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Abstract

A collaborative approach to treating patients is well taught in medical training. However, col-
laboration and team building in clinical and laboratory research may have been given less
emphasis. More scientific discoveries are now being made with multidisciplinary teams, re-
quiring a thoughtful approach in order to achieve research goals while mitigating potential con-
flicts. Specific steps for a successful team science project include building the team, assigning
roles and responsibilities, allocating rules, and discussing authorship guidelines. Building a
team involves bringing individuals together and developing a common research goal while
establishing psychological safety for all members of the team. Clear assignment of roles and
responsibilities avoids confusion and allows each member’s contributions to be acknowledged.
Allocating rules involves discussing how decisions in the team will be made, how data and
knowledge sharing will occur, and how potential conflicts will be resolved. Discussing author-
ship at the start of the project ensures that the entire team knows what work must be com-
pleted for authorship to be obtained.
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Introduction

It is amazing what you can accomplish if you make sure
that everyone shares the credit.
Jonathan S. Lewin'!

Collaboration is essential for innovation. Physicians col-
laborate on a daily basis in the treatment of patients and
this form of collaboration is often the focus of education in
medical school, residency, and fellowship. However, collab-
oration extends beyond daily clinical work into the realm of
clinical and laboratory research. While scientific discoveries
were traditionally attributed to one or two specific individ-
uals, the last several decades have highlighted the team ef-
forts involved in scientific discoveries (1). This collaborative

effort to address a scientific question by using individuals
from multiple specialties has been termed “team science” (2).

The advantages of team science from a clinical, patient-
centered perspective are clear, as input from multiple people
and disciplines can allow for multiple perspectives to assist
in identifying and solving a problem (3). In the case of multi-
institutional trials, team science allows for the compilation of
larger data sets (3). However, these overarching advantages often
collide with an individual’s academic goals and requirements for
career advancement. For example, a certain number of first- or
last-author publications may be weighted more heavily in an
institution’s promotion requirements (1). Incentives such as pro-
motions may thereby discourage individuals from participating
in collaborative efforts. Additionally, the opposite effect may also
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Key Messages

e Team science concepts represent a basic framework
for multidisciplinary collaborations in radiology and
breast imaging.

e Key components in planning multidisciplinary collab-
orations include building the team, assigning roles and
responsibilities, allocating rules, and discussing author-
ship guidelines.

e Specific additional factors that contribute to more ef-
fective team science projects include increased institu-
tional support, including clinical administrative support,
and project managers.

e Ensuring that appropriate credit is given when due al-
lows career advancement for all team members.

occur when individuals are given honorary authorship in order
to meet the institution’s publications requirement for promotion
when they have made little contribution to a specific project (4).
Therefore, instruction in how to use team science concepts to
successfully complete a multidisciplinary project is needed, espe-
cially for those in training and early practice who are looking to
build an academic career.

For those early on in their radiology careers, the basic prin-
ciples of team science can be applied to smaller scale projects
such as case reports and review articles, which are often col-
laborations between trainees and senior faculty members at a
single institution. On a larger scale, team science is often used
in collaborative projects involving breast radiologists, sur-
geons, pathologists, medical oncologists, radiation oncologists,
medical physicists, radiologic technologists, and statisticians
within one or more institutions. Many radiologists may have
unknowingly participated in team science projects and seen the
challenges firsthand. As experience grows, collaboration with
research faculty who are not primarily engaged in the breast
program, such as faculty members from endocrinology or cell
biology, may further foster research endeavors. Furthermore,
most radiologists have had little training on developing a suc-
cessful team science endeavor. In a 2018 survey of medical and
engineering students at a single university, both sets of students
recognized that transdisciplinary experience was helpful profes-
sionally; however, limited opportunities existed for students to
participate in such activities (5). Successful team endeavors may
require institutional support, setting up of communication and
data sharing processes, and specific collaborative skills (2). In
this article, we aim to provide radiologists in training and early
academic careers with an outline for a successful team science
project, including building the team, assigning roles and respon-
sibilities, allocating rules, and discussing authorship guidelines.

Building the Team

Building a team that is cohesive and highly efficient can be
challenging. The inherent diversity in a transdisciplinary

group can be a powerful asset. However, differences in dis-
ciplinary backgrounds, training, and scientific cultures may
lead to obstacles in the collaborative process (6). There are
several factors that need to be taken into account when cre-
ating a multidisciplinary team. The first is the establishment
of a scientific aim and the goals of the collaboration (7).
For junior faculty, this can be a daunting task. Performing
a literature search on potential topics and using the refer-
ences cited in those articles to develop the research question
or topic is an important initial step. Often, there is pressure
to publish rapidly, however, the question of what topic to
write about can be challenging. At every stage in one’s career,
asking the question, “What do I know that can help others
at or below my level?” may be helpful in identifying topics.
Recognizing recurring patterns or associations in imaging
findings is a good way to identify potential untapped topics
for publication in breast imaging. Additionally, reading cur-
rent literature and participating in journal clubs with faculty
peers may foster new research or publication ideas through
questions that may arise. This process can also identify gaps
in the current publications in the field that can turn into col-
laborative projects.

Once the scientific aims and goals have been established,
potential participants in the team may be identified. If a se-
nior faculty member will be involved as a collaborator, this
person may serve as a useful mentor in selecting additional
team members with whom they have collaborated success-
fully in the past. Listing the required functional roles and
then pairing the names with the job titles is beneficial. For
example, if analyzing a novel breast MRI technique is the
goal of the study, a physicist and an MRI technologist may be
needed. In this scenario, talking to others in the department
to identify a physicist and a technologist who have served
as collaborators in the past would help. Thinking ahead to
include collaborators who may be needed in all phases of
the project will allow for a more successful endeavor. For ex-
ample, having the input of a statistician during the planning
phase of a project will ensure appropriate data collection
from the start and avoid potential subsequent duplication of
efforts. For those new to a particular institution, presenting
some material on the project at another department’s meeting
to identify collaborators may also be helpful. For example, if
a radiation oncologist would be required, asking for time to
do a five-minute presentation on the topic of interest at the
radiation oncology department meeting may help to identify
collaborators who are genuinely interested in the proposed
project. While the identification of potential collaborators
can be based on specific skill sets, the most important con-
sideration is selecting team members who demonstrate posi-
tive attitudes and possess the basic skills to work with one
another (8).

When building a team, including collaborators who may
assist on a broader scale can be beneficial. In a recent initia-
tive by the Mayo Clinic to more easily facilitate the trans-
lation of biomedical research to clinical practice, increased
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success rates were found when using principles of structured
project management, including dedicated project managers,
in the research project (9). A project manager may help with
organization and communication while also keeping the pro-
ject moving along in a timely manner. Additionally, based on
the project manager’s background, he or she may also assist
in the research project itself. For example, a project man-
ager with a background in finance may provide assistance in
obtaining grant funding.

Engaging clinical administrators may help to remove
barriers in projects and can result in administrators rec-
ognizing the importance of all aspects of academic work,
including patient care— and research-related work, instead
of focusing only on patient care-related goals and outcomes
(9). An example of this may be a quality improvement pro-
ject for the breast center that touches on patient experience.
Collaborating with the patient experience administrator at
the facility could develop a symbiotic relationship and ultim-
ately may improve the project itself. The support of a patient
experience administrator may facilitate approval of portions
of the project. For example, if a patient survey is needed, the
patient experience administrator may know how to expedite
approval of the survey. Additionally, this collaboration al-
lows junior faculty to build relationships with administra-
tors, which can be beneficial in their career development.

Once the team has been assembled by the team leader, it is
imperative to engage all participants in a discussion regarding
the vision or the goal of the research project. While the scien-
tific aim established by a team leader provides a foundation,
it is the brainstorming that occurs between all members of
the team that allows for elaboration and fine-tuning of the
scientific goals and, ultimately, the development of a shared
vision (8). It is during this phase in the team-building process
that the roles and responsibilities of each team member are
delineated; and it is also when the group members’ diverse
backgrounds may lead to dissent and friction. For example,
although the team leader may have an initial vision for the
research project, once the idea is presented to the team indi-
vidual members may have different interpretations based on
their past research, clinical, or work experiences. This may
take the project in multiple different directions. One team
member may have a technology background and be more
inclined to use the original research idea to create an applica-
tion or clinical decision-making tool, whereas another team
member may have an educational background and envision
the project going in the direction of an educational exhibit.
A third team member may envision an initial efficacy study
with a subsequent grant-funded randomized controlled trial.
It is important to welcome all ideas, discuss them as a group,
and finally come up with an approach that may focus on one
idea or develop multiple projects on a related topic.

Understanding how each member of the team prefers to
operate, his or her personality and communication style,
and each person’s preference for future feedback may as-
sist in overcoming additional obstacles (8). For example,

team members may have preferences regarding methods of
communication, with some preferring e-mail or text com-
munication and others preferring in-person or telephone
communication. Utilizing web-based video conference appli-
cations can be beneficial in long-distance collaborations or
even in local collaborations when in-person meetings may
be restricted. Ensuring that each member feels comfortable
sharing his or her preferences, and making sure those prefer-
ences are acknowledged, can be facilitated by the team leader.

Developing team awareness fosters psychological safety.
As described by Amy Edmonson, a professor at Harvard
Business School (10), psychological safety is “a sense of con-
fidence that the team will not embarrass, reject or punish
someone for speaking out” (10). It is in the establishment
of psychological safety that trust and cohesiveness are de-
veloped. This is an essential process in team science, as the
ultimate goal of scientific productivity cannot be attained
without cohesiveness (8).

Assigning Roles and Responsibilities

Forming a team with members of varied backgrounds can
be intimidating; however, diversity is a powerful resource
which can be also used as an advantage in assigning roles
and responsibilities (11-14). Each team member will have
different interests and skills that should be assessed prior to
assigning roles. This allows for a solid team foundation. The
easiest way to accomplish this is for the team leader to speak
individually to each member prior to asking if they want to
participate to make sure that the project is a good fit for
all participants. While this may involve more work, it will
also serve to establish the junior faculty member as the team
leader. It is important for all members of the team to under-
stand how their contributions fit into achieving the overall
research goals. Each member must be able to answer the
question, “What’s in it for me?” (8). This question will have
different definitions for every member depending on their
career aims and their current career status (8). In general,
the team leader should delineate the benefits of participation
to each team member. Emphasizing the importance of ex-
posure to each collaborator may assist in helping each team
member answer this question. For example, while a team
member may feel that they are having to put in more work
relative to the recognition they may receive, reminding them
that other collaborators will be observing how positive and
flexible they are is helpful. Team members who demonstrate
that they are team players and show flexibility are likely to
be sought after to participate in future collaborative pro-
jects. And, while a particular project may not bring a team
member the most recognition, their work may serve as an
entrée to future higher profile projects.

Ensuring that all responsibilities are sufficiently outlined
is important. This may include responsibilities specific to
the project, and also any research-related tasks. For ex-
ample, ensuring that e-mail and meeting communications
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are documented and made available to the entire team is
not only important in achieving the ultimate research goal,
but such transparency of the process also contributes to
building trust within the team (8). Similarly, continuous
meeting cycles with specific tasks assigned for each meeting
ensures that the project is able to move forward. Clearly
communicating deadlines at the beginning of and during
the project will help to guide team members in their own
time management, ultimately resulting in a smoother ex-
perience. Explicitly discussing how decisions will be made
regarding public disclosure of project details, including
who will give public talks, respond to media inquiries, and
handle intellectual property and patent applications, is
vital in avoiding conflicts (8).

Allocating Rules

Allocating rules refers to the processes of decision making,
data and knowledge sharing, and conflict resolution. It is im-
portant to remember that there are differences in group de-
cision making versus individual decision making. Intellectual
restrictions and personal inclinations are more likely to
impact the decisions of individuals (15). Interactive group
decision making has been shown to result in more rational
decisions, as individuals are able to overcome or contain
their potential biases (15,16). It is important for the team to
specifically discuss its process of decision making. This can
be initiated by the team leader once the team has been built
and responsibilities assigned. Various methods of decision
making include the following: the team leader makes the
decision and informs the team, the team leader hears input
from all parties and then makes the decision, a consensus
decision is made with a possible second option, or the de-
cision is delegated to a specific team member by the team
leader (17).

The exact method of decision making may vary based
on the decision. For the team leader, taking into consider-
ation the size of the team and the question at hand is im-
portant. The team leader should aim to identify clearly the
decision and the time frame in which it must be made. For
example, the need to add additional collaborators to a pro-
ject may arise and discussing how they will be added and
what authorship credit they will receive will avoid potential
conflicts further into the project.

Collaborative efforts in the team science setting pro-
vide the early-career radiologist with the opportunity to
develop relationships with colleagues of like intelligence
through problem solving around shared scientific inter-
ests. A component of this involves sharing knowledge
and ideas with other team members. Data and knowledge
sharing are fueled by high levels of trust (8), which can be
built by safeguarding the integrity of the data, including
protecting the identity of patients and the traceability of
any team members using the data (18). Trust can also
be built by safeguarding the ideas of each team member

and ensuring appropriate attribution. Although know-
ledge hoarding or hiding can and does occur, cognitively
complex jobs in which a large amount of information is
processed using complex problem solving tend to foster
knowledge sharing (19).

As with any cognitively demanding endeavor involving
collaboration amongst a diverse team, conflicts may arise.
A tool to assess the cause of team dysfunction is the
Goals, Roles, Processes, and Interpersonal Relationships
approach developed by organizational theorist Beckhard
(20). This approach examines conflict in the following pyr-
amidal order, described from top to bottom: goals, roles,
processes, and interpersonal relationships (20). In this
model, the team works from the top down to specifically
identify causes of dysfunction (20). Rarely, though, are
conflicts entirely due to the bottom tier of interpersonal in-
compatibility (20,21). Potential sources of conflict may in-
clude personal differences in project priorities, ambiguity
regarding roles and responsibilities, inadequate funding
or resources, and unrealistic deadlines (22). During team
building, the participants can decide how to manage team
dysfunction (21).

The Thomas—Kilmann Conflict Mode Instrument can
assist teams in times of conflict. The instrument divides be-
havior into two dimensions: assertiveness on the y-axis (one
works to accommodate his or her objectives) and coopera-
tiveness on the x-axis (one works to accommodate the ob-
jectives of another) (23,24). With respect to assertiveness
on the y-axis, unassertive behavior is given a lower value
than assertive behavior. With respect to cooperativeness on
the x-axis, uncooperative behavior is given a lower value
than cooperative behavior. Placed on the same graph within
these two dimensions are five methods (also called modes)
for handling conflicts—avoiding, collaborating, competing,
accommodating, and compromising—that all differ in their
degree of assertiveness versus cooperativeness (23,24). On
the graph, methods may share in either their degree of as-
sertiveness (y-axis) or cooperativeness (x-axis), but not both
(23,24). Avoiding is the most uncooperative and unassertive
method, while collaborating is the most cooperative and the
most assertive. Competing shares in being most assertive
but is also uncooperative, while accommodating is the most
cooperative but is also unassertive. Compromising is con-
sidered to be in the middle of the spectrum for both assert-
iveness and cooperativeness.

A potential source of conflict in a breast imaging project
would be two separate teams working on a similar project.
While the two groups may choose to continue working in
parallel, an alternative idea would be for them to join to-
gether using the collaborating and compromising modes. This
may involve each team member having to give up a little as
the team grows; however, collaboration may bring fresh per-
spectives and allow two papers to come out of one project.
While groups or individuals might place value judgements on
a particular mode, Thomas and Kilmann assert that there is
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no right or wrong mode. The appropriate conflict-handling
mode depends on the situation and the skills of the team
members (21) and Thomas and Kilmann outline scenarios
where each of the five different modes may be utilized (24).

Authorship

Authorship matters as it confers credit and has academic
and social implications (25). It is vital for collaborators to
discuss and agree on criteria for authorship on abstracts
and manuscripts, including the exact authorship order.
Generally, early in a career, the junior author is typically
the first author. They then transition to the last author as
they start overseeing projects. While middle authorship
may be considered less valuable at some institutions, the
experience gained and connections made provides valuable
groundwork for future projects that may be led by a junior
author. While this has historically been the framework for
decisions related to authorship order, the exact criteria to
determine authorship order should be decided by the au-
thors as a group and may vary (25). This will help to ob-
viate potential future arguments and disagreements (8,26).
In the early-career setting, this can be one of the most dif-
ficult discussions to make, especially in the setting of a
power imbalance. It is recommended that authorship or-
ders are openly discussed at the start of the project. These
discussions may empower junior faculty members and
trainees to communicate in an open, transparent manner.

The International Committee of Medical Journal Editors
recommends that authorship be based on four directives. All
participants should meet the criteria and all who meet the cri-
teria should be considered as authors. Authors should con-
ceive or design the work or help with acquiring, analyzing, or
interpreting the data; prepare, modify, or revise the work; ap-
prove the final version for publication; and agree to accept re-
sponsibility for the entirety of the work (25). A corresponding
author should be designated and act as the member of the team
who communicates with the journal during submission, peer
review, and publication. In some instances, authorship order
may be determined by the amount of work performed by each
person who qualifies to be an author, with the exact method
of quantification decided by the authors. Individuals who con-
tribute to the work but do not meet the criteria for authorship
should have their specified contributions noted in an acknow-
ledgments section (25). Authorship may be a source of conflict
in multidisciplinary collaborations in breast imaging. For ex-
ample, in a multidisciplinary research project, assistance may
be requested from a breast radiologist in performing extra bi-
opsies that provide clinical trial data or in reviewing images for
the medical oncologist, the surgeon, or the radiation oncolo-
gist. The lead breast radiologist should ask for a clear descrip-
tion of how the breast radiology collaborators performing the
study biopsies or reviewing the images will be recognized.

It is important to note that many junior collaborators have
reported that participating in interdisciplinary work is risky.

Therefore, it is important for the team to also discuss how
junior faculty members will be appreciated and protected, such
as by giving appropriate credit and recognition when due, and
how the project will help promote their careers (8,27,28).

Conclusion

Building a research team that brings together people from
different stages in their careers, from various disciplines,
and sometimes from different organizations is dependent
on embracing diversity and managing differences (8). For
those beginning an academic career, understanding the com-
ponents of team science, including how to build the team,
assigning roles and responsibilities, allocating rules, and dis-
cussing authorship at the start of the project assists in ul-
timately achieving research goals while minimizing conflicts.
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