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R O B O T S  A N D  S O C I E T Y

Accelerating the pace of innovation in robotics by 
fostering diversity and inclusive leadership
Daniela Macari1,2*, Alex Fratzl3, Ksenia Keplinger4*, Christoph Keplinger1,5,6*

Diverse and inclusive teams are not merely a moral imperative but also a catalyst for scientific excellence in robot-
ics. Drawing from literature, a comprehensive citation analysis, and expert interviews, we derive seven main ben-
efits of diversity and inclusion and propose a leadership guide for roboticists to reap these benefits.

INTRODUCTION
The field of robotics is highly interdisci-
plinary—spanning from mechanical and 
electrical engineering to materials science, 
computer science, neuroscience, and biolo-
gy. In this regard, our robotics community is 
a champion of academic diversity. However, 
less recognized is the value of workforce 
diversity (members of different ethnicities, 
genders, ages, and life experiences, as well 
as different socioeconomic, parental, and 
disability statuses) comprising the robotics 
community, despite the literature indicat-
ing that team diversity paired with inclu-
sive leadership drives disruptive innovation 
and creativity in the sciences (1–14). Promot-
ing diversity and inclusion within research 
teams is not merely a moral imperative; it is 
a catalyst for facilitating cutting-edge re-
search and accelerating progress in the field 
of robotics.

Here, we highlight existing scientific lit-
erature, analyze citation metrics of robotics 
papers over the past 25 years, reflect on our 
personal experiences and observations from 
working in a diverse and inclusive environ-
ment, and share insights from interviews 
with 10 established research leaders in ro-
botics; therefrom, we outline seven main 
benefits of diversity and inclusion in robot-
ics research (Fig. 1) and offer a guide for 

harnessing these benefits within the greater 
robotics community.

BENEFITS OF DIVERSITY AND INCLUSIVE 
LEADERSHIP IN ROBOTICS RESEARCH
Improved performance 
and productivity
Team members tend to display higher mo-
tivation and commitment to their work in 
an atmosphere promoting inclusion, diversity, 
psychological safety, and a sense of self-value 
(2, 3), leading to higher productivity within the 
team: Analyses of publications across different 
fields show that ethnically and gender-diverse 
teams publish a higher number of papers and 
have more citations per paper (1, 4, 5). To study 
the effect of diversity on “scientific impact” as 
measured by citations, AlShebli et al. (1) ana-
lyzed 9 million papers and 6 million scientists 
and found a strong correlation between ethnic 
diversity and number of citations. They used 
randomized baseline models and coarsened 
exact matching (a technique used to infer cau-
sality in observational studies) to establish eth-
nic diversity as one causal factor for scientific 
impact. We analyzed citation metrics of ro-
botics papers over the past 25 years (for de-
tails, see the Supplementary Materials) with 
respect to gender diversity and found a positive 
correlation between gender-diverse authorship 
and citation performance: Publications with at 
least 25% female authors are significantly more 
cited and are more likely to be among the 
most-cited papers (Fig. 2). We note that in our 
analysis, we conducted a correlation-based 
study and focused on a single dimension of 
diversity; future research should explore ad-
ditional dimensions of diversity and use tech-
niques that can infer causality. In addition to 
improved citation performance and produc-
tivity, Allison Okamura (professor at Stanford 
University) further stated that having a diverse 

team has helped her secure research funding: 
“We can make really compelling arguments, 
and we have people who have first-hand expe-
rience and knowledge coming from different 
backgrounds. That’s actually really helped us in 
obtaining research funding.”

Comprehensive problem-solving
Research challenges in robotics are complex 
and multifaceted. Diverse teams are better 
equipped to tackle issues from multiple 
angles, making use of a broader pool of 
methods and considering a wider array of 
potential solutions (6). Research shows that 
diverse groups of thinkers often outperform 
homogeneous groups of high-ability indi-
viduals in problem-solving and prediction-
making tasks (7, 8). Whereas homogeneous 
teams are more susceptible to groupthink, 
diverse teams are more likely to challenge 
each other’s ideas, which leads to better out-
comes when it comes to problem-solving 
(6). This matches the observations of Barbara 
Mazzolai (associate director at the Italian 
Institute of Technology), who stated that 
“[...] diverse teams bring rich perspectives 
because they can propose innovative solu-
tions to complex problems in robotics.”

Disruptive innovation and creativity
A diverse team composition fosters un-
conventional ideas, which can ultimately lead 
to more disruptive innovation (9–14) and 
breakthroughs in robotics. Analysis of data 
from US PhD recipients from different dis-
ciplines across three decades indicates that 
demographically underrepresented research-
ers (such as gender and ethnic minorities) 
tend to produce higher rates of scientific 
novelty (9). A study using both experiments 
and survey data showed a link between 
team members with multicultural experi-
ence and enhanced team creativity (10). 
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Individuals from underrepresented back-
grounds contribute with distinctive view-
points, creative approaches, and unique 
personal interests that can enrich the re-
search process; Allison Okamura says, “I get 
most of my ideas from my students [...]. 
Almost every new project comes about 
because a student has something in their 
personal background. Maybe they were 
knitting and got interested in knitting as a 
fabrication technique, and then that be-
came a new fabrication method that we 
use in soft robotics. Maybe there’s a stu-
dent who is from a first-generation low-
income background and recognizes that in 
that community, access to certain types of 
medical devices is really difficult or impos-
sible, and so that inspires us to create de-
signs that might be more effective in those 
communities.”

Broader applicability and relevance 
of research
Scientific discoveries made by diverse teams 
are more likely to address the needs of a 
broader segment of society, thus catering to 

a wide range of cultural and socioeconomic 
backgrounds and eventually leading to tech-
nologies with a broader societal relevance 
(15, 16). Moreover, diversity of authors taps 
into different academic communities, which 
leads to a wider outreach of scientific re-
sults compared with papers written by 
nondiverse teams (5, 17). “For me, where 
diversity is going to matter a lot in science, 
engineering, and robotics is being able to 
actually translate the work that we’re doing 
in the lab back into the real world,” said 
Jeremy D. Brown (assistant professor at Johns 
Hopkins University Whiting School of En-
gineering).

Reduced bias in technology
Bias in robotics can influence how robots 
perceive, interpret, and respond to different 
groups of humans, potentially leading to 
unequal or harmful outcomes for certain 
ethnicities (18, 19). This becomes particularly 
concerning when robots are used in sen-
sitive environments like health care, public 
services, or law enforcement (20). Diverse 
groups of researchers, which better represent 

the diverse pool of users of robotics tech-
nologies, are better at identifying and miti-
gating biases in technology development and 
are more likely to consider ethical implica-
tions from various perspectives (21–23). 
Maartje de Graaf (assistant professor at 
Utrecht University) argued, “Technology is 
shaping our world. So, it’s really important 
that all users from as broad a spectrum as 
possible should be able to give input on how 
technology will be developed in the future.”

Attraction and retention of talent
Diversity can be a powerful tool for attract-
ing talent (3); in their experimental study, 
Avery et al. (24) found that job seekers with 
positive attitudes toward diversity are more 
likely to seek employment with organiza-
tions that value diversity. Academic insti-
tutions prioritizing diversity, equity, and 
inclusion have a competitive edge in the 
global market for academic talent (25)—ever 
more important in times of fierce competi-
tion from the private sector, where robotics 
professionals are highly sought after and 
well compensated. Promoting diversity and 
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Fig. 1. The benefits of workforce diversity and inclusive leadership for robotics research. Team diversity paired with inclusive leadership is a catalyst for cutting-edge 
research and a driver for broad applicability.
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inclusive leadership as a tool to increase 
employee satisfaction will, in the long term, 
help attract and retain talented young re-
searchers, thus keeping academic organiza-
tions at the forefront of innovation. According 
to Katherine J. Kuchenbecker (director at the 
Max-Planck Institute for Intelligent Systems), 
“Hiring your first non-male lab members, 
breaking through that first diversity barrier 
can be hard, but it’s worth it. [...] Then you 
become a magnet. Then almost all the women 
and diverse people accept your offers. They’re 
all accepting my offers because they know that 
my lab is a safe space—and more than a safe 
space. It’s a vibrant place. It’s a place to thrive.”

Fairness and social justice
Ensuring diverse representation in robotics 
research not only helps correct historical 
imbalances and systemic inequities but also 
promotes fairness and equal opportunity for 
all (26–28)—regardless of their background 
and solely on the basis of their individual 

potential to advance robotic technologies 
for the benefit of humanity. According to 
Cosimo della Santina (associate professor 
at Delft University of Technology), having 
diversity and inclusive leadership in robotics 
is a priority; it “[...] comes first. It’s a matter 
of justice, of being socially correct.”

CREATING AND FOSTERING DIVERSE AND 
INCLUSIVE TEAMS
Although it may seem that merely increas-
ing the representation of historically mar-
ginalized groups in academic institutions 
would automatically lead to enhanced cre-
ativity and disruptive innovation, the full 
benefits (Fig. 1) of diversity can only be re-
alized, and the potential challenges can 
only be mitigated (29), when those individ-
uals feel safe and valued enough to express 
themselves and to actively participate in 
team projects and decision-making. Conse-
quently, leaders are required to go beyond 

mere representation and to actively foster an 
inclusive culture. We outline specific points 
that leaders can address to reap the benefits 
of diversity and inclusion toward promoting 
scientific excellence in robotics.

Revise hiring and practice 
targeted recruitment
All interviewed professors agreed that the most 
effective way to hire more diverse teams is to 
broaden recruitment pools. Inclusive leaders 
actively seek candidates from underrepre-
sented groups, post job openings in diverse 
forums, and use inclusive language to en-
courage all qualified individuals to apply. 
Furthermore, Michelle Johnson (associate pro-
fessor at University of Pennsylvania) recom-
mended being “deliberate in recognizing 
potential” when hiring. She noted, “I’m looking 
for the best of the best, but I realized that 
a GPA of 4.0 doesn’t always qualify that back 
to the best [candidate]. Oftentimes it has to 
do with character and having to build work 
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Fig. 2. Citation analysis of robotics papers reveals a positive correlation between gender-diverse authorship and citation performance. The gender of authors 
was determined using Genderize.io, a tool that assigns a gender to a first name with a certain probability; this probability was chosen to be 80% for the data presented 
here (for details on the statistical analysis, additional analysis regarding the geographic origin of papers, and limitations, see the Supplementary Materials). (A) The field 
of robotics has seen rapid growth over the past 25 years, with (B) a continuously increasing share of female authorship. (C) The average number of total citations for papers 
written in a given year increases with publication age, number of authors, and gender diversity. (D) Publications with at least 25% female authors (F25) and at least five 
authors per paper receive a higher average number of citations, (E) a trend that is consistently visible in every single year from 2007 to 2020. (F) F25 papers are more 
likely to be among the most-cited papers, (G) a trend that is consistently visible in every single year from 2007 to 2020. Error bars in (D), (E), (F), and (G) represent the SEM 
across n = 14 considered years (2007 to 2020). Significance levels are defined as follows: ns, P ≥ 0.05; *P < 0.05; **P < 0.01; ***P < 10−3.
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ethic in addition to that.” Last, implementing 
blind review processes can help minimize 
unconscious biases during initial screening 
of talent pools.

Foster a culture of inclusion
An inclusive environment is one where all 
team members feel valued, are involved in 
decision-making, and experience a sense of 
belonging and of psychological safety (30–32). 
Inclusive leaders strive to create safe spaces 
where all team members can express con-
cerns about bias in technology and where 
they can share unconventional ideas (which 
could potentially lead to scientific break-
throughs). To this end, inclusive leaders 
facilitate constructive and empathic com-
munication, take measures toward enhanc-
ing team cohesion, and encourage mutual 
support (for example, by encouraging col-
laborative projects within the lab). According 
to Monroe Kennedy III (assistant professor at 
Stanford University), “It helps to have a few 
very basic policies. We have policies to per-
form scientific excellence, but then beyond 
that, it’s also about fostering an environment 
where curiosity and open mindedness is a 
norm. I was very fortunate with my very 
first PhD students, who were really amaz-
ing and helped set the tone for an amazing 
community in my lab that we’ve helped to 
grow around these ideals.”

Ensure wide accessibility to resources
It is important that facilities and resources 
are accessible to all individuals (including 
those with disabilities) and that lab knowl-
edge is shared with everyone, for example, 
by using a common working language in in-
ternational teams. To avoid that underrep-
resented team members feel marginalized, 
inclusive leaders facilitate access to support 
networks and communities. Another im-
portant measure is adopting flexible work 
policies that accommodate different cultural 
practices, personal needs, and family re-
sponsibilities (33). “The kind of contribution 
that should be made whenever there is an 
opportunity is offering childcare at confer-
ences. In the end, it’s a very simple thing: 
You offer a kindergarten in the same place 
where the conference is, and that’s a real, con-
crete measure for enabling parents to travel 
to the conference,” said Cecilia Laschi, pro-
fessor at the National University of Singapore.

Provide role models
Increase visibility of role models by inviting 
speakers from underrepresented backgrounds 

or by collaborating with them on projects. 
This approach helps underrepresented team 
members envision themselves as future aca-
demic thought leaders, an effect that also has 
been shown with respect to representation 
in conference leadership roles (34). Inclu-
sive leaders themselves also aim to act as 
role models by challenging the status quo, 
raising awareness of systemic discrimination, 
and creating a safe environment for report-
ing discriminatory incidents.

Strengthen mentorship and allyship
Scientific excellence is not only about put-
ting cutting-edge knowledge into the world 
but also about training a new generation of 
emerging leaders, in particular team mem-
bers from underrepresented backgrounds. 
This is where allyship and mentorship play a 
crucial role. Actively advocating for talented 
researchers and adapting mentorship styles 
according to individual team members’ com-
munication types, current needs, and career 
aspirations can be challenging, but it goes a 
long way. “[...] in addition to serving as a 
role model, I think [what is important] is 
also serving as an advocate and helping to 
create pathways for students that they didn’t 
even know existed to begin with. I have def-
initely had some mentors in my life who 
have clearly shaped me. I would literally not 
be here today as a faculty member had it not 
been for certain individuals who created op-
portunities for me where I thought doors 
were sort of closed,” shared Jeremy D. Brown.

Facilitate promotion and advancement
Provide opportunities for all team members 
to develop skills and advance their careers, 
including access to conferences, leadership 
training, and participation in key projects. 
Establish transparent criteria for advance-
ment (such as nominations for prizes, fel-
lowships, and bonuses) and ensure that they 
are equitably applied to all team members. 
Further, actively advocate for team members 
who are on the job market by promoting 
them at conferences for roles that best align 
with their interests and career goals; this, in 
turn, also helps other lab leaders hire excel-
lent researchers from a broad talent pool.

Adapt research agendas and methods
Inclusive leaders embrace unusual ideas and 
interests of their team members and are 
open to provide the resources to redirect re-
search agendas and methods accordingly. 
“I’ve benefited in my own lab from having 
people who have varied interests and varied 

backgrounds. Some of the problems that I 
solve don’t necessarily come from my lived 
experience or even initially my interests but 
were spawned by interests of my students 
who brought in different backgrounds, dif-
ferent experiences, different interests. And 
that led to us doing very impactful work that 
I would not have otherwise done,” declared 
Monroe Kennedy III. Furthermore, ensur-
ing diverse representation among user study 
participants is imperative to create broadly 
beneficial human-centric technologies.

To conclude, in the first section of this 
viewpoint article, we highlight a variety of 
benefits of embracing diversity and inclusive 
leadership for scientific excellence in robotics 
research. The citation analysis presented here 
identified a positive correlation between gen-
der diversity and citation rates in robotics; 
these results motivate future research to inves-
tigate correlations between research perfor-
mance and additional dimensions of diversity, 
as well as to use analysis techniques that al-
low inference of causality. In the second sec-
tion, we provide a guideline for leaders to 
reap the benefits of diverse and inclusive 
teams. Implementing the outlined principles 
requires consistent effort and commitment 
from all levels of the team—especially leader-
ship. We acknowledge that there exist cul-
tural and geographic differences and that 
creating, nurturing, and leading a diverse and 
inclusive lab can be challenging. However, just 
like Josie Hughes (assistant professor at EPFL) 
highlighted, “Having diversity in thought 
means you [as a leader] have to perhaps un-
derstand people’s way of thinking or peo-
ple’s background a little bit more, but that 
allows you to grow as an individual. [...] You’ve 
got to be willing to accept the fact that you 
need to grow, you need to learn, which has 
some overhead, some costs, but has a larger 
long-term overall benefit in terms of produc-
tivity and innovation.”

Supplementary Materials
This PDF file includes:
Materials and Methods
Table S1
Figs. S1 to S8
References (35–38)
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