between calculated geographical distance and
perceived technological distance by perceived geographical
distance (hypothesis 7) also has to be rejected. However,
strong support is indicated for hypothesis 3 as the direct
effect between calculated and perceived geographical
distance is positive and highly significant. The decrease of
the path coefficient between calculated geographical distance
and perceived technological distance from nearly zero (-
0.067) to -0.229 might hint at a suppression effect, but the
path coefficient is not significant. The R*-value of perceived
technological distance increases slightly after adding
perceived geographical distance to 0.212. The results of
hypotheses testing are summarized in Table 1.

Calculated technological distance only reveals a
significant positive influence on its perceived counterpart.
This first of all confirms that calculated and perceived
estimates of the technological distance dimension do not
measure completely different things. However, the R*-value
of perceived technological distance is only 0.19 in the
distance interaction model including calculated geographical
and technological distance as well as the control variables.
The simplest model only including calculated and perceived
technological distance reveals that only 9.1% of the latter’s
variance are explained by its calculated counterpart as well as
only weak predictive relevance of calculated technological
distance on its perceived counterpart is revealed. Irrespective

of other factors that are included in the model, this confirms
that the perception of technological distance deviates from
publication-based calculated ones. Thus, comparability of
respective studies operationalizing technological distance in
different ways cannot carelessly be undertaken.

Other external and more or less objective factors might
further add to the explanation of perceived technological
distance, which are not covered in publication-based
calculated technological distance. A first one, scientific
background, has already been tested in a group comparison
and by dummy coded variables. Although only the material
science dummy coded variable reveals a significant influence
on perceived technological distance if all dummy coded
variables are included at the same time, the R%value of
perceived technological distance clearly increases then. Thus,
scientific background adds to the explanation of perceived
technological distance, which might also explain the less
pronounced effect of calculated technological distance. Some
shared variance between calculated technological distance
causing that effect seems to be at least logical as the
separation  into  participants’  background  removes
heterogeneity among them but not among the academic
background of the different research groups, whose
knowledge or behavior they have to evaluate. Therefore, as
long as each research group is still related to a particular
scientific field resulting in respective publications, an
interrelation of the two indicators should remain. Other
objective indicators driving perceived technological distance
might be conference attendance, projects a research group is
involved in, other collaboration partners, institutional
affiliation within a university, lecture topics or applied
equipment in research activities. In all cases, it can be
assumed that revealed similarity by e.g. joint conference
attendance or utilization of the same analytical instruments,
might increase the perception of proximity while revealed
differences by e.g. being affiliated to different scientific
departments as inorganic chemistry and electrical engineering
might increase the perception of distance. Applied equipment
is included in the perceived technological distance scale by
the similar resource item. In contrast to some expectations, it
aligns well with the other indicators of perception. Therefore,
it seems even more reasonable that an obvious evaluation of
such differences could add to explain perceived technological
distance.

TABLE 1: SUMMARY OF THE RESULTS OF HYPOTHESES TESTING BETWEEN DIFFERENT DISTANCE DIMENSIONS.

Direction /

Exogenous variable/ mediator

Endogenous variable/ mediated relationship

mediation

H1  Calculated technological distance (¢TD) + Perceived technological distance (pTD)

H2 + Perceived geographical distance (pGD)

H3  Calculated geographical distance (¢cGD) + Perceived geographical distance (pGD)

H4 + Perceived technological distance (pTD)

HS5  Perceived geographical distance (pGD) + Perceived technological distance (pTD)

H6 m Calculated geographical and perceived technological

distance (cGD and pTD)
H7 m Calculated and perceived technological distance (¢TD

and pTD)
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The whole network of a research group has to be
mentioned to get an impression of the availability of other
named obvious indicators that might drive the perception of
technological distance. While the existence of the same or
similar official collaboration partners might be objectively
observable, this might not hold true for other informal
contacts. Complementarities in research activities or the
research focus on e.g. a single element of the battery like
polymer electrolytes or the entire cell might further drive
perceived technological distance. In accordance with findings
for differences of calculated and perceived geographical
distance, other personal characteristics than scientific
background, like age, risk aversion or open-mindedness
might drive perceived technological distance as well [12,55].
Particularly age might become a stronger influence factor on
the perception of technological and geographical distance due
the so-called digital natives, who are about to start their
professional careers in academia and industry. The young
generation of scientist and engineers, who have been using
internet, tablets and smartphones ever since, might perceive
geographical distance as less important because they are
already used to communicate online via video conferences,
chats, mails and voice over IP, e.g. Skype. In this respect,
digital natives might tend to perceive less geographical
distance when working at different locations (e.g. project
consortia) or even in different countries (not at all
uncommon, e.g. for EU-funded projects). The same holds
true for technological distance since learning and especially
life-long learning to decrease technological distance are
natural and self-evident for the younger generation. In
addition, information and knowledge, the groundwork of
learning, are much more at hand and easily accessible for
digital natives. On the other hand, the present study covers
academic working groups where learning and new knowledge
creation are core competences, so that perceptions may not
vary that widely here. To derive more detailed explanations
concerning differing perceptions of younger generations, we
would encourage further research to include variables that
allow controlling for age or familiarity with digital
technologies.

Besides these factors the timely development or
dynamism of calculated and perceived technological distance
has to be considered as explanation. The aggregation of a
research group’s publications to approximate calculated
technological distance can cover several years, while the
estimation of perceived technological distance is surveyed at
the actual point in time. It seems to be reasonable that all
knowledge stays at least to a certain extent within a research
group and that aggregation therefore creates more general and
robust estimations [3]. In contrast to that, the collaborating
partner might be more focused on recent activities and
knowledge relevant to the collaboration when evaluating the
respective knowledge base.

In contrast, calculated technological distance does not
reveal any significant influence on perceived geographical
distance. A positive relationship towards perceived

geographical distance was assumed due to better accessibility
at e.g. conferences or workshops. While this might still hold
true in a broader context, several reasons why it does not hold
in the project context evaluated here can be found. First of
all, the project is on a common research topic, batteries,
which makes attendance of the same conferences by all
participants a lot more likely than in comparing research
groups from completely unrelated fields especially as several
conferences particularly devoted to batteries are held.
Secondly, the introduced examples of facilitated temporary
co-location might be outbalanced by regular project meetings,
which are attended every half a year by all project partners.
Thirdly, accessibility of partners could already be considered
when the project was set up and therefore might have been
given without further movement encouraged by calculated
technological proximity.

For calculated geographical distance, comparable findings
as for calculated technological distance occur, which reveal a
significant and positive effect on its perceived counterpart.
Before reasons for the insignificance of other path
coefficients from calculated geographical distance are
discussed, a look on the R*-value of perceived geographical
distance is worthwhile. Less than 50% of perceived
geographical distance’s variance is explained, although
calculated geographical distance reveals strong predictive
relevance. A further test, in which only calculated
geographical distance is modeled on perceived geographical
distance, confirms this with an R*-value of 0.427 based on the
whole distance data set. This is in line with the estimation of
Coshall and Potter [12], who find less than 50% of variance
to be explained by objective geographical distance.

For perceived geographical distance, the positive direct
effect has to be rejected for perceived technological distance.
The non-significant path towards perceived technological
distance hints at a stronger impact of social distance on
perceived technological distance in line with the
argumentation above and the notion of Boschma [4] of
geographical distance to potentially “play a complementary
role in building and strengthening social [and other]
proximity”, but not to be necessary for knowledge transfer.
Ganesan et al. [21] state that “relational ties moderate several
linkages in the path between geographic proximity and new
product development”. They further confirm that
geographical distance negatively affects face-to-face contact
and that this phenomenon is more pronounced for strong ties,
i.e. for social proximity, while e-mail communication is not
affected by geographical distance.

Turning back to the relationship between perceived
geographical and technological distance, there is less or even
no negative correlation in contrast to their calculated
counterparts. This might hint at a general mechanism of
accessibility and familiarity by perceived geographical
distance fostering learning to be in place here, too. This
means that the substitution mechanism would lead to
successful learning or movement, which reduces at least the
perceived distance dimension of a respective large calculated
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distance dimension. This argumentation would also be in line
with the suggested mediating function of perceived
geographical distance. Seeing the substitution and learning
effect as two functions competing over time, respective non-
significance might be well explainable here, too. Another
reason might be that even perceived geographical distance is
not sufficient to directly cause learning indicated by a
significant indirect effect via perceived social distance, at
least in the distance interaction model. Besides the above
mentioned reasons for insignificance of the relationship
between calculated technological distance and perceived
geographical distance, mediation might not occur as
judgment of objective knowledge differences might generally
prevail over spatial accessibility.

V. CONCLUSION AND OUTLOOK

The research question focuses on the interaction between
calculated and perceived distance dimensions. Firstly, a
positive relationship between the two calculated distance
dimensions, technological and geographical distance, and
their perceived counterparts is confirmed. However,
respective measures do by far not entirely overlap. For
technological distance, less than 10% of perceived
technological distance’s variance is explained while for
geographical distance, the fitting is better as a bit less than
50% of the perceived geographical distance’s variance is
explained, which is in line with former studies in different
fields. Thus, calculated and perceived distances are positively
interrelated, but the perceived ones are further influenced by
other factors. Other objective criteria like scientific
background for technological distance or shortest travel time
for geographical distance might belong to such factors as well
as affective influences.

These results contribute to several aspects of distance
research. The small explained variance of perceived
technological distance by calculated technological distance
confirms that the two operationalizations of the construct
technological  distance  differ  substantially.  Thus,
operationalization and interpretation of technological distance
as a construct should be distinguished into a calculated or
objective and perceived or subjective one. Hansen [28] states
that “other studies of proximity and innovation are based on
data on scientific co-publications or EU-funded projects
[2,48], the interview approach allows an operationalization of
the proximity categories which is closer to Boschma’s
framework™ [28]. He relates the differences to the level of
definition. Although definitions that are better displayed by
one or the other operationalization might exist, such a
differentiation seems not to be consequently pursued in the
literature [4,24,28]. Therefore, a respective differentiation
from the definition to the operationalization and
interpretation should be seeked and broadly applied. At least,
as many factors that can be identified to be responsible for
respective differences as possible should be taken into

account by either controlling them within an empirical model
or when interpreting respective results.

Another approach might be an agglomerated measure of
technological distance, which ideally would cover calculated
and perceived indicators. Due to the difficulties of matching
such data, this might not always be feasible, but at least partly
achievable by e.g. combining objective facts like scientific
background or industry background of key informants,
research groups or companies and Likert-scale accessible
items in questionnaires. When relying on publicly accessible
data, a combination of publication or/and patent data with
respective indicators like scientific background or attended
conferences’ topics might at least better align the publication-
based and perceived technological distance operationalization
if no strict comparison or definitional separation can be
achieved.

For geographical distance, respective indicators are at
least discussed in terms of multiple objective indicators
[46,52]. As they still reveal some differences with perceived
geographical distance, the two dimensions also should be
considered from a definitional and operationalizing point
without ignoring its interrelations [52]. Consequently, taking
at least possible differences between calculated and perceived
geographical distance into account when enhancing theory
and interpreting empirical results seems to be vital for future
research. In a similar way, other distance dimensions might
also be approached as theoretical considerations at least
indicated that respective differences might be present for all
distance dimensions.

Towards the question whether different distance
dimensions substitute and bridge or overlap and co-evolve, a
differentiation between the calculated and perceived
dimensions evolves within this study. While the calculated
dimensions, technological and geographical, hint at a
substitution or bridging mechanism, a certain overlap or co-
evolvement is present for the perceived dimensions.
Therefore, the distinction between calculated and perceived
dimensions should especially be taken into account when
investigating change mechanisms of different distance
dimensions. Direct comparisons can further add to understand
(timely) developments. Respective mechanisms should be
included in distance studies to improve the understanding of
the interrelationships as well as overall understanding as the
influence of a single distance dimension otherwise might be
misleading. It might e.g. be different in cases where a certain
proximity dimension functions as a substituting or as an
overlapping and thus rein-forcing factor. This suggests that
particular care has to be taken here and analytical routes have
to be improved to ensure uncovering of distorting effects.

The setting of the study at hand has a variety of
advantages, like the improved accessibility of study
participants due to the authors’ inclusion into the project and
delivers meaningful results in distance research as well as
valuable theoretical and practical implications. However, it
also brings forth some limitations. The project scope already
provides a pre-selection of research groups and respective
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dyads. Although certain heterogeneity in the different
distance dimensions and especially calculated technological
distance at least on a specialized knowledge level is present,
the pre-selection of partners limits the generalizability
beyond a project scope e.g. on a local cluster. A case study is
done on project level, which obviously has to be confirmed
for other cases or projects. Nevertheless, collaborations are
generally not entered without a thorough selection and
consideration of respective partners. Thus, the limitation
might be especially pronounced for discussions and
implications where a positive influence of the project scope is
assumed like the positive influence of knowledge
heterogeneity for partner selection with certain potential of
knowledge novelty. Consequently, substantiating respective
findings and implications on the multi-partner project level
while taking into account specific dyadic or work-package
related collaborations is necessary. Therefore, replication and
extension of this study in other multi-partner projects e.g.
focusing on other research topics or including partners who
narrow or expand heterogeneity along certain distance
dimensions, is recommended for further research.

The inclusion of further distance dimensions in future
studies also belongs to such investigations. The inclusion of
e.g. industrial companies in respective projects asks for a
more thorough investigation of organizational distance, in a
calculated as well as in a perceived form. The same holds true
for cultural distance. For projects, in which more different
cultures or nations are represented, employing presented
constructs of psychic distance, in its meaning of perceived
cultural distance and cultural distance as objectively
calculated distance at the same time would be vital to get a
complete picture of distance dimensions.
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