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Abstract

With advances in research environments and the accompanying increase in the
complexity of research projects, the range of skills required to carry out research
calls for an increase in interdisciplinary and collaborative work. CogNovo, a doc-
toral training program for 25 PhD students, provided a unique opportunity to ob-
serve and analyze collaborative processes. We propose a process-oriented
framework for understanding research collaborations along two dimensions: in-
terpersonal and project-related. To illustrate the utility of this process-oriented
framework, we apply the framework matrix to several collaborations that emerged
within the CogNovo program. The framework that we introduce has several ad-
vantages over existing metrics. Firstly, we offer a process-oriented—as opposed to
product-oriented—evaluation of interdisciplinary and collaborative endeavors.
Secondly, we propose a means of assessment that preserves the distinctive profile
(or “fingerprint”) of a given collaborative project, thus capturing the uniqueness of
each project and its environment.

Keywords: collaboration fingerprint; collaborative framework; group work;
interdisciplinary research; organizational team performance; research assessment.
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With achievements increasingly arising from teamwork, “collaboration” has ac-
quired a vital role in organizational, educational, and research contexts (Lariviére,
Gingras, Sugimoto, & Tsou, 2014). In particular, research collaboration has received
increased attention, with many leading institutions arguing that complex contem-
porary issues (such as health, environment, and mobility) require solutions that
combine insights from different disciplines (National Academies, 2005; as cited in
van Rijnsoever & Hessels, 2011). The complex nature of these issues increasingly
necessitates that knowledge and solutions can be combined from multiple disci-
plines (Buanes & Jentoft, 2009). Research collaboration has been described in vari-
ous contexts and by various approaches, with a lack of consensus over its definition;
this is why it is often defined under the umbrella term “collaboration” (Bukvova,
2010). What “interdisciplinary collaboration” entails has remained particularly un-
clear (Huutoniemi, Klein, Bruun, & Hukkinen, 2010).

Nevertheless, a common theme among various collaborations is that they involve en-
gagement and interaction between two or more people at one time or repeatedly, in
order to achieve a common goal (Patel, Pettitt, & Wilson, 2012). Identifying which fac-
tors constitute “successful” interdisciplinary, multidisciplinary, or transdisciplinary?!
collaboration and what participating members can do to nurture these is “of signifi-
cant theoretical interest” (Mansilla, Boix, Lamont, & Sato, 2012, p. 2). Beyond theory,
shedding light on this “black box” (Kurtzberg & Amabile, 2001) has also become an
increasing priority for funding bodies and research in industry (Mansilla et al.,, 2012).

How to operationalize research collaboration is a topic of debate (Katz & Martin,
1997). Various approaches have been adopted in order to evaluate research collab-
orations, including bibliometrics, interviews, observations, experiments, and social
network analysis (GroboljSek, Ferligoj, Mali, Kronegger, & Igli¢, 2014). Measuring
publications through co-authorship evaluation, where publications become the ul-
timate indicator for collaboration success, is particularly common (Bukvova, 2010).
More specifically, the mean number of authors per paper (termed the “Collaborative
Index”, Lawani, 1980; as cited in Savanur & Srikanth, 2010), the proportion of multi-
authored papers (termed the “Degree of Collaboration”, Subramanyam, 1983), or a
combination of these (termed the “Collaboration Coefficient”; Ajiferuke, Burrel, &
Tague, 1988) have been used as metrics to assess the scope of collaboration across
fields or disciplines (Savanur & Srikanth, 2010). However, an important point that
is often overlooked is that not all research collaborations result in co-authored pub-
lications, nor are all co-authorships born out of collaborations (Bukvova, 2010).

1t Although often used interchangeably or without clear definition (Lawrence, 2010), here we adopt the
following definitions. Interdisciplinarity “unites” and “synthesises” links between disciplines to form a
“coherent whole,” multi-disciplinarity draws on information from multiple disciplines but stays within
disciplinary limits, and transdisciplinarity brings disciplines together in new contexts and transcends ex-
isting disciplinary boundaries (Choi & Pak, 2006, p. 351). Of course, these categories are not always mu-
tually exclusive given the complexity of many research projects (Klein, 2008).
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In addition, the publication of interdisciplinary research appears to be more diffi-
cult, resulting in a lower number of interdisciplinary publications and co-author-
ships. Bruce, Lyall, Tait, and Williams (2004) identify the lack of opportunities to
publish interdisciplinary results in high-ranking journals as a discouraging factor to
work on interdisciplinary topics.

Evaluating collaborations using product-based approaches, in which outputs of col-
laborations (i.e., co-authorships) are accepted as indicators of collaboration success,
has the advantage of using easily accessible and measurable data (see Groboljsek
etal.,, 2014, for a review). However, these approaches often undervalue the im-
portance of the collaboration process. In their literature review, Aboelela et al.
(2007) explored the different views on interdisciplinarity in order to compose a
theoretical definition of interdisciplinary research. Key components of interdiscipli-
nary research from the literature included: covering qualitatively different research
disciplines; creating a continuum of collaboration which varies from brief commu-
nications to mutual integration; establishing a platform for cooperation, interaction,
communication, and sharing. In fact, this latter component is considered critical in
the majority of interdisciplinarity definitions (Aboelela et al., 2007). As such, a pro-
cess-based framework, which focuses on what Callard and Fitzgerald call the “cho-
reography” (2015, p. 80) of cooperation and integration between group members,
could offer valuable insights for understanding and evaluating research collabora-
tions. Therefore, while we cannot deny the value of collaborative outputs, in the
present paper, we focus on the process of collaboration and the dynamics of inter-
disciplinary integration. We interpret examples of collaborations within the same
organization on two dimensions: interpersonal and project-based. To capture and
evaluate these collaborations, we propose a process-focused matrix. We present
several example studies of collaborations that were fostered within the interdisci-
plinary CogNovo project? (Maranan, Loesche, & Denham, 2015), and demonstrate
how collaboration success can be analyzed by exposing the processes that occurred
during collaborative work.

Process-Oriented Framework

The current framework incorporates observable indicators of collaborations
through two main strands: 1) Interpersonal dimension: how the social dynamics, as
well as the individual research interests and contributions, shape group collabora-
tions. 2) Project dimension: what specific project tasks and steps need to be com-
pleted in order to reach an outcome. Field knowledge, skills, and project commitment
are integral to this dimension.

2 CogNovo is an interdisciplinary doctoral training program jointly funded by the Marie Sktodowska Curie
Actions and Plymouth University, comprising a network of diverse researchers from various disciplines,
including Psychology, Computational Neuroscience, Robotics, Arts and Humanities.
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Of course, any given collaboration will have external conditions for success driven
by institutional contexts (Mansilla et al., 2012). The conventions and expectations
of both academic fields and funding organizations will inevitably contribute to the
collaborative environment and both the interpersonal and project dimensions of
any given project. The institutional context initiates, supports, and funds the collab-
orations and thus has a significant impact on the overall success of the collaborative
endeavor. The examples described in the present paper include projects that were
all completed within the same institutional contexts. As such, at the end of this paper
we offer suggestions on how the process-oriented framework might be extended
and adapted to take into account other institutional contexts.

Interpersonal Dimension

Within our process-oriented framework, the interpersonal aspect of a collaboration
can arise in three different ways: 1) Mutual collaborations: every participant con-
tributes to the collaboration equally and the contribution from different disciplines
is weighted equally. Collaboration results in similar outcomes for all involved disci-
plines. 2) Assisted collaborations: the project is led by one discipline and collabora-
tors from other disciplines assist by providing specific knowledge. Collaboration
results in progress in the main discipline. 3) Emergent collaborations: these collab-
orations do not require a specific domain knowledge. Collaboration may occur on a
primarily social or pragmatic level (e.g., departmental colleagues organizing a re-
search seminar series) involving no particular discipline, or the collaboration may
result in progress in a new (or emergent) discipline.

Project Dimension

All collaborations involve a project dimension, where certain tasks must be accom-
plished in order to achieve the desired outcomes. This dimension involves coordi-
nation between the participants’ knowledge of domain(s) and relevant skills. For
the projects evaluated within CogNovo, we identified the following primary steps:
1) Objective & Research Question: formulating objectives and research questions;
2) Experiment: formulating and/or carrying out methods; 3) Analysis: formulating
and/or carrying out analyses; 4) Communication: formulating and/or carrying out
dissemination strategies to communicate collaboration outputs (e.g., writing pa-
pers). Even within the same context, these steps will have different importance and
may even be skipped entirely depending on the implementation, aim, and success
of the project. Importantly, although stages are described linearly here, the reitera-
tive and adaptive transfer from one stage to another can be both dynamic and un-
predictable. For example, it is likely that project objectives and research questions
will be frequently revisited and revised at multiple times during a project lifecycle.
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Process-Oriented Framework Scheme

According to the process-oriented framework, each collaboration can be evaluated
through the interpersonal and project dimensions on a point-based system. We pro-
pose that the four stages of a project should be measured independently. In the first
stage, Objective & Research Question, a research question is generated and a method
is explored (and potentially tested). If the research question derives from and seeks
to fill a gap in literature in two or more distinct domains, the collaboration can be
seen as mutual. Instead, if the gap can be filled by applying knowledge or a method
from one of the involved domains, the collaboration is assisted. Finally, if several re-
searchers identify a potentially interesting topic outside of all their domains and cre-
ate a question and method to answer it, the collaboration could be classified as
emergent. Each project stage can be simultaneously mutual, assisted, and emergent
to different degrees. An initial scoring of the project can be done in accordance with
these three categories: we suggest that the sum of the categories for each row should
be 100%. For example, if a participant wants to express that a project was %3 mutual,
14 assisted, and not emergent at all, (s)he would score it as 67% mutual, 33% as-
sisted, and 0% emergent.

The second stage, Experiment, includes any kind of data collection that contributes to
answering the questions identified in the first stage. This type of data collection can
be either grounded or contribute to several domains, and therefore it can be catego-
rized as mutual. If the methodology is borrowed from one domain to address the data
collection from a second one, this could be classified as assisted. Finally, if the method
is taken from another line of work in which all participating researchers have only
lay-people knowledge, this project would lay in the emergent collaboration category.

The third stage, Analysis, involves any kind of data processing that transforms the
data collected in the previous stage into knowledge of some kind. The analysis may
be driven by conventions prescribed by a single discipline. For example, in the sci-
ences, both quantitative and qualitative methods could be applied at this stage, while
in the humanities historical methods might be adopted, and in philosophy, concep-
tual analysis might be favored. It is also possible for the analysis to incorporate ana-
lytical procedures that combine several disciplinary approaches or that construct
approaches that transcend traditional methods bound by a single discipline. Note
that the rule of distributing 100% across the three columns also applies here.

At the final stage, Communication, results are communicated to others through vari-
ous ways such as poster presentations, talks, papers, or even through chats and other
forms of informal conversation. If a journal covers two or more research areas that
the project is situated within, the communication can be seen as mutual. Instead, if
the results are communicated at a specific conference but calling for support from a
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different domain, this communication would belong to the assisted category. Finally,
communications such as open science, code repositories, or public engagements
events, are considered primarily as belonging to the emergent category.

In parallel and independent of the measures collected for each stage, the importance
(or weight) of the stage itself can also be rated. For a project that aims to generate
new research questions, the main focus might be on the first and, to a lesser extent,
on the fourth stage. For projects that focus on novel analysis of existing data, the sec-
ond and third stage would receive more weight. The four stages cover the lifecycle of
a project, thus the sum across all stages is 100%. For example, if all stages have a
similar weight, then they would each receive 25%. An alternative to rating weights
in hindsight is the amendment of stage weights based on the project aims.

Table 1 illustrates an example of this matrix system. In this case, the first step has al-
most % of the overall weight (30%). This project has no experimental aspect, thus the
data collection method is not considered a valuable contribution by the collaborators.
Likewise, the analysis plays only a small role (10%). On the other hand, the commu-
nication of the results is rated as the most important part of this project and received
a 60% weight in the overall rating. Based on this intuitive rating, an overall rating of
41% mutual, 15% assisted, and 44% emergent could be calculated for this project.

Table 1. Illustration of the evaluation matrix of proposed framework.

Classification
Weight
Mutual Assisted | Emergent
Objective & Research Questions 30 70 30
Experiment (N/A) (N/A) (N/A)

Analysis 10 20 60 20

Communication 60 30 0 70

Overall rating 41 15 44
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CogNovo Project Collaboration Examples

Example 1: “Bisensorial” (Hack the Brain 2016 Hackathon).

Collaborators: Diego Maranan, Agi Haines, Jack McKay Fletcher, Sean Clarke, Kim
Jensen, Ricardo Mutuberria

Disciplines: Design, Music, Cognitive Neuroscience, Computer Science, Psychology, Arts

Objective & research questions: Ideate and prototype a “hack” based on the event
theme, “Hacking yourself for better or for worse,” that maximizes the skills of the
participants and the resources available during the hackathon.

Result of design experiments: A working proof-of-concept of a wearable, neuro-
adaptive, vibroacoustic therapeutic device.

Communication: Presented at Hack the Brain 2016 event; exhibited at Off the
Lip 2016 public engagement event, Bizarre Bazaar; exhibited at the Cognition Insti-
tute Conference; to be presented at the Ars Electronica STARTS event; discussed in
PhD thesis (Maranan, 2017).

Collaboration type:
Table 2. Evaluation of Bisensorial Project.
Classification
Weight
Mutual Assisted | Emergent
Objective & Research Questions 50 80 15 5
Experiment 35 30 70 0
Analysis (N/A) (N/A) (N/A)
Communication 15 75 25 0
Overall rating 64.25 33 2.75
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Example 2: BRAMZ (Because youR BrAin MatterZ)

Disciplines: Psychology, Linguistics, Human-Computer Interaction

Collaborators: Ilaria Torre, Frank Loesche, Kathryn Francis, Raluca Briazu, David
Bridges

Objective & research questions: The main aim of this project was to develop per-
sonality measurements through games. Specifically, to build a mobile phone applica-
tion in order to implement the games and collect data from experiment participants.

Experiment: Prototypical implementation during Computational Modelling workshop
Analysis: No analysis was conducted.

Communication: Grant application for the “StudentshIP Enterprise Awards 2014.”

Collaboration type:
Table 3. Evaluation of BRAMZ Project.
Classification
Weight
Mutual Assisted Emergent
Objective & Research Questions 30 70 30 0
Experiment 10 20 60 20
Analysis (N/A) (N/A) (N/A)
Communication 60 30 0 70
Overall Rating 41 15 44
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Example 3: Impasse in Conversations

Disciplines: Linguistics, Psychology
Collaborators: Ilaria Torre, Frank Loesche

Objective & research questions: Analyze creative problem solving in social inter-
action, in focusing in particular on how impasses are overcome in conversation.

Experiment: Choice of conversations, data collection not part of the project.

Analysis: Conversation analysis on freely available corpus of spontaneous conversa-
tions.

Communication: paper in Creativity: Theories-Research-Applications Journal (Torre &
Loesche, 2016); Poster presentation at UK Creativity 2017 Conference (Edinburgh)

Collaboration type:
Table 4. Evaluation of Impasse in Conversations Project.
Classification
Weight
Mutual Assisted Emergent

Objective & Research Questions 35 80 0 20
Experiment 20 30 50 20
Analysis 20 50 30 10
Communication 25 70 0 30

Overall Rating 61.5 16 20.5
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Example 4: Distorted Dimensions

Disciplines/fields: Social Psychology, Cognitive Psychology, Philosophy, Art & Design
Collaborators: Kathryn Francis, Agi Haines, Raluca Briazu

Objective & research questions: Using moral psychology as a case study, we ex-
plored the importance of incorporating considerations from design research into the
development of testing tools in the experimental sciences. We further considered
how the process of “making” might be utilized as a collaborative tool, nurturing suc-
cessful interdisciplinary endeavors.

Experiments/outputs/results: An interactive and life-like testing tool was con-
structed and incorporated in an existing moral decision-making experiment.

Communication: (a) Data were collected during an interactive installation with
members of the public at OTLip16. (b) The data collected were incorporated into a
scientific publication (Francis et al., 2017). (c) A conference paper exploring the use
of “thinking through making” as an interdisciplinary collaborative tool was pre-
sented at OTLip17 (Francis et al., 2017.

Collaboration type:
Table 5. Evaluation of Distorted Dimensions Project.
Classification
Weight
Mutual Assisted Emergent
Objective & Research Questions 19 38 32 30
Experiment 29 48 33 19
Analysis 21 40 30 30
Communication 31 42 20 38
Overall Rating 43 28 29
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Conclusions

Research contributions from large and diverse research groups play a key role in the
solution of complex societal problems (Buanes & Jentoft, 2009). Encouraging collab-
oration between various disciplines results in the sharing of domain-specific
knowledge, but also in the emergence of new knowledge (De Stefano, Giordano, &
Vitale, 2011), thus providing novel solutions for unresolved age-old problems. Yet,
what entails “successful” interdisciplinary collaboration has largely remained un-
clear (Huutoniemi et al,, 2010).

To date, existing attempts to evaluate the impact of interdisciplinary research col-
laborations have sought to assess product-based outcomes, primarily considering co-
authorship as a marker of success (Savanur & Srikanth, 2010). Although these product-
based approaches have allowed researchers to accurately quantify the impact of vari-
ous disciplines within a collaboration (e.g., GroboljSek et al., 2014), they often overlook
process-based markers of success. This is significant given that definitions of success-
ful interdisciplinary collaborations encompass process-based considerations including
mutual integration, cooperation, communication, and sharing (Aboelela et al., 2007).

In the current research, we formulated a novel framework for evaluating, as well as
summarizing, research collaborations. By establishing a process-based framework,
we have contributed to the literature by complementing the product-based ap-
proaches to evaluating collaborations. By generating a collaborative “fingerprint” for
each project, the present process-oriented framework allows researchers to examine
the interdisciplinary dynamics within a research group. This is significant for several
reasons. Firstly, we can shed light on the “black box” that surrounds the understand-
ing of collaborative processes (Kurtzberg & Amabile, 2001). Secondly, we can use the
process-based fingerprint to identify which group dynamics and which types of col-
laboration are more likely to succeed. This might be done by uniting our metric with
product-based markers for success and/or measures of researcher satisfaction.

When considering the institutions, organizations, and funding bodies that support
these collaborative endeavors, it is important to note that the collaboration examples
described in the present paper were supported by the same institution and, as such,
were fostered within the same organizational context. In order to extend our pro-
cess-oriented framework, we suggest that future research should embrace the flexi-
bility of the stages that we propose, adapting the metric to reflect the aims and
constraints of their own organizational and institutional contexts.

Overall and through a detailed look at several collaboration examples that took
place within the CogNovo project, we have developed a process-based approach for
understanding both the interpersonal and project dimensions of interdisciplinary
collaborations. Specifically, we have demonstrated that each collaboration is subject
to different priorities and pressures. Thus, individual projects can display a unique
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combination of interpersonal dynamics and project tasks. Our process-oriented
framework and evaluation matrix might be utilized not only to evaluate and provide
building ingredients for successful interdisciplinary research collaborations, but
also to quantify the impact of these collaborations beyond product-based metrics.
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